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PREFACE 
_1114.48111INL... 

CIRA106 (Counterineurgency Research and Development Symposia) were organized 

to provide a forum for the exchange of technical information in the area of counterin-
surgency research and development The operational activities undertaken by the De-

partment of Defense to provide overseas internal defense assietvice to the developing 

nations are broad indeed; these include civic action, psychological operations, para-

military and military training, provision of military equipment, and actual participa-

lion in anti-guerrilla warfare. The seepe of supporting research and development 

Is as broad as thus operations. Therefore, MAUI are concerned with subject mat-

ter ranging from the technology of reconnaissance and weapons through tactical and 
strategic analyses to research in the biomedical and social sciences. 

The last five years have seen an enormous growth of research and development 

effort in these many areas. This growth has been spurred largely by the growing war 

In Viet Nara and by an Increasing awareness of such problems elsewhere In the world. 

The Department of Defense research and development during this period has concen-

trated on highly specialized items designed for use in Viet Nam as well as on efforts 

with more general application. These efforts are now sufficiently developed to permit 

them to be defined as Integrated research and development activities including many 

technical disciplines, with a focus on the overseas Internal defense problem. The 

purpose of CIRADS is to hell) provide this focus. 

The CIRADS Proceedings is the written record of the paper. presented at the 

meeting, and of other papers accepted for publication only rather than for oral pre-

sentation. The publication ia handled for ARPA by BAMIRAC (Ballistic Missile Ra-

diation Analysis Center). a facility of the Infrarad Physics Laboratory, Willow Run 

Laboratories, Institute of Science and Technology at The University of Michigan. 

BAM11RAC, and is supported by ARPA under Contract SD-91. 

This first volume of the CURADS Proceedings comprises papers that were pre-

sented at or prepared for the first meeting. The meeting was held at the Institute for 

Defense Analyses, Arlington, Virginia, on 14, 15, and 18 June 1986. The program 

for the meeting is reproduced on the following pages; last-minute changes are noted 

there. 

Part 1 contains papers classified through Secret. All classified papers in 

Part 1 have been approved for release to ABC (Australian-British-Canadian) Na-

tionals cooperating with the United States under the TTCP Subgroup R-Counterin-

surgency Programs. Part 2 contains papers not releasable to foreign nationals. 

lii 
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ABSTRACT 
UnolaseUted • 

• C1RAISI Procesdingi, Volume 1, compriees papers presented at or prepared for 

the first meeting a the Counterinsurgenoy Research and Development Symposia, held 

at Arlington, Virginia, on 14, 16, and 16 June 1966, under the sponsorship of the Ad-

vanced Research Projects Agency of the Department of Defense, Project AGILE. 

Papers prepared for but not presented at the meeting are inoluded. 

The purpose of the meeting was to provide a forum for the exchange of teohnical 

Information In the area of counterinsurgency research and development. The subject 

matter ranges from the technology of reconnaissance and weapons through tactical 

and strategic analyses to research in the biomedical and social sciences. 

Part 1 contains mere classified through Secret. All classified papers in Part I 

have been approved for release to ABC (Australian-British-Canadian) Nationals co-

operating with the United States under the TTCP Subgroup R-Counterinsurgency 

Programs. 
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INTRODUCTORY REKARKS.  (U) 
Confidential 

Dr. Charles M. Herzfeld, Director 
Advanced Research Projects Agency 

Washington, D. C. 

I'd like to welcome all of you to this meeting, which is the first of its kind, we believe, and we 

hope the first one of a long series. 

Let me make a few comments about why there is a problem in the research community with 

respect to counterinsurgency. U we look at the history of research on defense problems, at least 

in this country, we immediately get the impression that, for the last twenty years or $o, most of 

the real thinking (both by the military and by civilians), on war, on technology for war, and on strat-

egy, has been concentrated on problems of strategic war. This trend started soon after World War 

II and was no doubt influenced by a number of factors and dominated by two features. The first was 

the introduction of nuclear weapons, which changed the dimension of war In,a nUmber of ways. The 

second was that strategic war is very much easier than any other kind to understand and to analyze. 

This is particularly so of a war fought with ballistic missiles, particularly if there are no defenses; 

and Ii we are talking about a war with ballistic missiles and thermonuclear weapons and there are 

no defenses, then Newton's laws plus a little bit of weapons-effects information will see us through 

every time; that is, simple calculations and simple models provide meaningful answers, a situation 

which is appealing to scientists and engineers. And indeed, I think it is fair to say that, at this stage 

of the game, strategic war is rather well understood on the whole. We think we know what we are 

doing. 

But if we look at the world today, it's perfectly clear that the war that's really going on is a 

quite different kind of war and that in fact the chances for a strategic war have gone down dramat-

ically in the last five to ten years. 

What kind of war are we really coping with? Well, the phenomenon in Viet Nam is a most in-

structive one, and I'll come back to that. There are lower-level conflicts, such as the one in Thai-

land. There are sub-sub-counterinsurgency situations in parts of Africa and Latin America. In 

general there is a series of conflicts going on now, and these promise to go on for a long, long time. 

They are quite different from any of the kinds of wars that most of us have thought about; certainly 

'Transcribed from tape recording. 

1 



..L 
• - - - . . . 

...mr•••••••=04r .. 
. . . . 

. . . - . . . 

they are quite different from the wars that most of the people in the R&D community have thought 

about. So the question that arises is how should we think about the R&D problems posed by these 

r4w :::11,16 LII 'Will b. 

First of all, _Uhl& it j_v_Istent_t4at autiihtlity_taxio_RSAIllott to.apply-it-iw•one-nf-the fidven-

tages we have in this kind of conflict. In particular, our ability to understand human societies in 

detail is one of the unparalleled advantages we have. It is simply a fact that American social sci-

ence Is deeper, more advanced, more powerful than in any other country in the world. On the other 

hand, we have some handicaps in R&D. We continually think of making things the way we make them 

for satellites, the way we make them for ICBM's. And the notion of building very simply and crudely 

doesn't appeal to many engineers in this country. One can't get either rich or famous by building 

something which is simple, rugged, and would last forever. This attitude is a very serious handicap, 

which in various quarters of this country's B&B communities is beginning ia be overcome, but by 

no means everywhere and by no means to a great enough extent. 

The second feature of this kind of conflict which we must face is that it is enormously more 

complicated than the strategic conflicts we have thought about in the past. It is simply not enough 

to deal only with Newton's laws and with a little bit of weapons-effects information. We know per-

fectly well, I think, that counterinsurgency is a very involved mixture of human problems, of his-

torical matters, nf geology, of weather, of political problems—all kinds of things in addition to the 

straightforward military problems of finding people and killing them. The military problems are 

clearly not the only, and may not even be the most important, feature of counterinsurgency oper-

ations. This kind of war depends heavily on the details of the situation. For example, those of us 

who have had the chance to look at the war in South Viet Nam in some detail know that there are 

many wars going on in Southeast Asia, and that these wars are quite different from each other. Our 

air war in North Viet Nam is quite different from our air war in South Viet Nam. Our land oper-

ations in the highlands of South Viet Nam are quite different from the land operations of the Delta, 

with different technologies, different human kinds of problems, and so on. Of course they have 

some things in common, and some of these will be explored at this meeting. 

I've been particularly struck in trying to think about counterinsurgency-type wars by one par-

ticular fact: whereas in thinking about strategic war and its strategies you can make real impact 

with a one-dimensional ladder of escalation in the manner of Herman Kahn (where you can measure 

violence in one dimension), on the contrary, in counterinsurgency it is quite clear that you cannot 

get anywhere with a model which is this simple, just because many factors other than military vio-

lence are involved—political power, economic power, psychological force, and so on. I have some-

times thought that what we ought to do is to write down several escalation ladders in parallel, one 

for military conflict, one for political, one for economic, one for psychological, and perhaps others. 

These different ladders interact with one another. In other words, if we move up on one ladder this 

2 
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may be the equivalent of moving down on another. For example, it is conceivable that an increase 

in military violence will in fact amount to a decrease in some other kind of conflict, and so on. 

Now there is an interesting factor here: of course Herman Kahn's one-dimensional ladder for 

ategie_waLlemaiiver simplification , and .i.L.w.a.trled_ to_do- the -job.mor-As .COMpitt0111-4vea-tor - 

strategic war, we would have several ladders describing different kinds of conflicts. However, be-

muse the time of strategic war is measured in weeks and the time of counterinsurgency war in 

years, in counterinsurgency these different kinds of forces interact in a much more visible and in 

a much more complicated way. I raise this as a problem rather than as a finished thought. 

Let me change gears abruptly and talk about something completely different: how are we or-

ganized to do research on counterinsurgency? I will address a very narrow fraction of that prob-

lem so that I may be able to tell you why it Us that we are starting this particular form of sympo-

sium, why we believe that it may be worthwhile to do so, and why we have great hopes for it. It is 
t . 

simply a fact, which everyone who has done research in any field appreciates, that every field must 

have a more-or-less institutionalized way of exchanging information and (equally important) of ac-

cumulating information which has been judged to be interesting by some set of standards. Without 

this, the field will flounder. The early history of science shows this very well, in fact, the early 

history of any science ehow s this very clearly. In counterinsurgency R&D we have been frustrated 

for a number of years, and I personally have been frustrated for something like three years, by the 

absence of regular technical meetings and publications, which allow the accumulation of results of 

importance. 

I was reminded by this of the state of affairs which existed in another technical community in 

which some of us are involved —ballistic missile defense, where for a number of years we also had 

no formal means of gathering to exchange Information. The community, though very large, was very 

amorphous and had no regular focus. A regular meeting evolved ovei several years, starting out 

as an advisory committee, and it wound up being a regular scientific meeting, the so-called AMRAC 

meeting. AMRAC proves that it is possible to invent a mechanism whereby the people who contri-

bute to the field get together regularly in a good scientific meeting and are able to present classified 

results, are able to discuss them critically, and in particular are able to accumulate a printed rec-

ord of the papers. Well, a number of us decided to try something similar in counterinsurgency R&D 

and finally, after a year and a half of talking and planning, we are opening today the first meeting of 

Its kind for counterinsurgency R&D. 

It seems to me that this is an extremely important step forward. It seems to me that this is a 

sign that counterinsurgency R&D has reached a significant level of maturity. From the point of 

view of the consumer of R&D rather than the producer, we have a right to expect from all of you a 

much more careful, better organized, and more concerted approach to the problems at hand. From 

now on you do have a forum where you can bring your papers, where you can give them, where you 
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can have them criticized by each other, whore you can precent them before a lively and large tech-

nical audience. It is quite clear that this meeting is an experiment. But if history is any teacher at 

all, I'm quite convinced that this experiment will succeed. 

—With respee.t.to-the-aubleets.wcare disc angina—I can aay_tlat Ahls.la_ttult.e.e.Auilly. the iwodeaL ... 

military R&D field that I have ever run across. The subjects range from narrow weapons effects 

of conventional weapons like hand grenades in the jungle, all the way to communications theory, 

sociology, anthropology, economics, political science, and what have you. I think we must be pre-

pared in future meetings as we are in this one to accept papers which cover the whole range. Ob-

viously this means that we cannot treat all aspects of the problem equally well all the time. I think 

it does mean that we must take care that no major aspect of the field is overlooked for long. This 

Is a very serious responsibility for the people who are planning these meetings, and it is a respon-

sibility which I think they have discharged in a brilliant way in this particular meeting. 

I don't know how often that] meeting ought to be convened. We are thinking tentatively of once a 

year. It may turn out that by the end of the summer or even by the end of this meeting we will all 

be convinced that that's much too soon or not often enough, that this kind of meeting ought to be held 

twice a year or every five years. We are quite open minded on this score, and would like very much 

to have your reactions to these questions: (A) Was it worthwhile? (B) What can we do to improve 

it? (C) How soon should we meet again? (D) What great papers have been overlooked by the ex-

cellent program committee? That too happens in this kind of business. 

Let me conclude then by saying again how glad 1 am that you are he how very grateful lam 

to the many people who have made this meeting possible, in particular the Program Committee 

under Sy Deitchman's chairmanship. I think there is no question that, in a meeting like this, the 

Program Committee has an absolutely crucial role to play. It is the group which makes sure that 

interesting, important, controversial matters come to the floor, that trivial, uninteresting, or wrong 

matters do not; that pseudo-results are reLegated to the place where pseudo-results belong (maybe 

the "round" file); but on the other hand, that important results are highlighted and sharpened as 

much as possible. In addition we must thank the Arrangements Committee, which was headed by 

Tom COuper of The University of Michigan. Also, I think all of us owe a great deal of thanks to 

Fred Koether of ARPA, who made the security arrangements. 

Thank you very much for being here. It's good to bee you. Let's go. 
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Before the planned program starts I would like to repeat Dr. Herzfeld's welcome, and to wel-
come you all to the IDA building and the IDA auditorium. We've tried to put together a program 
that you will find intereeting, and having the scope Dr. Herzfeld outlined. Before we begin, I would 
Ilk, to describe more of the specifics of the R&D problem, and how R&D in this area is accomplished 
In the Defense Department. It's a very complex organization, and we should start from a frame of 
reference where everybody has the same information. I'd like also to make a few comments on the 
scope and organization of this symposium. 

Why do we have special requirements for counterinsurgency research and development? Why 
Is it different frurn other R&D? I think Fig. I makes fairly clear the conditinrui under which 

-eepeteentisort-

 

SPECIAL REOUREMENTS IN COIN  

DERIVE FROM: 

1. UNDERDEVELOPED AREAS 

2. DIFFICULT TERRAIN 

3. UNFAMILIAR CULTURES 

4. LOW INDIGENOUS TECHNOLOGICAL CAPABILITY 

5. 'PRIMITIVE" ENEMY: HIGHLY MOTIVATED; SIMPLY 
EQUIPPED AND ORGANIZED 

6, CONFLICT laVOLVES MOUND NON-COMBATANT 
POPULATION 

7. U.S. PREDOMINANTLY IN ADVISORY RATHER THAN 

COMBAT ROLE 
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FIGURE I 
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counterinsurgencies in which the United States is involved most often take place, and that we're 

votiw, 'rites nrnhlam DPITUFFT that ronrhana wa hadn't particularly thnuaht shout (or many yaara. I werilei 

like to call special attention to the last two points on Fig. I. Item 6 should not be forgotten: that 

Trailtrofttrn-terell‘hdriu a-tval—feir-peoplu, 4e Are hot nett itrirlrar-of-truiragsihti eniy. fte , 

that the United States is predominately in an advisory role, might seem rather strange %then we read 

the news from Viet Nam, gut the Viet Nam conflict started that way, and that part of the war does 

continue. We have seen it overlaid by conventional limited war of rather large proportions. But 

the important part of the Viet Nam war still revolves around these last two items, even though the 

research and development that affects it spans all the problems of the many aspects of the war. 

Now what problem areas are important? U we consider that a communist-instigated and -sup-

ported war of subversion really has three phases to it, we can then single out in parallel with those 

phases the problems that we need to worry about. (See Fig. 2.) To begin with, one must defend the 

institutions of government, its installations, economic facilities, etc., against the depredations of a 

guerilla insurgent attack. One must also attack the Insurgents so that they cannot operate freely. 

But then, also, one must work with the population. For an insurgency to a rise, there must be 

grievances within the population; the people must be attracted to the insurgent side and away from 

the government. Their condition has to be transformed so that they would rather support the gov-

ernment than the insurgents. This requires attention to the econor..1c, social, and political problems 

that are a key part of this kind of war. 

*ONNTIENnar—
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There are many agencies in addition to the Doi) involved in counterinsurgency warfare. The 
DoD's responsibilities overlap those of the civilian agencies and also shade into more or less con-
ventiututi tactical warfare. lite spectrum ot promems pretty much tottows tnts spectrum of activ-
ities. Our agents axe involved with the civil as well as the military population. Since we furnish 

Mr • 

•'••••• 

1 
; 

advisors and since the job the United Stites can do is as good as the people we send to do It, we 
must worry about what types of advisors are sent and how well they are trained for solving the 
problems they meet. A key technical problem arises from the fact that an insurgent survives by 
hiding; he is not to be found when someone wants to find him. Next, he has certain tactical main-
stays. It's because of these that a numerically inferior force, one that has, bv almost any standards, 
armaments inferior to those of the defender, can defeat a superior force. These tactics are not 
easy to overcome because cd the surprise that characterizes them and the ability of the insurgent 
to pick the place of his attack. Further, we have seen in Viet Nam that air operations can have a 
very important part in cotmteriniturgency, but that they must be very carefully controlled, if they're 
to have the desired effects and not oe counterproductive. 

I think it can be shown that most of the problems that face the DoD— those that can be solved 
with the help of research and development—can be related to one or another of these problem 
areas. However, the DoD doesn't quite work on the problems In this order. (See Fig. 3.) The pro-
gram is really divided into a number of technical areas. The first one listed, "Reconnaissance, 
surveillance, intelligence, command, control," is very often thought about in terms of the separate 
entities. We find, however, that in a counterinsurgency war if these are not very closely integrated 
It is difficult for efforts in any one of these areas to be effective by themelves. Night operations 

—440021210002-
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are closely related to the reconnaissance and surveillance problem, but also pose some operational 

;rot:lame or their owil. Net the leatit tlivaa prulAtimas t. WICV dependency 14 iruOjoius jatiolati4 
for seeing by night, instead of dependence on adequate training for night operations. The incapacit-
ing-wea.  pun prZgpirs, as you-I/tow, ral rp1TlVth many aapai-el-e °fin° 1 irsa-

bon of the research and development people is to make sure that a capability is "on the shelf" and 
rcady for use if policy calls for it. 

A special problem occurs in the area of aircraft attack systems. Even '.hough it's not necessar-

ily easy to design good weapons, it seems to be easier for people to think of work to do in the wea-

pons area than in the other areas. If we loci at the overall research and development program we 

find that by far most of the effort and money is devoted to weapons. Much less is devoted to the 

other three areas: target acquisition, communications, and fire control; and theee areas Seed very 

much more work. Some further things will be said about this problem at this meeting. 

Now, a final comment about nonmaterial research (the other technical areas listed need no fur-

ther elucidation). That refers to the four separate areas of effort listed on the figure. They inter-

act, and this is worth keeping in mind. As a general matter, one must collect projects into pro-
grams, and such groupings are necessary even at this conference. But the important. thing to 
remember is that most of the problem areas interact with each other and must be treated together 

at some point. We'll be hearing something about work in most of these technical areas in the next 

three days. 

Let's look for a moment at how the counterinsurgency R&D area is organized for management 
within DoD. (See Fig. 4.) This is very complicated, and I'll have to be brief. The research and 

FIGURE 4 

8 

 



_ • • 
• ..•_ • - • - • • • 

Now, these efforts are coordinated at many levels of management. For Viet Nam, there is the 

PROVOS1 Senior Steering Group, which is made up as shown by the asterisks in Fig. 4. PROVOST 

as some of you know, is an administrative scheme for expediting the research and development that 

supports operations In Viet Nam. Requirements can be expressed very quickly; if the Military As-

sistance Command in Viet Nam says it needs something, then a requirement is established. The 

military departmonts and ARPA use supplemental appropriations, emergency funds, or special proj-

ect funds to apply money against these requirements without delay for the usual budget cycle. At the 

next lower management level, the people who have special responsibility for tying together the di-

verse research and development efforts meet as an ad hoc committee on counterineurgency R&D, 

to act on problems that involve coordination between the Services, among the Services, ARPA, 

DDR&E, etc. Similarity, there is a mechanism of this kind on the software side. 

This Is not yet the whole picture. Since we are primarily concerned with research and develop-

 

ment that has to do with the military efforts of foreign countries, we also need connections in the 

foreign rountries for research and development there. Thi relates particularly to field research, 

to tests evaluation of equipment designed to operate in special environments, and -specially to 

the need, 'requirements" input from the field—it's unreasonable to expect people sitting in Wash-
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development direction starts with the Director of Defense Research and Engineering, and lines of 

coordination are not always shown: there must be coordination with the Joint Chiefs and also with 

all of the other agencies listed. The line of authority to the military departments goes through the 
---Deroty-Oireetor 41r-Inctfeitt-Wrirtitre- Pr ogrentle7—bt adelitiovrrdte-AdtremetilfeeetteirProl eels - 

Agency supports Project AGILE, whose work covers the entire spectrum of problems. Although 

It's hard to show here, it should be made clear that there is close coordination between ARPA and 

the military departments, between ARPA and the wholeDDR&E "shop," and also among the military 

departments. 

Below this level there are a number of threads to be traced, in each of the military departments. 
4 

The first is the requirements track: it must answer the question, "What do we need?" Then there 

is the bar 'ware development track; in most cases there is a separate coordinating or directing 

agency for specialized research and development on counterinsurgency problems. Under the Chief 
of Research and Development of the Army, for example, this responsibility resides in the Special 

Warfare Division, which also has cognizance over the U. S. Army Limited Warfare Laboratory. 

In the Air Force, the agency is at Wright Field, and also, through the Operating Forces to the Spe-

cial Air Warfare Forces, there is a specialized laboratory where urgent short-term developments 

can be undertaken. The Navy works through its laboratories and bureaus, again with a Special As-

sistant to make sure that this very diversified program is tied together. In addition to all this, 

separate tracks exist in each Service for what may be called "software": operations research, en-

vironmental research, and social sciences research 
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Since field R&D groups are attached to operating organizations, the line of command really goes 

through the Joint Staff, but (as shown) the research and development community has direct connec-

tions with the field. The organizational elements exist under the cognizance of the Commanders in 

Chief of the three main geographical areas of concern: Latin America; Africa, the Middle East, 

and South Asia; and the Pacific. In Panama, under Commander in Chief, Southern Command, there 

is the U. S. Army Tropic Test Center, the sorto* Field Office, and the ARPA Field Office, all 
concerned with coordinating research in Latin America. For the Middle East-Africa-South Asia 
area there is an ARPA Field Office in Lebanon which has a similar concern in its area. As an ex-
periment, research and development sections w.n.e established last year in three of the Military 
Assistance Advisory Groups: Brazil, Ethiopia, and Iran. The purpose of these sections is to see 
that specific specialized requirements are expressed; to give full-time attention to field research 
and development efforts in their areas; to make sure there is follow-through and good coordination 
in the field. If successful, this sort of arrangement may well spread further. Next there is an 
Army Research Office field office attached to the MAAG in Korea; ills concerned primarily with 
troop and personnel problems. 

In Southeast Asia the organization shown in Fig. 5 has seen the greatest elaboration simply 
because that's where the conflict has been hottest. In 'Thailand, working in coordination with the 
Military Assistance Advisory Group and the Embassy, Is ARPA's Military Research and Develop-
ment Center, which has both American and Thai units (we'll be hearing more about their work later 

*Special Operations Research Office, American University (supported by the U. S. Army). 
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In this meeting). In Viet Nam, under the Military Assistance Command and reporting directly to 

General Westmoreland. le the Joint Research and Teat Activity. commanded by a Brigadier General 

who receives guidance and instruction from two sources; the Joint Chiefs on operational and corn-
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unit, an Air Force Test Unit, the Army Concept Team in Viet Nam, and the ARPA field unit; the 

latter, again, is part of a Joint Combat Development and Test Center that includes a Viet Namese 

unit. 

The R&D task in Viet Nam is essentially one of test and evaluation. We find also some oper-

ations research, some social science, and some combat development efforts—testing and evaluating 

: tactical and command concepts, 

lids symposium is organised somewhat in parallel to the problem areas as I've outlined them. 

'71 Each session is designed to cover some separate aspect of the problem; and the interrelationships 

• ; among the various problems will be shown to some degree in the session called "Research and 

Analysis - II," where we will be exposed to some counterinsurgency problems from a very broad 

point of view. Work in all the problem areas I listed will not be covered completely at this meeting; 

their scope is too broad for the (line available. The Program Committee tried to select at least one 

paper in each problem area and each technical area. Some of these areas are not represented, but 

an attempt was made for tnis first CIRADS meeting to provide a good cross sectional the work. 

There is some very good work going on that has not been reported, and we will hear about this at 

future meetings. 

You will also find that, even though we tried to organize the sessions in an orderly manner, 

there is some scrambling of suojects. For example, in the session on systems, there is one paper 

that deals to great extent with a reconnaissance problem; the reconnaissance session will contain a 

lot about uses of aviation; etc. This is simply an indication of the complexity of the su'rject and the 
degree of uv Hap among the many areas. It's worth remembering that, although we give names to 

the various areas that we're concerned with, there are really no hard-and-fast boundaries. 

Many good papers were submitted to the Program Committee, and in view of the very short 

time available to Authors to prepare and submit the papers, I think all the authors are to be con-

gradulated. There were some papers that didn't quite fit into the program as it was arranged by 

subject matter, or for which there simply wasn't enough time. If these appeared to the Program 

Committee to be very Important they were selected for inclusion in these proceedims. 

I'd like to comment on the relevance of some of the detailed work in rather narrow technological 

areas. This will be talked about in the last session, and it highlights something rather character-

istic of the counterinsurgency R&D area. By itself the work could be applied to almost any type of 

war; it assumes relevance because it's being performed to meet a counterinsurgency problem. We 

know from having answered all the requests fur Invitations to this meeting that this is a very diverse 

audience and that many people have very specific a.,eas of interest or specialization. The work re-
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ported in some of the sessions will be far outside these areas; but we certainly hope that all of you 

will stay for and enjoy all of the sessions, because cross-fertilization anti transfer ot information 

among those with varying interests is o,te of the main purposes of CIRADS. The symposium i In-

tended to broaden the general understanding of the entire counterinsurgency research and develop-

ment area, since narrow speciabaation alone cannot help us meet all the problenks in this area. 

Finally a comment on research and development in Viet Nam: it's fair to say that the interest 

in counterinsurgency research and development has grown in parallel with the growth of the war in 

Viet Nam. There has been an attempt, in many respects succe5sful and in some respects not, to 

meat many of the problems in the theatre with research, development, test, and evaluation on the 

spot. This has been a sort of bootstrap operation having many unique problems, difficulties, and 

fascinations. We thought it would be appropriate to close the meeting by getting everybody's feet 

back on the ground through some exposure to the realities of R&D efforts co-located with an active 

war. General Boles, whc,  was responsible for that activity for the last two and a half years, will 

close the meeting by discussing some of the problems he got into there. 

Thank you for your attention. 
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IS TRODUCTION OF CI:RADS BANQUET SPEAKE11* 

Charles M. Herzfeld 
Advanced Research Projects Agency 

Washington, D. C. 

Ladies and gentlemen: this Is indeed a very special occasion for all of us. I am keenly aware 

of my responsibility in insisting that so many people who are terribly busy come together for a 

meeting like this when there are already so many meetings. 

This morning, when I opened this meeting, I said that solving certain of the strategic problems 

was easy. Now my boss (b)(6) who is not with us tonight because he is trying to solve some 

of these "easy" problems, keeps saying that one of the problems of American R&D is that "you guys 

don't know that there is a war on." To some extent I think he is right; but obviously many of you 

do, and many of you have just come back from the war. It is clear, however, that many, many 

Americans In the military R&D business treat the counterinsurgency problem, which is the only 

live war that we have at the moment, as lilt didn't exist, as if it were something that is only being 

fought in scientific journals, at budget sessions, at committee meetings. But it's not that way. I 

have just come back from South Viet Nam, and let me assure you that It is more serious than that. 

What's to be done? Well, my boss says, "Why can't we get everybody on three shifts a day?" Well, 

why indeed not? It is perhaps a mistake to talk about eight-month, eighteen-month, two-year, three-

and-a-half-year programs if one could go on three shifts a day. Let's think about that a little bit. 

I suggest we all do. We are thinking about it, believe me, and I suggest very much that you do. 

Things are going to change, I hope, with respect to this in the next few months, and let me tell you 

very frankly that the pressure on industry, the pressure on government laboratories, the pressure 

on all of us, is going to increase very much, to do our jobs better, faster, more intelligeetly, and 

above all more effectively. 

This is all by way of preamble. However, it does lead into the point I want to make in Introduc-

ing our speaker. We are very lucky to have for our speaker a man who is fighting a war that is net 

In the country you usually read about but in a country that is Just as much at war. Let me tell you 

some things about him, which I dare say most of you do not know. 

First of all, he has been heavily decorated by his government for gallantry in air combat. He 

was educated in a variety of places in his native country, and also at the U. S. Military Academy at 

West Point, where he was graduated in 1937 in the upper third of his class. He was commisaioneu 

*Transcribed from tape recording. 
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speaker. I believe It Is an exceptional honor for all of us to have with us 

the Royal That Air Force. 

It is therefore an exceptional pleasure and an exceptional privilege for me to introduce our 
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second lienitenant in the Royal That Air Force in the next year. He went to a number of other 

schools such as Kelly Field, where he was graduated in 1938 as a pursuit pilot. He then went on to 

other schools in England, returned to Thailand st a time which must have been a very difficult one 

in his counts hiatory, became an active tier pilot in hie Air Force, then became chief instruc-

tor at a Thai flying school during the war where he assisted considerably in the various underground 

activities in favor of the Allied cause. He became an instructor in the Royal Thai Military Academy 

and had a large number of other appointments in his highly distinguisned career. He attended the 

U. S. Air Force Air Command and Staff College in 1962. He was a Director of Intelligence in the 

Royal That Air Force. Finally, and for us most important, in 1985 he beeame the Commanding 

General of the Military Research and Development Center. MRDC is a remarkable institution. 

There are not very many like it. It is an institution that is "combined and "joint”; and for those of 

you who haven't read the JCS Manual Of Definitions, that means there are several countries In-

volvod; his own, ours, the United Kingdom, and Australia. MRDC Is joint in the seise that the Air 

Force, Army, Navy, and Marines of his country and of ours operate jointly. It is a research or-

ganization which has departments in electronics, in operations analysts, and many other subjects. 

It is a military organization in the sense that many, though not all, of the staff are military officers 

and that all of the problems, or very nearly all, are directly involved with t..e defense of his country 

and the defense of our alliance there. 

AnIlFrKSIS TC1 ("TRAM  ANQUET 
(b)(6) oyal Thal Air Force 

uummanuing velittra MRDC 
Bangkok, Thailand 

Dr. Herzfeld, gentlemen, andtwo ladies:t I feel highly honored and most delighted to present 

a few facts and to express my own opinions to the distinguished audience present tonight. As you 

have heard, Dr. Herzfeld has praised me very highly. I wish to take this opportunity to express 

my deepest gratitude to all American taxpayers because you have given me a free education at the 

U. S. Military Academy at West Point. And not only that: you were kind enough to further my fly-

ing training at Randolph and Kelly Fields. You were so nice that you did not even make me pay 

for crashing one of your airplanes there. 

'Transcribed from tape recording. 

tC1RADS is organized mainly for men. Since these two ladies were courageous Lnough to 
attend, the speaker was advised to address them last Just to make It obvious. 
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Let me tell you about that little incident. When I was In the advanced stage of the Pursuit Sec-

tion in 1998, at 7:30 on the evening of March 12, just before dark, the instructor ordered me to 

night fly a BT-8. Those of you who are pilots (tn the old days or even now) realize that a BT-8 was 

a Sskv version  QUIL1111.44.1223K4IftifigarAWSLittialLIA1LIAJipsiersusLut not folding)t ft 

had a special characteristic of being very maneuverable, but it also ground looped very easily. 11 

was the custom then that, when cadets or any officer ground looped, he had to buy a case of beer 

for the crew chief. It is not the intrinsic value of the case of beer, but it is the pride of the pursuit 

pilot not to ground loop. To make the story short: as 1 came in for a landing, I was way above the 

water tower at Kelly Field, which is now called [Ackland Field. As I aivroached the last leg, my 

mind was exercising the power of Buddhist concentration not to ground loop; and I forgot to look 

clown at how close I was to the hangar. My right landing gear bit hard on the far side of the roof. 

With a bang I was knocked unconscious. My right eye was wounded by the broken glass of my gog-

gles, and the airplane ricocheted up some 60 feet. As the nose of the airplane was heavier, it fell 

down first. Being unconscious, of course I did not turn off the ignition as I had been instructed. 

The plane landed flat on the cement tennis court. The instructor ran to pick me up and put me in 

the hospital. But the main point is that Hangar 13 then was not a hangar for airplanes, but was used 

as a gymnasium, and that night it was used for a basketball meet. There were a few ladies in the 

ladies' room. They were, of course, performing their own business. At the firct bang they were 

tnterrupted suddenly (maybe they thought I was trying to peek at them or something). Now you see 

what happened. Then at the second bang, when the airplane came down, they ran nack and I was 

told four days later that those ladies had to go home and take a bath. Again, apologies to the ladies 

present. It was a true fact; I did not know all this until I was out of the hospital. The newspaper 

played it up with a headline: "Death Cheated When a Siamese Lieutenant Officer Pilot Had Crashed 

and Wae Still Alive." For the next few days flowers and other gifts were Rent, wishing me speedy 

recovery. 

I think I have wandered too much away from my subject. May I again apologize to this distin-

guished audience to bear listening to what they already know, because it is necessary to presei.i. 

you with a little picture of Thailand before going on to the main part of my speech. 

By now, since many of you have read about fighting in Viet Nam, I believe you know where 

Thailand is. See the map shown in Fig. 1. ft Is west of Viet Nam in the Indo-China peninsula. It 

is a country of 200,000 square miles or about two-thirds of Texas, with a population of about 30 

million. Development in Bangkok, the capital, is just like In Washington or New York, so I need 

not tell you in detail about It. I'll endeavor to show you undeveloped rural sections instead. 

An outstanding feature of Thailand is the floating market. You see, Bangkok used to be called 

the Venice of the East. Everywhere in Thailand there are canals. They are the cheapest means of 

transportation, so when men produce any material they put it on a boat, and float it down a canal for 

selling. Figure 2 is a picture of the floating market. 
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We are a Buddhist country. Buddhism in Thailand came originally from India, as you know, 

and Buddhism taught us to be at peace, to mediate, to concentrate, and to try to find out our own 

iauits so as to oe aoie to reach happiness. Bucicihism Is not invoived in politics. We present iood 

to the priests so that they meditate more. It is the religion with it philosophy of teaching. 
_ 

Just before I came to this lInner a distinguished member of the audience asked me about some 

of the Commandments. I am very happy to inform you that one of the Commandments in Buddhism 

is "Thou shalt not kill." No matter what form of life it may be, if you arc a good Buddhint, you 

must not kill even If you see a enake: your spread kindness and the power of meditation to it; I was 

told that then the soak() would not bite you. Whether or not this is uo, I shall maintain the Command-

ment "Thou shalt not kill." If you commit suicide, you are an even worse Buddhist and are committing 

more sins. Also, you art sinful If you direct Others to kill. Believing in reincarnation, we shall 

not blame others If something goes wrong with us Buddhists. So we shall not mix any politics with 

our religion, Buddhism. 

To go on telling you of our happy life in Thailand, I'll say we enjoy both freedom and indepen-

dence. Speaking of independence, we are also grateful to the United States. Up to World War I we 

still had to be under extraterritorial rights; that is, we had to try foreign subjects in the consular 

courts, and the Americans were the first nation to give up this system so as to let us enjoy full 

freedom. 

Dancing is one of the mist practices In all of Thailand. See Fig. 3. There are various move-

ments which are full of twisting of the body and wrist. 



FIGURE 4 

Another extraordinary sport of Thailand is Thal boxing (Fig. 4). Many of you have seen this; 

those who have not—if you should go to Thailand I invite you to see it because it is a form of de-

fending yourself against an opponent in which you can use every part of your body—elbows, knees, 

_axisilibia...biainat tenth. -Therclaulso-sword affhtiar,lor-solt-daense-- _ 

1 

Back around 397 years ago we had a little trouble with our neighbor, Burma. They were then 

more powerful, so they often attacked us and burned our capital city of Ayuthia. I bring this up be-

cause you will need to know that we fought back the Burmese just as often. The King used elephants 

to fight, something like tanks. If any of you have seen "T1.  a King and 1," you will recall that King 

Mongkut wrote to President Lincoln offering elephants to fight hi the Civil War. This is an actual 

event, although President Linco'.n refused. In Thailand we did use them. There were "Ngow 

fights" on elephants' backs between our KLng and the Crown Prince of Burma. We won that war 

and became so strong that the Burmese did not dare to bother us for more than 187 years there-

after. Figure 5 shows some of the elephants. 

When we speak of the King, I wish to emphasize further that Thailand is a constitutional mon-

archy, headed by a king. The King is not only the head of state; he is respectfully worshiped by us 

all. This is especially so of the present King Bhumipol. 

May I remind you that a few years ago, when the King and Queen visited this country, the King 

addressed a joint session of the CongreFs. The first thing he said was that, when His Majesty 

arrived in America, he did not consider It as a visit but a homecoming, because he was born in 

* Ngow is a sword about 8 feet long. 
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Boston. This King is most democratic, III may say so; he inherited the democratic principles of 

his birthplace. lie spends most of his money for charity, helping the people who may be flooded 

during a catastrophe, giving scholarships for students to study abroad. He went so far as to exper-

iment at his compound in the palace with growing rice, and that rice is used at the plowing festival 

in May for the farmer to re-sow as a good omen when he grows his own rice. The King also plants 

all kinds of tees around his palace. The University of Agriculture in Thailand sends students to 

do research on special types of trees which only the King has, and the student must get permission 

from Hie Majesty first before using his trees. The King also runs a dairy farm as a model because 

he wants to encourage production of more milk. All these activities have caused the King to be 

most popular and most loved. I feel that His Majesty is one of the most important factors in pre-

venting us from falling to Communism. The King and Queen (see Fig. 6) devote most of their 

time to looking after other people. Their Majesties went around to visit fishing villages, to offer 

help. Figure 7 shows a royal barge which the King rides once a year to take acessary materials 

to the priests at the end of the period of the Buddhist Lent. In the old days we used the barge for 

fighting In the Navy as well. 

Looking at the map, you see that Viet Nam is on the east of Thailand. We ha/e 30 million peo-

pie, even though the Northeast has moetly people of LaJtian ()Agin, who intermarry with Laotians 

in Laos and move back and forth across the Mekong River, our northeast boundary. In the dry sea-

son they can walk across the river. Before I go on to discuss Communism, may I show you the 
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people of the Northeast—just to let you know how they are different from the people of Bangkok or 

the center of Thailand, The Northeast is not yet developed. Farms are less fertilized, and have 

not enough water. There are fewer roads, although we used up a great deal of budget money for 

0!...41?Y42PITAPI.t.10.41' ) vt.141.2kIlL1BelliikillAILLAWICILhavIumough readshleadloa-teall 'emote 

villages. 

The capital income is about a little over a hundred dollars per year. The farmers produce 

rice, then after that they have leisure. Even Row the government is trying to introduce double 

cropping so they wUl be more occupied and less fret. Still there is not much to do during the sum-

mer time. This is the area where we find the most Communtsh insurgency, and Communist insur-

gency is the main topic of my speech. 

Who are those Communist insurgents? We learned about them from the members of the Com-

munist Forty who surrendered to us and who were captured and investigated. We found out that the 

Viet Cong, the 1Pathet Lao, and the Communist Chinese have infiltrated into Thailand. These are the 

hard-core Communists coming into our country. In addition there are a few Thai politicians who 

lost power and wont over to try to make friends, to try to get any form of help to gain back their 

old positions. How do they organize? They come in and form cells. They will vielt a village, and 

their propaganda says that right now the Thai Government is selling or giving the country to the 

Americans. We are now an American colony, they say, consequently, let's join this group and 

liberate our country so that we can be free by changing the government's present form to another. 

They don't call it Communism; they call it something else. And this activity has gone on and on. 

Let me go back a little. Some years ago when French Indo-China was under French rule, 

many of the Viet Nameee settled down in Vientien, a large city in Laos, to earn their living, after 

they started fighting to gain their independence. Some peaceful ones moved across the river and 

stayed in Northeast Thailand. We call these people Viet Nameserefuges. We have over 40,000 of 

them. A large number of them were even born in Thailand. They can speak Thai just like natives. 

We sent a few back to Hanoi for repatriation If they wanted to go, and now evidence shows that 

some of them have come back to be hard-core Communists. In particular, a girl 21 years old now 

La the head of a Communist bard-core group of about 20 stationed about 20 kilometers from the air-

field Lerng-Nok-Tar, which the British were kind enough to help build for us. Let me tell you a 

little more about this 21-year-old Viet Namese girl leading this Communist cell. She has two guns, 

and this particular girl will shoot both at you. She runs away from the suppression unit and shoots 

backward over her shoulder. Further north we have another similar girl about 32 years old. 

I say all this to inform you that the insurgency in Thailand is accelerated by outside help. 

Some young men who are free in the summer are recruited and persuaded to go to Hanoi to be 

trained. They are promised that once they get back they will be paid about $25 a month. That's a 

lot of money for those farmers, one-fourth of their yearly earnings. One of them that I know about 

went to Hanoi. The training school Is some 20 or 30 miles from Hanoi, just inside of the sanctuary 
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boundary where you cannot bomb. He heard the bombing but he never was bombed. He said there 

were 120 people from Thailand, 20 of whom were women. The first six months he was trained to 

be loyal to his party, to be loyal to the upper eAhelon. They avoided the word "Communist." They 

were taught to say just that they were to liberate Thailand. One strange thing: these men are not 

allowed to look at a girl student in a personal manner or in the love mood. They can talk to the 

girls about serious matters like how to revolutionize Thailand. No love affair could take place at 

all. They mere taught to confess. After so many days passed they had to confees what they did. 

After eight months In school the man I'm talking about graduated and returned home. He found the 

promises made in training school were not kept, so he surrendered to our authorities. That's how 

we got to know all these facts. 

Figure 8 is a map of villages already fallen to Communist aggression, The dots represent 

villages. There are a total of about 49,000 villages in the whole of Thailand, many of which, (tope-

cially in the Northeast, have been subjected to infiltration. The Communist training camp shown 

in Fig. 9 wan captured and occupied by our police. The Communists used such facilities to train 

what they called woods soldiers, meaning hard-core Communist soldiers who were trained in the 

woods with weapons issued to each one. They also trained village soldiers, who were more or less 

the labor force of the Communist cause. Also they had the villagers who were sympathetic to the 

Communist cause or who did not know any better or who just simply followed when they were forced 

to do so. Figure 10 is a picture of medicine we captured, and of food supplies. You see, sctie-

times the insurgents could not come to their village to get food, because we sent our securhy patrol 

to that village, so the villagers, in groups of ten to twenty, had to prepare themselves to be the 

jungle or in the training area with preserved foods to face the eventuality of combat. Figur( 11 

shows the food supply, and Fig. 12 shows some of the weapons we captured, including a pistol. 

There is an M-2, I believe, also a submachine gun that looks like a sten gun ()Ig. 13), but I think it 

was made in China. 

Figure 14, a picture of a dead Communist, will prove to you that there existed Chinese Commu-

nists; if you look at the picture on his chest you will see that he is Chinese. It is not a wry beviti-

ful sight but it is a fact. And Fig. 11 I would like to say more about. The dead man is a Viet 

Names°, head of a group of cells, who had two Thal as his followers. He ordered the two Thal to 

the village to get his food for him while he was asleep. The Thal had been brainwashed and believed 

they would get what was promised; but they never found it at all, so they shot him. Then the Thai 

Communists surrendered to us; that's how we got this picture and learned the details. 

As part of the Insurgency it is also rumored that there were helicopters landing in Thailand 

providing their cell units with whatever they needed. Through our captives we found that some of 

the heads of this unit are quite civilized. They even drink tomato juice (we found the cans), and 

some of them even have ladles' sanitation. 
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I shall summarize by saying that all this will inform you that Communists have infiltrated the 
htertheset. What Ana. *ha frraia  'trona.*  rin 1,4.114,  1.1 uo ar.t. try!ng  to oontrr trt 

and active. The passive method is trying to develop the country, and the Ministry of Interior went 

O 1 is-to-trylv1t-tte-citil-acceterated-rurat-devetoprhenrttraoperallotruntirttie- TIS0K-151111t41 ' • 

too slow. Therefore the government is trying another system, which we call National Security 

Command, a passive measure which we feet will be more effective. We call for full cooperation 
and combine the input of all government agencies engaged in countering Communist activities. This 

coordination must be keynoted by a more effective system of delegating responsibility and authority. 

The concept of the National Security Command, the passive action, is counterpsychological warfare, 

and includes technical improvement of Thai roads, radio broadcasts, visiting rural people, mobile 

development units, and identification card projects. Each individual person must be identified. 

The project calls for training the hill tribes and the rural people of the border area. Besides using 

the mobile units, we are also using the youth project and adult education. What we try to do is to 

improve the standard of living so that we can win people's minds. 

The National Security Command prepares plans for countering Communist activity by passive 

or active operations directed by the policy board. The government agency concerned is supervised 

only so that the operation may be carried out effectively. The most effective method we are using 

Is the Mobile Development Unit. It is operated by the military people because of time, and its ob-

ject is to approach the rural people face to face to win their minds, to persuade and motivate them 
to maintain their loyalty and honesty to the Thai Government and make them proud of their That 

nationality as Thai people. The objectives of MDV are shown in Fig. 10. 

OBJECTIVE OF MDU 

Aprooch rural pogo* 
loco -to- loco to toto Moir minds, to 
potato* trod *WM* Mom to 

mointoin Molt iterotty end 
naivety to 16.• Sovorttatont 
and molto themMO Prod 01 
their ttotioa•Illr rgit ipatoiv..7 

FIGURE 16 
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!l fly* mission of the Mobile Development Unit. As 1 88.1d1  its mission is 

collective action for rural people, to promote their standard of living. In order to achieve the 

'
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r IntproVe thetr-profetterwed-theweollect- Information, which la 

the most important. Now some of the achievements of the Mobile Development Unit are to rearrange 

houses of the village so as to widen roads, to rebuild living quarters, schools, and temples, to im-

prove or provide places where they can pasture their cattle, often kept in cellars, to set up health 

stations, to bore efficient wells, to construct public community centers, to improve public welfare, 

to promote agricultural activities, to provide playgrounds for children, and above all, to set up TV 

antennas RS high as 250 feet, or radio antennas, and to provide television and radio sets. The re-

sults show that rural area people reflect favorable attitudes to the central government and to the 

MDU personnel. We won the minds of the rural people. They felt that they belonged to Thailand, 

to the central government, and they felt that they were not left unattended. 

MISSION OF sir, ' 

I. Conduct CI* Ardisii and rural 
development to promde people's 
standard of Hying In order to 
attain the objective. 

2. Determine their needs to be 
improdid for long rouge project 
of Development. 
Collect hstermetIons for National 
$ecurtty. 

OMMM=a1.1 

FIGURE 17 

Let me say a few words about the youth program. We invited one or two boys to Bangkok from 

each remote village, altogether about 200 of them, ranging in age from 10 to 12 years. We presented 

them to the King, gave them a banquet, showed them what a country or what the developed city of 

Bangkok looks like. These youths, after they went back home, realized that a well-developed 

city is full of modern conveniences. They felt that they belonged to Thailand; they were Thai. They 

no longer fall for Communist agitation or propaganda. They would then tell us where the Commu-

nists had a meeting place, and who brought food to the Communist cell outside the village. These 

led to many arrests and successful destructions, and that is the main function of our passive pro-

gram. 
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So much for the passive method. Let us look at the active suppression. We are now creating 

what we call Civil Police Military units so as to be able to counter the Communist activity, which 

is increasing. I shall react a report from a newspaper, which 1 cut and brought with me. The CPM 

.ralt is ace noneastrstliwanlhe euppaesslnaci-Communisi_tatenelem.in_fisivanganiuL-Dinle 

Warich-Pum District in Sakon Nakorn Province. Several terrorist gangs have been broken up, and 

many members of the gang killed or arrested. The newest engagement In which the CPM units have 

been convincingly displayed has made the leaders of the terrorists Issue orders to avoid clashes 

with the units. The Communist terrorists were being trained by Pathet Lao instructors, who are 

now increasing their activity by having more instructors come from Viet Nam as well as from 

Communist China. The terrorists became overly aggressive because of the support they received 

from Communists outside Thailand. The slaughter of the teachers, I repeat, the slaughter of the 

teachers, andthe village chiefs is a real Communist plot. 

Since the establishment of the CPU units, much satisfactory work has been carried out. One 

unit has been working southward throughout tie'. infested area. It has clashed several times with 
terrorist gangs and routed them, capturing WY' killing the important leaders. The use of helicop-
ters for transport purposer has greatly increased the efficiency of the unit. 

As you will see, Fig. 18 show we have seven CPM units, headed by the governor of the pro-
vince. They are the civil units. But there is a special one called CPM 1, headed by a military 

colonel, because that particular unit has to take care of a more Communtat-infeeted area. And 
that's where the Viet Nameac girl of 21 years old was found. 

Now here are some statistics on Communist casualties to the end of May 1968, in Thailand: 

1521 surrendered to the authorities (1490 from the Northeast) 
509 arrested by the Government officials (480 from the Northeast) 
86 killed in fighting (65 from the Northeast) 
67 contacts with our suppression units 
40 ambushes by the Communibls on our forces 
23 police soldiers of Government forces killed in action 
15 wounded police and soldiers 
21 civilians killed by terrorists 
7 civilians wounded 

One of our Bangkok beauties wanted to show her sympathy, so she went up to visit the wounded 
soldiers fighting for the freedom of Thailand. She spoke softly: "Corporal, where were you hurt?" 
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FIGURE 18 
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And the corporal would say, "My arm was shot." She bent over and kissed the arm. Then she 

walked over to a sergeant who was dying to see her, gni said "Where were you hurt?" He said "Oh 

my beauty, I was bitten by a communist on my lips." Do you ihinic she would 'oesul tiuwn ant: ;aim 

his lips? wasn't told. 

 

       

Now, I want to speak of one more important activity before I come to my conclusion, and that 

I. about the Military Research and Development Center, of which I am the commander, as Dr. 

Herzfeld has already said. It is a unique Thai-Allied operation. We have, of course, Americans 

as the main influence, and we have the UK officers, and four Australians think two or three are 

in the whence), It is a joint operation. We try our best to research and develop so as to melte 

our fighting units of the armed forces most efficient, to defend our country. Whatever information 

we collect, we share, and through the complete cooperation of Dr. Herzfeld and General Timms', 

I dare say, we get very good officers and men to work with us. We have combat equipments, whioh 

we are Very proud of, and we have developed dry rice, whkh is, I think, called Minute Rice in 

America. This is a good ration for fighting the guerillas because to prepare It you just pour hot 

water over it. Even curry, which is a popular Thai dish, is dehydrated, and, after you add hot 

water, it is ready to serve. So you can fight and eat at the same time. These are examples of 

MRDC developments. 

There are many other projects in the fields of communications, mobility, tuid surveillance. I 

would like to emphasize surveillance because there are many of the surveillance people in the audi-

ence. For example, The University of Michigan infrared scanner will help us find where the Com-

munists do their cooking. We take a picture of the fire in the forest where they are supposed to be 

and then we can Locate them more easily or more exactly. Then we have environment jungle sur-

vival, and we have research analysis, and the air division. As I said before, I am grateful to Dr. 
Herzfeld and General Timms for sending the good scientists and officers to work for me at 
MRDC; and they are working very hard. If you don't believe me, look al 

(b)(6) 
He worked 

so hard that he lost weight. Not only that, look at (b)(6) He worked so hard that he lost 
his hair. 

My main point is that there exists Communist insurgency in Thailand, and that the Thai Govern-
ment is trying hard to counter the insurgency, by passive and active methods. We are doing our 
best. Of course, I want to assure you, it is not an daturemls as I pake it sound. Bangkok is still 
quite safe, so cafe that (b)(6) 

has se (11 to Bangkok. 
So you are all invited to visit; it is still quite safe, but of course, in the Nor east we still have 
ambushes, and shooting as well. 

Before I end my speech, I wish to read you a little newspaper article that I brought for Dr. 
(b)(6) Herzfeld. ft is a report on the visit of (b)(6) 

(b)(6) 
11 

and Dr. Herzfeld to 

and also he leader of all the counterinsurgency in 
Thailand. Here it is: 
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DAWHE TELLS U. 8. COUNTERPART OF 
LAG IN U. P. AID DELIVERY 

Military assistance to Thailand from the United States, 
di_t_sn the program reached, is far toe 

slow and may 4-9-v704i-6.7 1ov rale rd-edWI/Tettile-tttlittlrftrttest----

 

will arise, Air 0.lef Marshal Dawes Chulsap reportedly 
told Mi. William Foster, Deputy Chief of the U. S. Defense 
Department, yesterday. 

Highly reliable sources said that Marshal Dews*, 
Deputy Minister of Defense, and Chief of Staff of Supreme 
Command, told Mr. Poster that if Thailand should fall to 
the Communists the U. S. will have to spend several thou-
sand million dollars to liberate Thailand and the rest of 
Southeast Asia. 

Mr. Foster tfl his turn was reported to have asked Mar.; 
shal Dawee the reasons for the delays In executing the aid 
agreement. He noted down Marshal Dawee's explanations 
and expressed his surprise that there are delays of not 
less ttuut six months in the execution of the agreement, the 
sources said. 

Mr. Foster ensured Marshal blame that the U. S. re.• 
laiZ03 the importance of Thailand as a bastion of the Free 
World and promised that he would do his beet to accelerate 
the execution of the agreement. 

Earlier the two discussed the war in South Vietnam and 
the Communist terrorist activity in Thailand in the context 
of the general situation in Southeast Asia. 

In conclusion, may I assure you that I, personally, am grateful for all your help, way back 

from the beginning of my education. This is the first time in many years that I have been able to 

deliver an expression of my gratitude to such a distinguished audience. Such aid is very beneficial; 

whatever help you give us is put to good use. With your support and with your acceleration of the 

needed materials I am sure we can hold Southeast Asia as a bastion of the Free World. 

Thank you. 
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In June 1957 with a BS degree (cum laude) and joined the Air Force's 
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Reconnaissance is a prime source of intellivence to support counterinsurgency 

operations. Modern technology has and is providino a vast array of sensor systems 

that car be applied to the problems of detecting the insurgent or indications of 

his activities. The problem of judicious application of these systems to various 

levels of counterinsurgent warfare has been the subject of extensive Rome Air 

Development Center programs since 1960. This paper discusses a number of sensors 

and concepts we have evaluated or evolved during this period and presents the 

significant results and trends that have emerged. Evaluations range from laser 

scanners, forward looking infrared IFLIR), and foliage penetration radar 

(FOPEN SLRI flown over simulated targets at Eglin to advanced infrared (TR) and 

photographic systems flown in Thailand under the ARPA sponsored AMPIRT program. 

Observations from U. S. experience in South Vietnam are inc.uded to substantiate 

test resul's. 

Several distinct applications of reconnaissance have emerged to date and 

development of exploitation techniques for these are discussed. First sensors 

contributing to background information used in conjunction with collateral intelli-

gence from sources such as agent and interrogation report's are considered fo:lowed 

by discussion of those providing detection capability for timely action. The 

inierrelation between these aspects of reconnaissance end timeliness problem is 

presented. 

$0TE;  For administrative reasons some of the figures presented during the CIRADS 
conference have been deleted. 
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ANTRODUCTIOR 

The United States is assisting a number of nations from South America to 

Southeast Asia in dealing with he problems of insurgent movements. One aspect 

of this aid is to improve the al/001~m of ternal security or military 

forces in countering insurgent activity ranging from poorly organized quasi bandit 

groups to highly efficient units armed end supported from external sources. A key 

element in any successful counterinsurgency operation ie accurate and timely intel-

ligence. Aerial reconnoissance is en importsnt source of this information. While 

modern technology has provided a medrid of sensors with potentie for vastly 

improved detection and identification of ihsur3ent forces, much remains to be done 

in applying these techniques to practical poerations. The current reconnaissance 

inventory ranges from the human eye to all-weather foliage penetration radar. 

During ti,o past Bevel' years, Rome Air Development Center has conducted dozens of 

the evaluation and teat programs to determine the potential of many neWly developed 

and existing reconnaissance systems. These tests have been conducted in environ-

ments ranging from Camp Drum, New York and Eclin, Florida to 1,ailand end Ssu:h 

Vietnam. Flights have been 'rade under every conceivable weather condition over 

targets ranging from vehicles and camp fires to personne and individual weapons. 

What has emerged is aclearer piC'ure what can be accomplished through astote 

aoplicotion of this technology but 'here remains a mide margin between theory and 

prac'ice. 

AtCONNAISSANCLOPERAJIONS  

In order to apply aerie reconnaissance to the problem of finding the in-

surgent, his camps, supplies and works requires ca-.fu planning of mission sequence. 

Figure 1 illustrates three levels of reconnaissance ranging frow area coverage for 

background studios and intelligence to selected spot coverage for reel tire direc-

tion of strike o;ora'ions. Initially, area coverage is prina.ily planned and 

analyzed at the harassed country's national level. This imagery will be used to 

produce background maps, etudifte of infiltration routes, location of possible 

training camps and staging area to likely spots for ambush and sabotage. 

In addition, it may be necessary to obtain reconnaissence of 
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neighboring countries to determine infiltration routes and sanctuaries in cases 

the insurgent movement has external Support. The crux of the problem in these 

operations is that much of the time the insurgent is indistinguishable from his 

71011 US Gil tient . Th iS, r no ref Zrv;—tY4'cergrrrtz.'"rrtVrr-rcn—ror-trst-zITvr-:..-r -rtr------- " -

 

activities or observe during active operations. The second phase of our recon-

naissance is to provide operational intelligence for military or security forces. 

Whereas background studies may be days or months old, this information should 

normally be current within a metter of hours. Acquisition of this reconnaissance 
I - 

covers much more specific *rails, isolated on the basis of known insurgent con-

 

centrations or planned government operations. In SORO incidents the information 

derived from this reconnaissance allows government forces to anticipate projected 

insurgent operations. For example, photographic detections of intrenchment 

activity along the highway may be indicative of the forthcoming ambush. This type 

of reconneiesance allows us to keep an up to date order of battle of the insurgent. 

The final level covers a very limited area with the intent of finding insurgent 

actively engaged in operations. Since it is common practice to conduct the opera-

tions under the cover of darkness, inclement weather end foliage it is frequently 

necessary to predetermine action on the basis of detection indicators. Because 

positive identification from high resolution sensors is not compatible with many 

phases of insurgent activity, pro-decision to strike on the basis of thermal in-

dicators or changes in deployment of metallic objects may be necessary. Since 

coverage of this nature has been carefully et-Penned it is sometimes possible 

to isolate the insurgent from normal ac'ivity. Movement of water traffic aP . er 

curfew in parts of South Vietnam is an example of this. Figure 2 summarizes 'Ire ,: 

categories of intelligence and tile current and projec'ed sensors expected 'o pro-

vide them. It should be poted that come of the censors, such es the FOPEN radar 

system, require a great deal of sophisticated equipment and will not be compatible 

with U. S. assistance coverty provided underdeveloped nations. In all cases it 

becomes obvious our success in finding the insurgent is highly dependent on 

observers or interpreters thoroughly familiar with the area, his tactics and 

patterns of activities. Figure 3 outlines general characteristics oF a number of 

sensors for mission planning purposes. While we have omitted high resolution 

photography it is obviously the prime reconnaissance source for backgrounc studies. 

In this case, we can afford to wait for photographically clear days since the in-
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formation we seek will be fairly stable. Looking at the table it is obvious that 

ste prnvid.. . t:t luitk!'; end I: fr44uselly sithlirgti 

to as a mapping system. However, in fact there are few cases where the mapping 

di;11-11 ob77117Wele from SLR is not much more effectively obtained through high 

resolution photography. Since rivert, road pattern. end cultural features derived 

from SLR imager,: don't vary it is better to wait for photography which  adds the 

additional features of vegetation and detail on route condition, buildings, ate. 

The true merit of SLR is as en activity indicator during night and inclement 

weather conditions. A pair of passes with the AP0.102 SLR system at 3S,000 to 

S0,000 feet can cover several different roads and coastal regions. Comparative 

coverage may allow detection of route traffic such se trucks and Coastal and 

river vessels down to the size of sampans. This information can be available 

within two and a half hours from time over target. Another system the Army APS-54 

SLR using MITI allows detection of vehicle and water traffic movement on an inflight 

basis. The FOPEN SLR development will eventually extend the EEI's from trucks and 

water traffic in the open down to individual weapons hidden under fairly Seneca 

foliage. This sensor flown in an aircraft with sufficient space for inflight dis-

play using comparaiive coverage techniques will be a tremendous step in cutting 

the insurgent's advantage of hidden deployment and surprize attack. 

During the last four years, we have conducted and sponsored studies to define 

how background intelligence end area knowledge will improve bcth the mission 

planning and exploitation functions. AS was obvious from Figure 3 we have at our 

dispose: a wide range of sensors wi•ft associated el'itude and ares coverage 

constraints. Figure 4 shows sequen'ial infrared Coverage over parr cf Tay hint-

province in South Vietnam. The ims9ery ir the center Semple contained over 20 

small fires that went undetected during initial screening. Decision to carefully 

interprets imagery covering this area was based on is being a known infiltretion 

route of men and supplies entering from Cambodia. Tnrougn the use of photographic 

coverage end interrogation reports various routes 'hough Tay Ninh province have 

become fairly well defined. Therefore, it became a matter of looking at key points 

where Vietcong and logistic uni's might establish transient rest camps. This 

illustration shows how background studies can lead to timely intelligence. From 

the detection of these fires it was estimated a unit of 200 to 320 men was moving 
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into the province. Since in some areas infiltration rates can also oat estimated 

the next step would be to plan spot 1:LIR coverage over possible rest cites on the 

toliowing evening, tne aircraft commander being given permission to cell in sir or 

artillery strikes. 

Figure S is an example of detailed area studies specifically oriented to the 

problem of mis,ian planning. In this case we have broken a region down by those 

features that will obscure or hamper detection of insurgent activity to veriOuS 

sensors. The intent of this type of analysis is to predict detection probability 

end inc.sese effectiveness from regions covered. It is obvious the final flight 

profile will be selected on the basis of both the background intelligence end the 

physical features effecting sensing of desired information elements. The camps 

during period of meal preperstion are highly susceptible to infrared detection. 

In some cases, however, extremely dense foliage, multileyer forest canopy end fire 

diecipline will preclude this snurcal of intelligence. Where the insurgent are 

carrying radar reflective objects such as mortars, rifles and machine guns or using 

bicycles an ox carts for transportation some degree of detection is anticipated 

with the foliage penetration radar aystem. The time of overflight would be 

planned to coincide with anticipated insurgent deployment compatible with sensor 

and background characteristics. In the case of infrared detection we would 

attempt to achieve maximum contrast of thermal indica.ors. Since infrared anc 

various real time systems cover limited areas czreful selection of flight paths 

is en important prerequisite for success. In he case of SLR systems caoable of 

covering iterally thousands of square miles per hour, background analysis of tlis 

sort is noceennry to d-aw the interpreter's attention to region.; of probable 

a c tivity. S;30 our studies have demonstrated that where detection is acCorn'ist.. 

on the basis of thermal or -ader returns insurgent activity is only distinguishable 

from normal background in select regions. Fairly large Vietcong unit , for ex—

ample, can be assimilated in villages with relatively undetectable changes in 

thermal or radar returns. The reaction of vil'agers to an observation aircraft 0, 

chang's in their activity pattern may be detected visual :y by a man 'herougi-Hy 

familier with the region. 

While buildup of area knowledge is critics to exploiting Ire vast potentia. 

of our sensing technology for coun'erineurgency operations it has often 'taken 

years to accumulate in practice. A;though the U. S. has been operating in 
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!not coer:ry iS extremely limited. In the future ee tope to be able to provide 

at least preliminary intormation of this nature along with initial deployment ot 

our reeonneisiience systems, whether they era operated by indipeneua foreea or our 

Own military organization. 

On I April lebb Rome Air Development Center was assigned responsibility for 

development of Air Force interpretation keys. We plan to develol. keys in the 

future that aill aid the reconneicSanett cycle from mission planning through 

interpretation, whether it be in a fixed facility or at on inflight diselay unit. 

MCONNAIS3ANCE EVALUATI91 

The wide variety cf new sensors that can be used in acquiring intelligence 

to conduct counterinsurgency warfare has resulted in numerous test and evaluation 

programs. In setting up these efforts we have attempted to establish the elements 

of information most appropriate for the sensor considered. Therefore. during :he 

course of the field evaluations "targets" have ranged from fairly stable trail 

patterns to highly perishable objects like personnel and moving vehicles. 

In order to achieve realistic results, sit:'ations are simulated by dep:oying 

targets in environments closely approaching those expected operationally. One or 

several aircraft carrying the rinser& to be evaluated syoteratinal:y make passes 

over the target arrays varying parameters such as altitude, offset, and time of 

day. In order to conduct significant tests representing repetitive coverage 

patterns are frequently varied in a realistic sequence. For exar'p'e, as part of 

one test at Eglin we se up a series of frozen target arrays Fret represent 

various stages of Vietcong ambush preparation. Each array is held fixed until we 

have acquired the desired test imagery and then redeployed into the next step. 

A number of our evaluation programs have collected physical data such as 

weather observations and radiometric measurements to allow detailed ana:yois of 

why targets were or weren't imaged end appear as they did. We have found these 

measurements most useful in evaluating reconnaissance systems high;y sensitive 

to background variations, such as infrared scanners. 
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• ge of forgets defect•d, identified, and number of false alarms. Frequently In it 

dd it compiled as a function of eltitude or other aoliaotion paramatera. Ac-

quiring an adequate number of skilled interpreters to terve as subjects is alweys 

e problem since a fairly large sample ii required to assure we era evaluating 

Sensing variations not interpreters. 

The first serious program directed toward problems of counterinsurgency re-

cornoisaance vas TROP/CAM, accompliuhed during the fall of 141a2. This was a 

program to evalusts a number of sensors UR, SLR, and multiband spectral 

photography) through flights over the Ouajatace Forest of Puerto Rico. This 448 

one of the few programa thet included major effort toward evaluating the type of 

background detail derivable from various types of reconnaissance imagery. A 

Portion of the Guaiateca Forest was imaged extensively and ground checked for 

such details as trails, campsites, and observation points. In addition, more 

perishable targets (campfires, etc.) repreeentative of operational intellinencs 

ware covered. The effort demonstrated the potential of night infrared reconnais-

sance in detecting camouflaged thermal activity and applications of color, 

camouflage detection, and spectrally filtered photography for terrain detail 

supporting area studies. 

I 

As a result of the TROPICAN program the Advanced Research Projects Agency 

(ARPA) sponsored am extensive effort to develop multispectral infrared and photo-

grapnic reconnaissance techniques through flights over target arrays in various 

carts of Thailand. Flights for this program, kncwn as ANPIRT, covered aimu'ated 

guarrira ectivitiea in background ranging from heavy forest to a canal site. An 

Air Force C-47 was equipped with two infrared scanners and seventeen cameras. 

Twelve uf the cameras wort matched 70mm systems allowing aimulteneou4 collection 

of narrow band spectrally filtered photography along with color films. Another 

bank of four 70mm cameras and a panoramic system turned in the direction of 

flight allowed systematic variations in scale and aspect angle. The photographic 

pert of the AMP/RI program was accomplished by Cornell Aeronautical Laboratory 

and the infrared portion by the University of Michigan. 
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ion of stereo and non-Stareo For these functions. Al can be readily seen there 

is a significant advantage in favor of color. While the targets used during this 

test were representative of operational or reel time in*elligence needs, 8 major 

advantage would be in deriving background intelligence. Although For these 

targets there was no eignificent difference between stereo and non-stereo, we 

believe there will be for such functions as determining trail  patterns and 

probable campsites. 

From the infrared aspects of AMPIRT we determined significant °Wet/0nel 

intelligence can be derived on targets down to the site of personnel end animals. 

While "blindfold" tests have not been accomplished to date, preliminary results 

indicate spatial resolution is e critical parameter. For detecting and in some 

cases identifying the necessary elements of informations we believe resolutions 

of one milliradian or better are required. Another aspect being investigated 

Further as a result of AMPIRT is the use of magnetic tape recording to increase 

dynamic range of the imagery for selected purposes. Whether the additional com-

plexity of ground display equipment will be justified operationally remains to 

be determined. 

Detailed analysis of both the photographic and infrared iregery collected 

during AMPIRT is continuing at Cornell Aeronautical Laboratory and the University 

of Michigan. In addition, Rome Air Development Center will extend the preliminary 

blindfold tests eva:uating color to include infrared alone and in conjunction 

with background photography. 

Since much of the insurgents activity is conducted under cover of darkness 

a numbcr of our efforts are devoted to evaluating night sensors. During I5h4 we 

completed a series of tests under project RODEO. These flights were made at 

Eglin over ia.iets ranging from vehicles to minnecluins eimulu:InG r e:sere01. 

Figure 7, shows the sensors evaluated during this program. The RODt0 effort included 

the first LASER scanner. Figures 8 and e show detection and identification 

accuracy Summaries based on extensive blindfold tests with twelve experienced 

interpreters. Considering the LASER flew for the first time during this program 
the results were extremely encouraging. 
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Color Vs PAndirOmatic  1De!ectioft Comp:4 1 4014)W 

Evaluations 

 

Study I Stud . II Study III  

Mono 
Stereo mono Mono 

Color (Ektachrome) 19.5% 17.1% 53.6% 55.0% 

CD - (H-8443) 

   

53.0% 

Plus - X 15.4% 16.4% 33.2% 31.0% 
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Another area to which we hev devoted extensive effort is the mV 

display for near real time intelligence. For example, under the RED SEA I and 

i, n  

RED DEA II programs we evaluated two forward looking infrared (FLIF) systems for 

detection of guerrilla activity. Although these systams demonstrated great 

promise, further development, particularly to improve spatial resolution was 

necessary (Sr reliable use at operationally realiatic altitudes. 

Unquestionably on. of the difficult problems from the standpoint o,  recon-

naissance is the insurgents use of heavy foliage to camouflage hie ectivitiee. 

For several years we have been working with a low frequency coherent SLR eyatem 

for this purpose. Experimental flights with the PIPSQUEAK (developed for the 

Air Force Avionics Laboratory by Conductronl have dernonstreted the ability to 

detect trucks, mortars, and machine guns undsr fairly heavy vegetation. Until 

recently the question of fills: alarm, from the SLR imagery, 'Which we believe is 

usable only through comparative coverege or change detection techniques, wes 

presumed to be a severe limitation. However, Rome Air Development Center blind-

fold tests just completed indicate detection completeness of b3S with an accuracy 

of approximately SCS. This means there was approximately one false target for 

each rear one. Considering the LW/SLR penetrates both weather and certain 

amounts of foliage cover these percentages ere highly encouraging altlough we 

would expect them to be considerably lower
.
 operationally. Intereatingly most 

false targets were reported after the interpreters finished noting the actual 

cries, a result conaietent with tests run by the Army Personnel Research Office 

on photogrrphy. 

The folrow-on development to PIPSQUEAK is the FOPEN LW/SLR currently being 

teated over !'arget arrays a' Eylin APB. ProOlems of debugging the sensor have 

precluded blindfold tests to date. However, this and follow-on developments 

should significantly cut into the insurgents use of weather and foliage to mask 

his activities. 

The above elected summaries have been illustrative of the' vast  amount of 

experience being accumulated with the intelligence potential of reconnaissance 

sensor technology. In addition Rosa Air Development Center is actively engaged 

in determining the proh!ems of utilizing these systems operationally. We invite 

those having appropriate clearances and need-to-knowto make use of this wealth of 

dote. Inquiries should be addressed to: 
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Rome Air Development Confer 

ATTN: DIM - Reconnaissance Date Base 

C,..1:;14. AP; h7 ii444 

CONCLUSIow 

Six year* of active application of reconnaissance technology to the problems of 

counterinsurgent warfore finds us making Some inroads into the insurgent's refuge 

of night, inclement weather and camouflage. Infrared operations in South Vietnam 

have been Sufficiently avccessf u l (but unforturnetely generally known) to result 

in Vietcong procedures to introduce measures of fire discipline. The next round 

of information elements currently being defined is based on a steadily increasing 

knowledge of their tactics and habit. combined with vastely improved infrared 

scanners and recording equipment. Dy the and of the year we expect the currant 

5-6 milliredian systems will be supplemented by an order of magnitude improvement 

in resolution and dynamic range. 

The low frequency side looking radars capable of detectior, of insurgent deplcy-

manta through a certein amount of foliage is at least a year from operational 

deployment in spite of increasing use of weather and vegetation to camouflage 

activities. 

Major steps are being taken to improve the quality and timeliness of intelli-

gence derived from our existing reconnaissance sensors by improved training end 

organization of interpreters. Establishment of area specialists  skilled in the 

exploitation of new sensing technology is in its infancy and in South Vietnam the 

combining of U. S. - Vietnamese interpretation talent to produce background and 

operational intelligence hos just begun. 

We are beginning to gain experience in training personnel from under developed 

allies to operate some advanced forms of reconneiosence sensors such as infrared 

scanners. How for this can be carried under circumstancee where skilled U. S. 

technicians must remain in the beckground is an open qLestion. U. S. involvement 

in South Vietnam has reached a level 4f technological sophistication that frequently 

requires the assistance of highly skilled contractor technicians. Application of 

complex techniques and equipment to situations where our presense is strictly 

advisory or covert will be limited, 
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Finally, wo find the situation in florist reconnaissance oporalions today 

much tho some as existod o decade ago. Our prim. tours, of operational and 

background intelligence being tho castor* ladmittodly considerably improved) and 

for near real time the human eyes. Technology has and is producing a vast array 

of new ••••• re, but aueoessfu/ devaleretent of exploitation techniques and opera-

 

tional doctrine lies ahead. By combining our vest wealth of teChnOlogical 

knowledge with our growing reservoir of Operational toxperionce the reconnoissance 

contribution tO Successful counterinsurgancy Operations will improve immensoly. 

• 
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Reconnoissance Techniques to Support Feb 1964 

Counterinturgency Operations 

(Project TROPICAN) SECRET report. 

ARPA Multibend Photographic and March lellob 

Infrared Reconnaissance Met 

(Project ANPIRT) CONFIDENTIAL interim 

report 

• •- - -- • 

University of Michigan Interim Report on Infrared Aspects 

of the ARPA Nultibend Photogrephic 

end Infrared Reconnaissance Teets 

(Project AMPIRT) CONFIDENTIAL 

report. 

May 1966 

Rome Air Development Center Reconnaissance Color Research 

CONFIDENTIAL report, published 

internally by RADC (EMIRC1. 

Rome Air Development Canter Image Evaluation of Night Sensor 

Reconnaissance Systems (Project 

RODEO) CONFIDENTIAL report. 

Rome Air Development Center A Tectial Reconnaissance Evaluation 

of the Forward Looking Infrared 

System (Project RED SEA I) SECRET 

report, published internally 

RADC IENIRC). 

May 1966 

April 1465 

Sep 19LS 

A Tactical Reconnaissance Evaluation 

of Forward Looking Infrared System 

(Project RED SEA II) SECRET report, 

published internally by RADC (EMIRC). 

(Project UNDERBRUSH) SECRETiN0FoRN 

report, published internally by 

RADC IEMIRC). 
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AERIAL RECONNAISSANCE IN COUNTERINSURGENCY (U) 
(  

(b)(6) 

McDonnell Aircraft Corporation 
Saint Louis, Missouri 

- ABSTRACT 
(Unolusified) 

The immediate problems confronting us in tactical aerial recommit'• 
since are examined, puticultrly an they are embodied in the employment 
of the RF-4C. The environment of couttrinsureency is defined, and the 
interactions between this environment and reconnaissance vehicles, equip• 
runts, and doctrine ire discussed. The principal thesis is that the urgency 
of the situation demands that in immediate search be initiated for new 
doctrines and new techniques. Such methods can provide the most imme-
diate improvement in operations and should be given an equally high pri-
ority with the longer ranged development of new equipments. 

To achieve this goal, it is proposed that the Reconnaissance 
gence Cycle be viewed a4 a total system and that the techniques of system 
analysis and system engineering be applied in the search for solutions. 
Illustrative examples of the potential success from such an approach are 
cited from recent McDonnell involvement in South Vietnam. 

This presentation will concern itself with tactical aerial reconnaissance in a counterinsurgency environment. These 

data have been derived from the author's military, industrial and recent Vietnamese operational experience at Tan Son Nhut 

with the former 2nd Air Division. The information will be primarily directed to the problems of optimizing the application 

of present recnenaissance systems and secondarily to areas for future development that this experience has highlighted. 

Problems of counterinsurgency reconnaissance operations in S.E. Asia including reconnaissance sensor effectiveness, 

tenets, training, maps, weather factors, navigation and communications will be discussed. The comments on Southeast 

Asian activity and reconnaissance in general are primarily based on RF-4C operational employment. The central 

thesis of this presentation is the extreme urgency of the problem and the need for a new look from a fresh point of view. 

Revolutionary, exotic devices can, in theory, solve the problems completely, but the war is already underway. Equally to 

be desired with new hardware, new weapon and reconnaissance systems, are more effective ways of employing the hard-

ware we already have. If new techniques, new procedires can be developed to utilize equipment already in the field, they 

will be the more welcome because of the inherent speed with which new ideas can be communicated as opposed to the long 

lead time required to produce new equipment. (U) 

It is axiomatic that the nature of the war directly inflnences the variety of intelligence data that aerial reconnaissance 

must collect. In the contemporary world, the types of war that are existent or possible very from what the Communists call 

"wars of national liberation" which we call insurgencies through larger wars involving a limited area hut using the full 
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anstueentarium of 'extern conventional arms and tactics to gentle' or total war. The wars that have been most numerous 

sines WW a have been the insurgencies such as those mow going on in 3.E. Asia and the recent Congo episode. With so 

many 'totemic, educational, and political prchlemo manifest among the large group ot newly emerging nations. it seems 

reasonable to expect that these iestrgencies will continue to occur and to increase in number. (U) 

A Modest ninon with world-wide responsibilities most he mewed with reconnaissance vehicles and teclutiques that 

can survive and operate effectively throoghout the entire spectrum at war in any enviroomeat from general war to counter-

inenrgenoy. These vehicles must be equipped with reconnaissance sensors that can collect the required intelligence coo-

certain( the misty during such conflicts. Such sensors must be able to operate effectively both day and night, and some 

must work in bad weather. (U) 

One of the simplest, most reliable and effective reconnaissance systems ever devised for the insurgency environment 

was used against the "pony soldiers" by the American Indians more than 100 years ago. The taste components of this 

system consisted of a sharp pair of "MARK-1" eyeballs Daunted in a low maintenance Indian located on a high pieco of 

grosod and equipped with a wet blanket and a smoking fire. This "clear air mass" system, while primitive by today's 

students, actually hid a number of advantages over today's sophisticated collection/reporting devices. Some of the more 

obvious advantages were as follows: 

a. The Indian chiefs had unlimited confidence In the abilities of their "reconnaissance systems" and did not 

theist on validating the reported information by seeing it personally. The credibility lag that plagues us 

today had not yet been thought of. 

b. The time leg from initial detection to pointy° identification of an enemy and the reporting of same was. fin 

all practical purposes, only momentary. 

c. Should a malfunction occur within the system, a new "vehicle" was always available as a replacement. By 

replacing the entire system, both the need for preventative maintenance and highly skilled mechanics was 

elireinated.(U) 

Of course, the problem of distinguishing between the good guys and the bad was not nearly so complex for the Indian 

as it Is the us today. For the hypothetical Indian, the enemy wore blue uniforms, canted long sabers, and looked like John 

Wayne. (U) 

The primaty target in Vietnam is precisely the same as that of out 19th century Indian wars, personnel, and second-

arily his supplies and facilities. In an insurgency environment, our task is to seek and search or seek and destroy the 

armed eaemy. Far more important than the enemy real estate is the enemy himself. We mast find the enemy before we can 

engage him in Dante. This problem is the more complicated because In Vietnam, "Cheeky" looks exactly the same ab the 

friendly forces. The King of Siam's plaintive lament, "Is a puzzlement." holds equally true today as it did when the fair 

Anna first Introdsced kite to West= culture. (U) 
The economics of the post-WW U-Kores era dictated the production of several different multipurpose reconnaissance 

aircraft which were developments of bombers and fighters; e.g., RB-86, RF-101, RF-411. RF-4C, and Mohawk. In each 

case, the vehicle had been designed originally for some mission other than reconnaissance. That capability was later 

"adapted" to them with resultant trade-olls that to some extent compromised sensor performance. Until the lest year or so. 

when the evolving requirements of Vietnam became more pressing, reconnaissance systems have primarily been optimized 

for general war with the capacity for effecttve reconnaissance in lesser conflicts being secondary. Today, fortunately, 

there are indications that more attestloa is being directed toward specialised reconnaissance aircraft built around and for 

the sensors. (U) 

We have spoken briefly about how the aircraft presently being used have evolved; now let us seek some definition 

of the insurgency environment in which all such reconnaissance aircraft may operate. There are a number of factors influ-
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axing the devote/meet of lesurgencie6 arid the areas in which they are most likely to occur that have several things in 
comma: 

a. The available cups are usually inuctrate both in horizental eositionine aid la elevation. 
b.The areasof enemy operation are tinily densely forested or ot bevels* covered with heavy vegetation, cospli-

eating the problem of gatherlrg iitelliteace, 
c.The available base structine from which rescdauseance aircraft mast operate is limited in numbers and required 

support facillites introducing a great requiromeat for improviestioe and flexibility, 
d.The coommication rietwock is usually sperms antiquated, unreliable, and hopelessly overloaded, 

e. The weather is usually tropical with the atteudant operational flying difficulties and aircrift and sensor maims-

name problems, and 

f . Tie areas 0( 111.17 warfare are alteast always several thousand miles away from U.S. bases and usually have peer 

to comet/Ken transpertatioa netts. (U) 

S.C. Asia bas provided the moss vitreous test ot tactical aerie, recormaissanct since Korea, with the possible excep-

tion of tine Citon Crisis of 1082. The targets in Sooth Vietnam hive been made more dilficult to image with any riven 

sensor by the very native of guerrilla warfare. An expression of the difficulty of pbotograpking the Viet Cons was recently 

given by Mr. McNamara when ho said. "h is much easier for U3 to photegraoh liars than it is to photograph the Viet Con," 

The enemy is normally so diffused among friendly activities that positive target identification as an enemy Is very seldom 

possible from the interpretation of the sensor imagery alorte.(U) 

Collateral intelligence data must be used in conjunction with the imagery before an evaluation of friend or foe can val. 

idly be made; e.g., agent repots, defectors, villagets. time.place relationships, change comparisons, etc. In Laos, tee 

enemy modus operandi is the more confusing in that be utilizes guerrilla techniques as well as those of a more conven. 

titmal war. The enemy hides his movements and equipmest. for example, camouflagleg roads and trails in the Laotian "pan. 

handle" along the North Vietnam to South Vietnam supply routes to prevent visual and photo observation. He also operates.. 

In areis he controls completely, as in the Plain of Jars area in Northeastern Laos. The extensive air and ground defenses 

of this area with its airfields. headquarters and supply installations Is an example of the relatively open areas and target 

systems representative of the usual concept of Limited War and only occasionally that of counterinsurreecy.bk 

The targets representing the enemy in counterinsurgency are basically the same everywhere. The backgrounds and 

cover vary, but the targets remain about the same; i.e., small groups of people and their weapons. The locales in which 

they are found depend on the time of day. the stage of guerrilla warfare in which they are fighting. and the season of the 

year. The enemy may be found from the deep rain forest to the city streets; from the rice paddy to a sampan along the coast: 

or in a camouflaged, fortified defensive position with 3/ cum AA guns, recoilless rifles. 105 tam pack howitzers, 81nne mot. 

tars, heavy machine guns all surrotmded by it mine field. He may be living In the open with fall military regalia in the areas 

he cuticle such as in much of Laos, or be may fight from cancelled pop-up sniper holes which may be connected to an es-

 

ti 
teosive tunnel system. The enemy seldom possesses aircraft, though his "neighbors" sometimes supply him with trans. 

ports In some areas; e.g., northern Laos. the Congo. Rail and road interdiction type targets are usually limited to those 
7, systems whieh provide the insurgent with his external source of sapply.N 

The tropical rainy season favors the enemy in that it provides him arlditioral cover from our aerial reconnaissance. lhe 

enemy can operate more in the daytime and in the open without feat of discovery. (U) 
Aerial reconnaissance in Southeast Asia has had its successes, its partial successes and as (Ulmer, bit the enemy 

is being found, sad be is being attacked, 'Arotigb use of aerial reconnaissance. IR, Side•Looking Radar (SLR), and optical 

photo sensors are all being used. IR is the primary and n.ost effective sense( being used in South Vietnam because of the 

way the enemy cooks his food and his lick of discipline when pine about it. These creaking fires are fowl by IR tech-
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ogees, whether hidden in deep Ails, in the open, or on mall sampans on the rivers and carats. Succeseful air attacks, 

artillery strikes. and ground sweep and clear militias are made daily, based on IR reconnals aance. 

The SLR is used primarily fa tied* samosas led busks brasidat tto.nd 

cruet. A complete SLR mosaic bet also been nun of Soeth Vietatm and the Lainttha "puthruolls." Tbe high geometric 

fidelity (1.8s) of the ar—c su mashies SAC B-6,11 radii bombardiers to find Nar9 settabie reset attire points on Ltotc 

mosaics fa bombing the jangle-covered enemy owe accurately then pteseot maps allow. 11 is regularly teed almakane-

oualy

 

with the SLR on coastal cede, surveillance as a meths of 'stair( levels of activity along Use shore with Nombers 

of Intatetan breaking cities isi that area. Snob 4ata enable the Navy to better employ ovetextemied meager tot  cea.'014 

Optical photography is being used both day and night (ca targeting open areas and fa bomb damage assessment, but 

the mictoraal and camouflaged nature of the enemy versa:es rakes the enemy more difficult to Mel than with IR.(11), 

Osneralty, tide is the reconithissume situation confronting us, tad the sensors that 115 beta; used. improvements in 

ow claimant amid Its application usually come frail in examination of the problems that mut. Let's begin the examine. 

llos. (U) 

The Reconnaissance Intelligence Cycle in ILE, Asti is plagued with a somber of ploblegis in current operation. It is 

reasonable to assume that S.E. ACAS appellate us analogous to other counterinsurgency erriironinents. The elapsed time 

between the initial requests for recoanuisaance and the delivery of the data to he requestor at worst requires days and at 

beat too many boors. So "Charley" often goes on his way noticed, but unharmed. This inuoduces a number of factas, some 

of which are at least partially solvable by more effective use of people and equipment; i.e., better procederes, better train. 

ing, more understanding on the part of the reconnaissance requester of what is poosible. Other so/Miens trill require ire-

proved sensors, communications, and especially improved techniques. 

Due LO the isexpected acceleration and expeasioe of the U.S. coemioneet in Viataltal LW year, the Air Force de-

ployed the 16th EtF-4C squadron far ahead ci cnedule. This early deployment left insofficient time for coepletion of the 

pleated training cycle for staff, flight crews, and seascr maintenance peneannel. Valuing was further hiumpered by the lack 

of data ia the field concerning what intelligence it is possible to derive from IR and SLR sensors, as well as the best ways 

to fly the sensors to gather the desired intelligence. Tie Services have been conducting a aumber of multieensor tests on 

tactical targets during the thet few years, but apparently little of the newly developed data on the uses of IR and SLR have 

been disseminated to operational wilts. Industry has also conducted controlled sensor tests both contractually and with 

company funding. These tests have developed meaningful data on sensor adjustments and flight techniques fa more offer' 

tively imaging targets, some of which have been communicated to the staffs and units in the field. McDonnell's RF-4C 

Mulusensor Reconnaissance tem. Project IRIS, is one ezemple of soch a eompany funded effort. This effort consisted of: 

a. A simultaneous multisensor flight test and imagery interpretation program on simulated Vietnamese type tactical 

targets with outputs in the faun of weals. One:anal was fa staff planners, one for imagery Interpreters, and 

on. fa sensor maestri:lame men. 

b. Seeding the writer, who devised and conducted the test, to Vietnam with the RF-4C squadron to aid staff planners 

and squadron persoonel whenever possible In plumed and accomplishing their enesions.N, 

Tbe Air Force, realizing that there was a gap in the knowledge of the sensor maintenance men, purchased a six-meth 

contractual package of cDonnell, Goodyear, and Texas Instruments engineers to go to Vietnam to help maintain IM sen-

sors and to conduct OJT. (U) 

The combination or  these company landed and Air Face contracted programs was a deliberate attempt by a company 

and a Service to bring more of the etatiocrOthe•an to the man in the field. Now let's look at these problems in more detail, 

and perhaps they may point es toward some nolutioes. In the ReC01111&15liaaC8 Intelligence Cycle, the request Procedure 

self Is reasonably simple aid effective so long as the requestot =demands the capabilities and limitatimis of the recoil-
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naleuace &gun:meat and communications work. It is in responding to a request that the system slows -own. The staff 
planning for filling the requests ma aoffeeed from a lack of uderstandleg of what intetlIgence the IR and SLR seams 
could gather. and the beat molt profiles regrind to Whet it. This knowledge pp is gradually being filled throb tape* 
ence. It is vitally important that lessons learned from operational field espetteece be passed on to replacements as the 
opportunity to acquire this knowledge is extremely Rained outside the combat srea,Itia, 

The flight crews of new Indusensee recontussance &titian have bees hampered by i lack of andeestareling of, and 
training foe, the Out way to fly their aircraft to collect the required imellipece with IR and SLR. MI 

The sensor maintenance personnel apparently have had no chuce to learn the thuarrelettortelims of settings of the 
various Component parts of IR and SLR as they affect the manner in which these SeWitte tune the different targets and 
their varied backgrounds. Unless all of these personnel are trained to uee suds data to optimize the IR and SLR for the 
desired intelligence of the targets rested, the chain of effective retennalessece Is broken befMr it can be used. ft.k 

There are many knowledgeable men In the various research and development labOtitorles who are aware of Lad accept 
u common knowledge much unpublished data that is Meepletely Uaknown to the "outside operstionel world." These data 
can materially affect the success of operatiotal application of sensors IA the field. it seems that too often we wait until a 

"full report" can be published. An excellentexurple of loch a condition Is in the field of Ill and SLR. These sensors were 

designed to operate within specifications ("specs") that It was generally believed would enable them to collect the de-

sired intelligence on tactical tergets In yetiMe environments. Operational Application of the sensors has shown that the 

"spec" adjustments have frequently prevented, rather this enhanced. 'successful target imaging. This appears to have 

been due to an insufficient "latitude" avallible in the system to encompass all the different target/backgrceed conditioner 

that have been encountered. McDonnell, in concert with Goodyear and Texas Instruments, is presently preparthg an 

RP-4C Reconnaissance Sensor Applicationt Traiaing Program: in an attempt to par hilly alleviate this cordition. The 

program is twofold. TM first portion concerns the meparanon of a manual which will contain the essence of what we 

presently know about the bast means of collecting end extracting intelligence Iron the RF-4C LW and SLR imagery. This 

manual will deal with: mission planning for staffs and crews; Imagery interpretation techniques; and sensor adjustments 

for optimum imaging of the various targets for the maintenance men. The second pan of the program will provide a team 

composed of highly qualified engtheere and imagery interpreters. This team will take the data to the field to the staffs and 

reconnaissance organizations and work directly with them. This Is only one small effort. A regular Joanne' oust be estah• 

Imbed by al! concerned, through which current data can be passed in layman's language to the staffs, the training urgani• 

nations and field units on a timely basts:fill, 

We must train the people, staff planners, processors, and users alike, more as a total package than in bits 3rd pieces 

as we presently appear to he doing. We rust try to recognize the system implications in tie intelligence cycle and engi-

neer the systems accordingly. (Ll) 
Another area where there are problems is that of imagery interpretation. In the optical field, the only Immediate prob-

lem appears to be adequate numbers of people. equipment, and working space is all but the pan cameras where core 

training and experience are needed. In the case of IR and SLR, there is an extreme lack of underetaodirt of sensor pee' 

formance; i.e., tbe varying factors such as use of day, target and background that affect the Waging of targets, what 

iatelligence can be extracted from Use imagery, and the techniques for its extraction. In the Air Force, few service inter-

preters have laid any experience with IR arid SLR imagery. The loss in mematimal capability in thc held by rotation to 

the U.S. IS evident in this area as well. 

Another side of the coin is whit I call the "Credibility Gap" betvreeo the Commend and Staff Officers r od the ire. 

agery Interpreters. Such gape are a normal development when new equipment is introduced but is considerably amplified 

la this case. The images of targets as seen co IR and SLR imagery ore not directly intcpretablt on sight by untrained 
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people. regardless of their rank, as in the case with optical photos. Caromed es and their staffs Are most reluctant to 

accept the "lmterpretattou" ci a orofsealasal in Ibis area if tbey cum* "see" the tarter on the inmery themaolven. 

I am reminded of a similar problm is SAC before radar bomb's* became so commonplace. Until declaim makers are will-

MK to bole deollitele all sb. Pratensloml iltallteeeks raixtth, the usefulness of these sensors is neatly redmarki. It 

may be some time before this educational problem that is causing the "erredibility gap" is alleviated. (U) 

Even If we emu the  assMption that the requestors, plumes, pilots, and Wetmore all know their busintes and can 

connumicate with one another in AS acceptable time frame, then, are still remaining two other problems of nearly equal 

resitollede• These am map and reconnaissance Athlete navigational accuracy. Iii "distressing" IP a pilot to fly to the 

target toOrdinates gives in a "tor ceder, recoanolter it and return to bane, only to learn that the map was wrotig, and that 

be had not actually covered the target. It is even more "dIscoocerting" if his navigational system-itidicund he was over 

Use target and be thee discovers the navigation system wee on by several miles from the coordinates shown on a Imp illicit 

itself was erroneous. If a reconnalesaace flight Is made In daylight, a pilot Can frequently comet both the asp and his owe 

navigation by visual reference or by Permed Locking Rail: if there an enough landmarks to empate. However, there ate 

many broad expanse" of jungle lei which there are no distinguishing landmarks, and navigation  and loan &MOMy become 
sit importut;(8) 

Night flights in counterinsurgency environments are as walking in the Styglan xknsse of a deep cave due to the lack 

of city liglui, highway nets with traffic, etc. Since the enemy primarily operates at night, a large number of nicosnaiesance 

SSW:dealt must be flown intbat time frame. Navigatiosal accuracy becomes even more important under these conditions be' 

cairns there an almost no visual reference points. Op 
Most recamaissance flights in the counterinsergency environment are made at such low altitudes that rmreml high 

altitude navigation aids such as TACAN cannot be used in the target Lies. TACAN can guide you to a let-down point in a 

Eli-LoN1 profile, hut is toeless In the target area itself. Radio navigation systems arch as Loran D can provide the de-

sired positional accuracy, bet they moire several ground stations spaced over a wide area. These stations must be lo 

cued In Certall geographic reiatioaablp to one another and moat be protected from the inevitable sneak mortar or recoil-

less rifle attacks. Improvements in an inertial navigation system smelt be the most economical from the coat effectiveness 

striadpoiat because only the air bases woult. have to be protected from the sneak attacks instead of several isolated sta-

tions which are neatly impossible to defend. An inertial navigation system with a positional accuracy on the ceder of one 

nautical mile per hour of flight int or less could provide a dependable, defendable system. N provisions are made fa up-

dating the menial navigation system with a Forweni Looting Radar (FLR) In areas where landmarks are visible, even 

greater accuracies can be achieved.11,1 

The problem of map error is one that has always been mithus. In a nonial, permissive. peaceful environment, maps of 

acceptable horizontal and vertical accuracy can be made with aerial reconnaissance and ground geodetic control. In a 

cosinterinsvrgency erwironment, free access to the necessary ground areas for adequate geodetic control is denied, leaving 

one with old and incomplete geodetic data, erroneous naps, and a miss of new aerial reconaussance imagery (photo, IA, 

SLR). In time, the maps can be updated by assidams application of all available old data and the carehilly plotted opera. 

timid imagery. All insurgencies which have developed Since the word itself became so popular, have progressed at such a 

rapid rue that the ones who fight haven't the trained people, the time, space or equipment to update existing maps to re-

flect the real stated affairs. Other agencies in the CONUS could easily perform this task on an MA? basis, and thus 

tiaprcve the efficieecy of all reconnaissance and strike operations. This is the best solutioa. (U) 

An interim solution to the horizontal accuracy protlem using anent equipment might be to fly mosaics of targets and 

target areas. Flying mosaics does take more time, and the intelligence on the fleeting enemy may become less valid, but 

it nay offer some help. The relative accuracies of maps have always been established ileums through trial and error. 
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The mesimum err e" in the anal covered can be established in a reazonable Use. osake out be pleased sad flown to 

minimize map Strom. One may begin the initial flight line a distaoce equal to the rusimors map emu to one aide of the 

tariot :ail uumiiireetao 'tines a his distance tm toe opposite site a the target ANA. Tee 

probability of obtaining the desired coverage is much greater. U by chance this target area is defended by AA Images, 

tee Meld* hhe tines required ter a öUid Iloreisi 1.11* risk of Attrition. Commanders word naturally have to assess 

the value Of the data they might collect is relation to Um risks iavolved.N 

Up until now we hare been &tensing positional or horizontal map accuracy as it pertains to the target finding and 

Use repatirg problem. When vertical acciULey entail into the picture, the "apple beauties wormy" indeed. in order for ose 

to get the macessiry large scale photos needed for COIN tarpting from the RF-4C. these targets mutt be priotograpbed 

from 21:00-2600 feet, This altitude le for sight photos with flash cartridges. resins the day, flights can be made at higher 

altitodes with other cameras and still get the intelligeoce. If the usual COIN targets into he imaged on IR. one must fly 

at 1000-2000 feet. SLR CIS be flown at from 1100 to 4000 feet for WTI, a up to 60.001 feet for mappiag Arty with the 

same eftectiveness agent those few CON tweets for which it is suited. When there is oo visual reforms, pilots .cat 

117 at an altitude that will clear all terrain obstacles. This drastitally radixes the sensors' Operatiooal effectiieness. 

The reduction is due to obstacles that may face the flight altitude too high for the sensors to image the targets adequately 

for the required target intelligence to be corseted. The use of forward looking navigational and terrain fallowing radar 

(FLR) CAA redoes this prolem, but it will not be eliminated until 'he pilots become so famillu with in use that they can 

COITOCt their own maps for elevation or horizontal positioning or until the Mips are corrected by the appropriate agency. 

Lack of landmarks for reference points can make FLR nearly useless to those COIN areas covered by brad expanses of 

jurgle. In areas where there may be a landmark from which the pilot may fly a time and distance leg on a given heading to 

the target or target area, Of align himself for his various flight lines, the FLR is a raust.tk 

The FLR terrain following mode is an ideal tool for mettle's:nog an optintutn altitude for sensor operation in terrain of 

varying altitodes. In areas where the maps do sot eccurately report the presence of mountains, valleys end buttes, It is AA 

rbsolutn necessity. The effective use of the FLR in these conditions, however, does require muck practice as well as the 

complete confidence of the mew in the equipment. (U) 
Cortina RF -4C reconnalseance missions in the Laotian "panhandle" are excellent exumples of ISOLO of the problems 

of avoiding terrain while maintaining the desired altitude. The night photos and Ut ate being flows at 8500-4000 feet 

which is high enough to avoid the tops of the mountains along the flight path. Unfortunately. this altitude has usually been 

too high for the night photo or IR sensors to effectively image the vehicle traffic on supply routes from North Vietnam very 

often. As previously stated. for the best intelligence exuaction..iis nignt flash photos LA suit generally jurgle covered 

areas shoeld be flown at not more than 2000-2600 feet altuude Lad the IR at 1000 to 2000 feet. At these altitudes. If vein.

ces see imaged, they will appear at such a scale and clarity that their presence and type of activity can be easily deter-

mined. The RF-4C pilots tiled using the FLR IA Scnthern LAOS earlier this yeaLatt found SD many uncharted mountains 

that they spent most of MA WOO la violet& maneuvers weld' eueeded the stabilization limits of the sensors. This re-

mitted in unacceptable imagery. To say the :east, a raw of these rather violent "exercises" cause one to add a thousaod 

feet or no each for home, mother, wife, and children. The IR imagery secured from the 8600 to 4000 foot altitudes in Laos 

has been almost useless for anything but plating the optical photos and fa trying c update be maps. For example. the 

trucks oe the supply routes could not be resolved on the narrow tree lined and tree covered "roads" at these °vacating 

altitudes. rsk 

There is no clear suialon in the vertical map accuracy problem except to fly higher until the maps can be updated by 

local °Met or by the cap making agency.(U) 

Li 
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To sommarim, in ceder to obtain the desired intelligeoce, it is necessary to fly at certain minimum altitudes with the 

various seamen. The law flight altitudes required fat sensor effectiveness make for narrow sensor swaths. This necessi-

tate?. mat; mete fih Han:, c.,:z.r.:17.hicr. u 4., uwie greet itee. -Isios in el CULP V !KUM. Una preelem has been 

especially evklent in alv-40 l. recoluthissaace. At 8000 feet, the ground sensor swath is ouly 6900 feet. To cover& 10 

nastiest othe a 16 nattiestl atilt area reqntres 11 parallel flit lltos if nrft si4s1hp Is to be thovided. Pilots eapenenee 

great difficulty in flyirg such a mum c arid leave frsoieot open spaces between flight lines. Present Air race techniques 

call for flyieg from a known point on a time and distance leg to the beginning at the first flight line. The mosaics are usu-

ally flown at 880 knots. At the end of the tint line, based ori the time flow, the pike goes into a 46 degree bank hi a jet 

standard rats lostrualeM turn. At the connotation of the 180 degrees of turn, he begins his next line four limes over from the 

firm. At the tine completion ot this line, the pilot then initiates a jet standard rate 1118411UDNIt WM at 66 degrees angle of 

bank for a 180 degree tarn and returns ID the flies line beside the first one flown, This "race track" pauern technique 

works fairly well. It appears to wort because of the variables itiberent is the pilot's flying technique, some of which cancel 

each other. This is a oo-wind pattern, and there is always some wind. A variation of even ±1 degree in the exact Ingle of 

bask molts in a grolnd track ence c hoodrsde of feet. Attempting to begin and end each flight line at exactly the same 

time also offers some opportunity for error in track spacing. Variation's between the rate at which pilcts enter into the turns 

vary the spicing of the flight lines. Pattern accuracy is also sensitive _to vaziatioas in flight altitude.N. 

In an attempt to alleviate this difficulty. McDonnell is developing a recoanaissance flight pith steering computer. 

This computes will provide pilot steering information on the Bank Steering Bar of the RF-4C Attitude Director Indicator to 

enable predictably parallel mosaic flight paths to be flown over predesignated areas. The pilot steering information will 

crinaist of "turns to" sad "steering along" flight paths which are parallel and offset a predetermined distance from the 

adjacent flight pet1.1C 

The Computer can provide a capaillity for flying mosaics of any area up to 40 nautical miles by 40 nautical miles 

along any desired course angle from 0-380 degrees. The distance between adprent flight lines can be varied from 0-8 

ithutical miles. This range of settings can eccomracdue expected variations is sidelap, flight altitudes as they affect 

sensor effectiveness, and operational speeds, A light is used to indicate whoa en aircraft is flying a pats in the mosaic 

and a binary counter will indicate bow many of the programmed paths have beet flown. The preselected mosaic grid pattern 

'may be changed at any time during the mission to bypass unexpected enemy defenses a weather.k 

• .Titst Pe-sults indicate that a major increase in mosaic flight line accuracy for all sensors will be achieved when using 

this device. 

Thus far we have discussed the requesting and collection areas of the intelligence cycle and proposed sons solutions 

to correct prohlems. In have defined the reconnaissance requeator's need for knowledge of the potentialities of aerial 

reconnaissance sensors and for an understanding ce the problems that beset the collectors. The final critical area of the 

Reconnaissance letelligence Cycle is that of reporting. (U) 
There has been no intelligence communications net per se In Vietnam_ As a result, intelligence is frequently lost to 

all practical use because the complete reconnaissance cycle takes too long. There are delays in iequeeting; headquaners 

staffing; mission pluming and accomplishment; interpreting. and reporting. Let us address ourselves now to the problem 

of cormauxicatine the intelligence on the enemy that has been collected. Immediate Photo interpretation Reports (IPIR's). 

once composed. are sent by phone In code when lines are available and operable. IPIB's are also sent by Ten, but the 

available lima for telephone or TWA messages are few and are frequently glutted with Hartle. The last means of delivery 

are by aerial drop and by messenger on the ground, which earthily take the longest. In the writer's opinion, a separate and 

exclusive intelligence *et for request and re?crting is mandatory if the petishable data on an ever fleeting enemy are to he 

best employed.(% 
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Earlier references in this paper to the fleeting enemy in Vietruisi have not been exaggerated. The primary tactical 

target ia people, frequently on the much. If in bivouac when imaged from a reconnaissance flight, the fact that he has pos-

sibly been "sees" is stimulus enough for "Charley" to peek up and move. Obviously, the longer the interval between 

location end identification and a strike, the greater is "Charley's" opportunity to escape. To mines the time from dew-

moo to attack, some positive means of intuit Identification as friend or foe, and the greatest possible redaction of 

elapsed time between target acquisition and strike is required if the enemy is to be defeated. At ptesent, the only means of 

acceptable Identification as friend or foe from the air is etal the time-place relationship. In Vietnam, two systems ate 

used. One is the "free strike" Wt. Such areas are so designated by the Vietnamese Province Chiefs based on reports of 

their intelligence agents that only enemy forces are in a given area. In these areas, strikes may be made by any means at 

any time whenever targets are found. The second system is the "curfew," and it applies to boats on canals or rivers. Any 

craft seen moving during curfew hours roust by definition be the enems,.('Sk 

Trier* are two partially operational solutions to the target identification and reporting problems that are being used in 

Vietnam. These are: 

a. A recoanalssince.strike force made op of a reconnaissance aircraft with IR or SLR sensors and in-flight cockpit 

reel time readout, a flare cm light aircraft or helicopters, and attack aircraft or helicopters; and 

b.Recotuthieeance aircraft equipped witn an IR sensor, in-flignt cockpit readout, and a real time data link of the IR 

video presents n'$3. 

In the free strike or curfew environment, these solutions offer e great reduction in the target acquisition-target intelli-

gence reporting cycle. In the reconnaissance-strike case, the time is reduced to a few minutes. In the data link case, the 

repotting time is greatly reduced because the imagery can be interpreted in near real time at the requesting agency and 

appropriate action taken. There are not nearly enough of the in-flight readout•data link equipped aircraft operational in 

Vietnam to meet the actual needs. N. 

Until true people-finding sensors that can locate humans in any environment and weather and still be carried in aircraft 

are developed, the aerial reconnaissance job will still have to be done by utilizing present equipment more effectively. (e) 

There are several other factors which effect the success of the in-flight readout and data link operational solutions 

which involve me aircraft navigation system and trap accuracies that we mentioned previously. They also include two 

other factors that have an even greater impact. The impact of these factors can be summed up in two questions: 

a. Is there enough rime for the air crew including an airborne imagery interpreter to detect, recognize, and report tne 

location of targets on the in-flight readout scope when the aircraft is flying at the operational speeds required by 

the defensive environment and the urgency of the mission? 

b.Can the data link system send the desired imagery directly or through aerial relay to the desired recipients with no 

degradation of resolution and contrast of the imagery? If present equipments can be improved so as to fulfill the 

requirements posed by these questions and then installed in pertinent reconnaissance aircraft used in counterin-

sirgency, a great step forward in operational efficiency will nave been rnade.15.), 

In summary, we have: 

a. Defined the basic problem areas that are common to all cuunterineurgency environments; 

b.Examined the status of a current operational reconnaissance aucraft, its sensors and its navigational systems as 

they are being applied to the reconnaissance tasks; 

c. Stressed the need for a total package rather than fragmented training of atl personnel from commanders to sensor 

maintenance men in the application of present SLR and IR sensors to the counterinsurgency intelligence collection 

problem; 

d.Emphaeized the need for making better use of present equipments through bringing new developments and knowledge 

67 



88 

promptly Urea the Isharatwies to the field so that tioahat operations can of0i$ expeditiously reflect improvement in 

the state-ol-tbe-art. 
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BRIGADIER GENERAL ANDREW J. EVANS, JR. 

Brigadier General EviU2s 'WWI graduated from the United States Mil-
itary Academy in 1941. After training as a pilot, ho was assigned to 
fighter aircraft units in the United States and the European area during 
World War II. Since the war General Evans has nerved on the staff of the 
Air University; attended the Air Command and Staff School; served on the 
Joint Staff, Joint Chiefs of Staff; was executive assistant to the Chief of 
Staff, USAF; attended the Air War College; was Deputy Commander of the 
49th Fighter Bomber Wing in Korea; was on the faculty of the Air War 
College; was Group and Base Commander at Oxnard AFB, Vice Commander 
of the New York Air Defense Sector, and Commander of the 65th Air Di-
vision in Spain, before being assigned to his current tour within the Office 
of the Deputy Chief at Staff, Research & Development, Hqs. USAF. Cur-
rently, as the Director of Development,General Evans is responsible for 
the development of advanced system and major sub-systems leading to 
production and procurement and provides technical support for the de-
velopment aspects of systems and sub-systems already in production and 
procurement. General Evans also serves as the Special Assistant to the 
Deputy Chief,COIN. In this capacity General Evans is the Air Staff focal 
point for all matters pertaining to COIN Research and Development. 
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APPLICATIONS OF AVIATIO 

IN GOUNTIIINSURGENCY (U)  
?For Officiarbse Only 

Brig. Oeneral A. J. Evans, Jr. 

Ilgs United States Air Force 
Deputy Chief of Staff, Research and Development 

Washington, D.C. 

It is my desire today to discuss the basic use of airpower in Counter-

insurgency, to emphasize that this intrinsic Air Force capability domande early 

and continuing Air Force activity in Remote Area conflicts, and to review the 

manner in which the Air Force addresses the subject today and must continuo to do 

so In the future. 

I hope that you will sustain no in my belief that a vigorous R&D effort in 

the fields of Counterinsurgency is mandatory if we aro to meet the challenges to 

which the uses of aviation can best respond. Am my definition of Counterinsurgency 

J as using that which I believe is generally subscribed to -- both the maintenance 

of a climate of ordor and stability under which progress can take place, as well 

as the restoration of order after open conflict breaks out. 

First of all, it is my fundamental belief that the proper application of 

air power can have a profound effect on the SUCCOSP or failure of Communist 

insurgency. In considering almost any job associated with COIN - and we can 

look at many of these later - the inherent advantagoe that airborne vehicles 

have over ground vehicles - of course these are such things as mobility, 

flexibility, speed, etc. are the very factors that are most needed to cope with 

unrest and insurgency in a developing nation. I suggest that if these advantages 

are brought into play soon enough, open combat by U. S. ground forces may be 

forestalled or prevented. 

It has always seemed strange to me that while the contribution of air 

Power in nation building is freely recognized for our more advanced nations, 

for some reason we relegated it to a secondary role in underdeveloped countries. 

In the case of Vietnam, air power should have been forcefully applied to the 
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military and the civic action problems in 1957 or earlier. But as late as 1984, 

thc zcn=rti tr..7zz veopit, i ialked to tnat it wee • "ground war" 

and that aviation was not necessary to the pacification of the countryside or 

control of the Viet Cong. So we cannot fault the use of aviation in Vietnam in 

the early stages of insurrection, as it wasn't seriously used until open conflict 

was involved. (Incidentally, I make no distinction between helicopters and fixed 

wing aircraft, between Air Force and Army, in my subject "Application of Aviation 

in Counterinsurgency".) 

Having made the contention that early application of air power in Vietnam as 

early as 1987 Could have resulted in an effoctiVe force to curb the then existing 

insurrection, I must adait that we were not reedy for such a role. On of the 

obvious prerequisites for this role is a focusing of AkD efforts on the various 

facets of air power so that when national policy recognixee and calls for early 

and proper application of aviation support in insurgency situations, then air 

power is prepared to meet the challenge. That is one of the reasons we arc hero 

today. I as, frankly, uncertain whether a U. S. commitment exists to block 

Communist insurgency wherever it may appear in underdeveloped countries through-

out the world. Whatever the extent of the commitment, the military must be 

postured to meet it. In Vietnam we are learning to apply 1988 technology to a 

conventional, limited war. The lessons we are learning should be applied, in 

each of our Services, to developing a capability for countering future insurgency 

at a level well below the intensity of Vietnam, for it is certain that neither 

national resolve nor public policy will tolerate containment of Communist 

insurgency if the prie is several more Vietnams in our generation. 

In expaliding ou thoughts concerning the true potential of air power in 

counterinsurgency, I wish to emphasize some of the potentialities which arc 

unique to aviation and then discuss the basic requirements for their application. 

First, what are the potential contributions inherent in aviation and air 

power that I have in mind? In the earliest stages of preventing insurgency, the 

use of aviation to establish and maintain contact, and in turn to promote the 

necessary rapport between the people and their government are obvious. There 

exists a requirement for political, economic, and sociological intercourse 

between the government and its people. rt was stated with classic simplicity 
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by a Guatemalan officer at the first Inter-American Air Forces Counterinsurgency 

Symposium. He said: 

"Without communication, there is no education; 

Without edU0ation, there is no patriotismt 

Without patriotism, thare is no government; 

Without governmont, there is no employment; 

Without employment, there is no consumption; 

Without consumption, there is no industry; 

Without industry, there is no progress; 

And without progress, thore is no cosmunieation." 

Without question, the greatest mingle contribution that aviation can provide 

it developing countries is in the field of communication. Communication means 

the sharing of information, by moorages, by talk, by radio, by TV -- and then, 

from Webster, "a way for getting from one place to another." So communication 

is also travel, and in the areas of the world with which we are concerned, travel 

by air is not only the desirable way but in some instances the only.  way. The need 

to got representatives of a government into remote aroas, and the capabilities of 

aviation to accomplish this, is a key factor in counterinsurgency but the con-

tribution of avir.tion goes beyond the mere transporting of individuals. The 

introduction of an airline of communications into a remote country, no matter how 

austere it may be or how ..ineophisticated the aircraft, offers new opportunity and 

new hope to the country. New job3 are created in order to logistically support 

the operation; weather information, for instance, is required and this in turn is 

the basis for another system or network in the communication field. A capability 

or service that has equal application to the agrarian or even pleasurablo 

pursuits of the population are therefore outgrowths of uses of aviation. Medical 

treatmont also is made available to those who were previously isolated from these 

services. 

Many of our communication modoe, such as TV, are line-of-sight and hare 

aviation can make a contribution. The use of TV in Vietnam - beamed from air-

borne transmitters - has been a great boon to the psychological warfare efforts 

of the government. Many people tend to think of psychological warfare as 

primarily applicable to active insurgency. Some do not consider that it may he 

equally effective in preventing an individual with no sense of national 

73 



identification from becoeing an insurgent. In either circumstance, however, a 

person isolated from his goverment and remote from the mainstream of his 

country's setisift.s i• • tC ••••;,.... 4. -----  "ztrugg1.7. 

of men." Whether he is an active insurgent or a potential insurgent, he can be 

influenced by communication, and aviation offers a vital contribution in this 

entire field. Aviation and here I underecore the peaceful applications of 

aviation - should, therefore, be employed in the early stages of a struggle 

within emerging nations, and through its contributions in the field of coaauni-

 

_,--- 
cations cud traneVettation become a decisive factor in determining the outcome. 

Most emerging nations lack technical skills, have few teachers, doctors, public 

health and panitation officials. Aviation, properly utilised, can multiply 

these P :ce skills and enable one teacher to provide instruction to several 

otherwise isolated villages -- enable one medical team to serve many 

communities. 

The other capabilities of aviation would normally augment and follow on its 

contribution to communication and travel - and be required only where the initial 

applications were not totally successful. If insurgency progressed to the stages 

of armed insurrection by guerrilla bands, then the applications of air power 

become those of surveillance of the insurgents, transport or airdrop of troops 

or supplies and delivery of weapons in support of friendly government forces. 

Reconnaissance and surveillance, of course, should begin long before the stages 

of armed insurgency and, used in conjunction with other sources of intelligence, 

ehould provide for the immediate show of force or active intervention before an 

organized guerrilla movement or attack becomes possible. The initiative then 

becomes ours and the oft quoted ratio of 10 to 1 required to win can be sub-

stantially reduced. 

We need to focus additional R&D effort in this area and are now doing so. 

We have made significant strides in the direct approach to surveillance and 

detection in the pact year with accelerated efforts in infrared, foliage 

penetration radar, low power radio direction finding and radiometry, to name 

few. There is no reason to doubt that the technological capabilities of the 

military and industrial resources which this gathering represents can provide 

the capabilities that will be needed in future situations. 

Once we have the insurgents or guerrillas located, or at least know his 
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main supply routes, encampment areas, and primary support areas, we want to 

isolate or contain him. There is a real need to seal off sizeable areas pre-

venting or alternately controlling the introduction of personnel and material 

by the establishment of an aerial blookade. This would be particularly 

appropriate when striking the source would not be politically acceptable. The 

use of a ground forte barrier may be too expensive in men and material, and 

could also be unpopular or politically unacceptable. Through the use of aerially 

delivered area denial weapons, then, air power can be used as S substitute for 

massive ground deployment. Air movement of t tailored force of our own ground 

troops into such an encircled or sealed off area could then be accomplished 

without fear of enemy support from outside forces or of their getting away. 

Barrier effectiveness would not have to be absolute to be effective. The un-

predictability of barrier penetration could create obstacles too great for the 

insurgent to risk. 

We all know that the violator of the law thrives on darkness, nature's most 

universal and simplest gift to the guerrilla for cover and concealment. We have 

long recognized thy value of lighting up our streets when we wish to prevent 

crime, and to give the policeman • chance to see the criminal no that he can be 

countered or killed. In the guerrilla environment we have no lamp poets to hung 

lights on and no ground vehicles that can operate in his environment. Aviation, 

therefore, can with the proper R&D emphasis provide the means of lowering the 

threshold of darkness through LLLTV systems and of exposing him to visible light 

intensities provided by airborne illumination syetveu. 

Before we leave my identification of potential applications of aviation and 

discuss the key requirement for the realization of this potential, I would like 

to mention another possible application of air power. It involves the capability 

to influence the agricultural efforts of the people, either favorably or adversely. 

We have engaged, to various degrees, in defoliation and the use of herbicides in 

Vietnam, We have not concentrated on an operational capability for aerial 

application of peeticides; and fertilizers to enhance agricultural efforts of 

the people in emerging countries. However, at the Special Air Warfare Center 

(Eglin) whore a part of their job is to consider the subject of CIVIC ACTION, 

they define it in part as "the employment of military forces in civilian 

projects to better the lot of the people." They also recognize the significant 
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psychological influence that could be obtained in forecasting - or threatening, 

if the situation warrants -- the future welfare of agricultural efforts, and 

then following up the promises with actual results. On the positive side - 

improving harvests threugh the use of fertilisers this is certainly "bettering 

the lot of the people" and we are making initial studios, with the Department of 

Agriculture and ANPA, as to the feasibility of aerial application of fertilizers 

in underdeveloped countries. 

Now, as you have noticed, I've been discussing the capabilities of aviation 

in counterinsurgency in broad terms without treating the individual subjects in 

detail. This is intentional in that the areas where aviation can provide 

enhanced capabilities - such as in reconnaissance and in psychological operations-

are specific subjects elsewhere on the syuposium agenda. Nut witnout the proper 

aerial vehicles, these capabilities cannot be optimized. So I do think it 

pertinent to discuss the so-called 00IN aircraft or Special Air Warfare aircraft 

in some detail. 

I must preface this treatment, however, with the note that it is an incom-

 

:r
 plate discussion. The COIN aircraft problem has many facets. Studies, while 

! ' I. 

' contributing to our knowledge, do not solve the problem. Considerations of the 

entire spectrum of conflict lea.e their mark on the COIN aircrart and its 

relationship to the other inventory requirements. The final answer is not yet at 

hand, and I'm only warning you that I an not providing it here today, but merely 

discussing some of the many ,factors identified with the subject. 

Hopefully we will get the first airplane identified as "COIN", the OV-10A, 

in 1967. This schedule is not indicative of our early 20ierest in the subject. 

In reviewing briefly the history of our Special Air Warf,.-e or SAW forces air-

craft, I found that we have been considering for some t .t possible requirements 

for three types of aircraft - a etrike/recce aircraft, a utility aircraft, and a 

transport aircraft. The 11-10 Hello Courier has been the utility aircraft in the 

SAW forces. Many potential follow-on aircraft have been evaluated by the Special 

Air Warfare Center, including the Turbo-Porter, the Hello Stallion and the 

DeHavilland Beaver, all modified with turbine engines. However, a successor has 

yet to be approved. 

The transport aircraft are today C-47'8, C-46's and C-123'3. In May 1962 

we considered a proposal to modify C-123'e with jet engines, but the mod was at 

1 
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that time thought to be too costly. Today C-123's Cr, a critically short air-

 

lift resource and the requirements in eietnas will ontitIrmin 11m4e Oh. ""-

of aircraft available for SAW forces elsewhere. Although most of our C-123's 

are now being 110dified with jet pods, • new SAW transport aircraft ie a definite 

requirement. 

A similar situation exists concerning strike/recce aircraft. The original 

inventory included T-28's, 8-26's and later A-1E'e. Forty 8-26 aircraft were 

modified to the ON-MARX configuration and those that remain today are in the SAW 

inventory. 

Future requirements for both transport and ctrike/recce type aircraft are 

documented in SOR-222 for a family of SAW aircraft. The aiesione of the light 

transport include airdrop; medical evacuation; an assault landings; pay ops; crop 

dusting, weeding and defoliation; flare drops and training of indigenous forces. 

STOL characteristics are required for operations from semi-prepared fields while 

accomplishing missions in civic action, peychological warfare, and delivery and 

supply of Army Special Warfare pereonnel. The design pay)oad is 4000 lbs for a 

250 NM radius mission at 5000 ft. with normal cruise of 200 knots. The basic 

passenger capacity is 12 fully equipped troops - the equivalent of an Army Special 

Forces "A" Team. 

TOD over a 50 foot obstacle at home base is to be 2000 it and 1000 ft on 

take-off at the midpoint field. Landing over a 50 foot obstacle must De equal to 

or less than the take-off criteria.' Take-off and landing performance degradation 

cannot exceed 20-25% duo to high terrain elevation operation -- i.e., up to 

10,000 feet. Ferry range is to be 2600 NM without inflight refueling and the 

aircraft must be capable of night and adverse woathe,-  operation. Landing gear 

should accommodate a minimum sink rate of 12 ft/sec at design gross weight and 

f.. provide a UCI of 10. 

To insure maximum safety and survivability to crew and passengers withic 

the Special Air Warfare environment, the aircraft will have a load factor of 3 8g, 

r- self-sealing fuel tanks, armor (against 50 cal), and crew and paenenger egress 

1 
even when main cargo compartment is loaded. Reliability and maintainability 

requirements and characteristics are to receive special attention to provide the 

optimum in operational ready rate, reaction time, turn-around time and overall 

effectiveness. 
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The Air Forcm first became really active in COIN matters in 1982. The 

Special Air Warfare Center was formed in May of that year, and it was in 1982 

that the earliest requirement for a COIN aircraft development prograa was sub-

mitted' The progTem was dieapproved beceese of the DOD view that COIN require-

ments could be met with existing aircraft, and we began to look for ways to 

improve existing aircraft. Thin led to the YAT-283 and tho YAT-37D programs, as 

well as the ON-MARX modified 8-28K. 

Although the Air Force has been on record since 1962 for a COIN aircraft 

development program, to replace these aircraft, in all honesty we did not sees 

initially to have much interest in the so-Called LAMA, which in its earliest 

stages got support mostly from the Marine Corps. 

There is still some doubt about just what the OV-10A can do, but the Air 

Force is solidly behind the procurement of an aircraft of this type for the 

forward air control mission. I think it is fair to say, though, that there in 

still an open field to discuss what our future COIN aircraft should be. 

The philosophy of the Special Air Warfare Center gives us an interesting 

perspective on the problem. SAWC sponsorm the "family of aircraft" concept as 

an answer to their needs for three functional types: light utility, light 

transport, and Sti:ike/recce. SAW recognizes that U. S. policy, no longer valid 

in Vietnam but pr9susably applying to future COIN situations, is that we will 

assist host governments in the maintenance or restoration of internal defense, 

but we will not dc job for them. This immediately identifies a need for a 

relatively simple aircraft with dual controls. Since most of the countries 

involved are newly emerging and developing, their economic stature may not permit 

independent procurement and initial support of a national aviation program. Their 

lines of communication are austere or non-existent and the usually rugged 

geographical tetrain places additional emphasis on their need for aviation, but 

if they are to hkve it the U.S. must provide most of the monetary assistance. 

This supports the ar.guments for an inexpensive airplane in order that we might 

underwrite indigenous aviation provams with new aircraft. On the other hand, 

tho aircraft we hale provided under the MAP program seldom are ideally suited for 

ago in a counterinsurgency rule. The older trainers lack capability while jet 

fighters are certainly too complex for internal security purposes. 

Balancing these considerations, SAWC recommends a family of aLecraft 

78 



_ . . 

encompassing the utility, light transport and the strike/recce aircraft, based 

on a single type with maximum commonality of components, inoludine °twines, pretro; 

landing gear, accessoriee, instruments, control surfaces, etc. This is considered 

by SAVO to be the only possible eoletion to achieving roduced (Witte. The 

benefits of such commonality in developing the capability of a host nation are 

obvious in terse of logistic support, training requirements and minimum 

transition requirements from one aircraft class to another for pilots and mcin-

tonance personnel alike. It would be beneficial to the USAF for the same reasons, 

and to the host country psychologically, if the mans aircraft were in the usAr 

inventory. • 

Not everyone agrees with this approach to Meeting our COIN aircraft require-

ments. It concentrates upon commonality for easier logistic support, and simplic-

ity for use by the less technically advanced emerging nations. In regard to the 

latter, we have the apparent dilemma of requiring new scientific advances in 

reconnaissance and surveillance, for instance, to monitor end keep tabe on 

insurgents, and yet insist upon more simple and uncomplicated vehicles to carry 

this equipment. This may at first appear completely inconsistent but if the 

technical facts of life ciemend complicated auxiliary equipment, this might be 

offset to some extent by striving for a simple vehicle and interchangeable 

equipment. This rationale was apparent in a draft Advanced Development Objective 

which we considered last year. It has never been validated but it has served the 

purpose of challenging the imagination and abilities of the Air Force R&D 

community and industry. The ADO differed from previous approaches to the problem, 

such as the IAEA, in that it envisioned development not only of an aircraft for 

Special Air Warfare but the concurrent identification or development of a family 

of civic action equipment and weaponry specifically associated with the end 

objective of the system. In a way it was a conceptual amplification on the 

Special Air Warfare family of aircraft, in that it proposed a family of associated 

support and operational equipment with maximum commonality within that equipment 

structure. In addition to the basic aerial vehicle, the development would include 

compatible ODIN weapons and compatible civic action equipment. For example, all 

power unite, to include ground equipment, would use the same grade fuel and 

lubricants. Airborne and ground communications subsystems would use common and 

interchangeable components. Even though, for economic reasons, all associated 
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agricultural equipment, construction equipment and public health equipsent might 

4" ==lality of Lit.Y1.1aiiLa, eoweeed uui.. and ocher parts 

would be a system objective. And if this part of the ADO was not sufficiently 

thought-provoking, the aircraft itself was to be mastered by the pilot in 40 hours, 

be capable of 3000 maintenance-free flight hours, and like some of your automo-

biles be faotory lubricated for its design service life. The system would be 

capable of mapping, charting and surveying; geological survey; aerial distribu-

tion of fertilisers and pesticides; engaging in public health; road building and 

public construction; and civil air-line-of coeaunications activities. Not 

surprisingly the design of the equipments for Civic action activity would be 

coordinated with the 11.8. Army and Navy, the Agcncy of International Development 

end the Peace Corp.. Like the Chrysler Airflow and the Tucker Torpedo, this 

vehicle may have been before its time, but I still think it is weeded. 

By now you can sense the facets of the COIN aircraft problem that pull at 

the requirement in one direction or another. We have the desire for simplicity, 

the need for commonality, and recognize the prestige factor of jets and the 

political implications that complicate the whole issue. These have all been 

covered many times in studies, in attempts to reach positive conclusions as to 

what types of aircraft and associated equipment can best accomplish the COIN 

mission. In one respect, these studies have shown that consideration of the 

political and social elements of remote area conflict for all possible situations 

are difficult, if not impossible, of evaluation. Terrain, climate, comaunica-

tione, airfields, and general skills of the people of various arose are covered 

in existing studies. But the establishment of the political environment and the 

enemy threat, actual and potential, often becomes unmanageable. Although these 

inputs of the political and oocial elements and assumptions of the hostile 

opposition are frequently the controlling elements, their vagueness or undeter-

mined nature makes them useless in establishing worldwide models. Many studies, 

including the SHWA and RIDWOOD studies of limited war by the RAND Corporation, 

bring political variations in underdeveloped areas into scenarios. In doing so 

they show that these political elements frequently overshadow the military 

problems and radically change both military operations and the outcome of the 

conflict. In short, the political element dominates the military, as I 

suggested from the beginning. However, political factors are highly variable 
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and subject to change. Therefore, it seems reasonable that physical factors 

affecting equipment design should remain our primary area of concern. These 

factors have also been rather thoroughly studied so perhaps what we need is 

someone to synthesise and validate what haa already been written. Then we may 

find that what we really went is a silent airplane with Wankel engines or maybe 

even a specialized COIN aircraft for indigenous forces that is completely in-

compatible with our own needs, but is a really_ inexpensive aircraft. 

Any aircraft designed to meet the various requirements that would ultimately 

be advanced by the Services probably has no chance of being sufficiently 

inexpensive. 

On leaving the subject of studies, it may appear that the next best Course 

of action would be to substitute hard experience as a basis for definition of 

our COIN equipment requirements. We have this not only from Vietnam but &leo 

from our friend* in Latin America, 

Many Latin American Air Forces have been able to attain an enviable record 

in counterinsurgency air operations ranging from extensive and highly beneficial 

civic action projects to direct combat against bandit or guerrilla forces. In an 

effort to develop a strong and truly inter-American counterinsurgency effort, we 

sponsored an Inter-American Air Forces Symposium on this subject, with the first 

gathering held at Rglin AFB in late January of this year. The deliberations of 

the COIN Aircraft Panel provide the type of thinking based on experience which I 

believe should augment our various studies. 

We seem to have, then, sufficient information at our disposal to determine 

our requirements for a COIN aircraft and we should consider this a high priority 

R&D task. 

There is no doubt, however, that the political climate and its influence on 

the extent and timing of the use of air power, holds the key to the future 

applications of aviation and its attainable capabilities. Political considera-

tions, by their very lack of predictability, emphasize the fact that the day may 

indeed arrive when our diplomatic policy will specify the timely and decisive 

application of air power to a budding insurgency situation, and the Military 

Services - the Air Force in particular - will have the opportunity to put into 

practice the applications of aviation I have euggestod today. I don't expect 

this to occur in the imme:iiate future, but there appears to be continuing trends 
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in this direction. Prior to the dissolution of the Special Group (CI) and its 

replacement with two Senior Interdepartmental Group (510), General Maxwell Taylor 

submitted conclusions on deficiencies in the U.S. countersubversion effort. The 

!trot deficiency be identified conoerned the mead for greater emphesis on the 

prevention of subversive aggression. This was treated more concisely in his 

Committee /II report which called for - a conscious decision to lower the thres-

hold at which U.S. support will be given. It is with this in mind that I say air 

power hail such a tremendous potential, and because of this possibility that I 

say we must become better prepared to meet the challenge: Genorel Taylor's 

report again justifies our concern when it static that "while Ruch military equip-

sent is general purpows in nature and can be counted against the requirements of 

counter-sUbversion, it is striking how little procurement and how little R&D can 

be attributed to the specific needs of counter-subvereion." It reveals that only 

about 41 of a $12 billion Defense BAD budget can be so identified. 

In light of these findings, which are really only the confirmation or re-

statement of known facts, it is indeed timely that a Sympomium such as .CIRADS is 

specifically oriented to focus the efforts of the R&D community on the World-wide 

problems of internal defense and counterinsurgency. The Air Force has a contribu-

tion to make in continuing its current activities and in improving its capabili-

ties with respect to future situations. Air power will offer an even greater 

potential when it is matched with a national policy which recognizes its 

capabilities and choosey to exploit them in the earlier phases of counter-

insurgency. It is imperative that we be prepared for that eventuality and I 

solicit the support of all of you in helping us meet this challenge. 
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BRIGADIER GENERAL ROBERT R. WILLIAMS 

Brigadier General Williams has been serving as Director of Army 
Aviation, Department of the Army General Staff, since April 1966, He 
served as an Assistant Division Commander of the 2nd Infantry Division 
in Korea. His achievements in the field of Army aviation began shortly 
after his graduation from the United States Military Academy in 1940, 
when he was named operations officer for an aircraft test group. In 1942, 
he was appointed Chief of the Flight Division in the Department of Air 
Training of the Field Artillery School and became the first ground force 
officer to receive an instrument rating. In 1947, as Aviation Officer of 
the United States Constabulary in Europe, he organised the first ground 
force operational aviation unit. General WiMarne was the first chief of 
the Army Aviation Branch, 03. He was later assigned Chief, Air Mobility 
Division, Office of Chief of Research. After a year in the Office of Secre-
tary of Defense, he was appointed Commanding General of the U. S. Army 
Aviation Center and Commandant of the U. S. Army Aviation School, 
Fort Rucker, Alabama. Later he served as Deputy Test Director and as 
Commanding General of an air test group at Fort Henning, Georgia. 

General Williams is %volt known in Army aviation as the first Army 
aviator to be designated Master Army Aviator. He received the Alex-
ander Klemin Award in 1961 and in 1962 was a panel leader on the Army 
Tactical Mobility Requirements Board. 
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OFFICE OF THE ASS/STANT CHIEF OP STAFF FOR FORCE DEVELOPMENT 

Direotor of Army Aviation 

DEPARTMENT OF THE ARMY 

(Unclassified) 

Brigadier General Robert R. Williams 

ARPROTR OF TRP AIR CAYALfX CONMPT 1M A C: LIVIECrIr.gT 

WASdINOTON, D.C. 20310 

has awked me to speak on "some technical aspects of the Air 

In a counterinsurgency environment, including if possible, corn- 1 

(b)(6) 

Cavalry concept 

parison of the lessons of Ft Banning and Vietnam". 

My basic theme will be the impact on requirements and RAD for other than 

airoraft resulting from employments of the airmobility concept. However, first 

I,would like to make some basic points about this coneept. The airmobility 

conoept briefly stated, is the close tactioal integration of heliborne 

troops with airborne or nir lifted firepower and highly reeronuive air sur-

veillance and supported by rapid reaction air logistics. The esaenoe of this 

is that aircraft are suhatituZed for ground vehicles and complete reliance is 

now placed on the aircraft for maneuvtr, firepower, reconnaissance and resupply. 

With the acceptance of this concept as demonstrated in the let Cavalry Division, 

Ar,ty aviation belame of age. Until now aircraft have,been added to military 

nnito as a oremium 4.nd supplementary means of movement. Bach aircraft 

added adversely affected the ratio of meth to tall. The real breakthrough 

came when the oonoept of eliminating ground vehicles and replacing them with 

airoraft was accepted. Thin is illustrated in the let Cavalry Division. 

Si;:teen nundred ground vehicles have been replaced by 333 aircraft and these 

aircraft are the primary means of righting. 

Wha: lid we need to prove by test at Ft. Banning to have the concept 

approved for Use in Vietnam? 

First that the aircraft were a dependable means of movement. There will 

always be times when aircraft cannot fly but ground transport will move. 
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conversely there are timee td!er gre.w.d feve'tent is stopped-by mud, s%ow or 

obstacles_ when aircraft wtil fly. w• r^^"ed holicoptcr: z;u14 

tact'eal operations in weather down to 200 feet ceiling and i mile visi-

biliti. 1:14t. peuveei favorable odds for movement with ground transport. 

There is no question about how this has worked out in Vietnam. The 

terrain ane "obetacles" there are such that by air is the only way to go. 

Second we had to prove that the airmobile force could be logistically 

supported, particularly in regard to POL. Although the test divisicn 

:11th Air Assault Division) required 550 bone of supplies per day, as 

cmared to 450 tons for a standard infantry division, the requirement was 

met to include the retailed distribution of these supplies by air. The 

distribution of supplies by air is working in Vietnam just as it did on 

Air Assault :: *.sing the same methods and same equipment. During a recent 

visit there I didn't find a single aviation unit that had run into diffi-

culty by lack of POL - but they had experienced a few tight situations. I 

will come back to the logistics problem as it relates to R&D - it's a key 

point. 

Next we had to produce evidence that the aircraft could be expected 

to live in combat. No one will ever develop conclusive proof of this 

point. The Air Assault 1 tests and those conducted by the Combat 

Development Command Experimentation Center at Ft. Ord, produced evidence 

of survivability. The evidence was quite accurate. In Vietnam. the 

statistics show that a helicopter (Cr example is being hit by fire once 

in each 350 co"..bat sorties and shot down once In each 6,000 combat sorties. 

Cver one half of these are being recovered so we lose on:y one aircraft in 

15,000 combat sorties. 

Another Interesting challenge that was frequently made to the air 

mobility concept was that we could not operate so many aircraft of 

different types In the battle area without many mid-air collisions. We 

were sure we could for the air traffic density in the battle zone of an 

airrobile division was only about 1/10th the density at Ft. Rucker, the 

88 



Army Aviation Sohool. Air traffic control was not a problem in Air Assault 

II nor is it a serious problem in combat operationo in Vietnam. Anyone who 

has ever flown in and out of Tan Son Nhut airfield in Saleon and survived 

will consider the highest density traffic in a major airmobile operation 

child's play. 

One criticism frequently made of airmobile units was that they have no 

"staying power". Of course, it is difficult to define "staying power". The 

unit that can Stay and fight against tanks and heavy artillery may not be the 

unit that can stay and fight in Vietnam. In Vietnam it's the let Cavalry 

Division that has staylnit power. When I last visited the lst Cavalry, it 

had been in continuous contact with the enemy for over 40 days - because 

it can commit troops, recover them, recommit them and continue to supply 

them by sir. 

*Joh attention has been given, and can;-  dollars spent, on solving the 

nnvigation problem. There are Loran CAD, doppler, MCCA, radar control and 

the cld °bird dog". :he 180 lb whiskey-drinking vacuum tube. well-oriented 

in the area oi operations, that flies each aircraft is still the best 

answer. We need the sophisticated types of equipment for longer distance 

operations and to get into the area but I doubt that electronics will ever 

do the job that Is being done by the pilot who flies the same area day 

after day and knows every inch of It. 

Tn brief, the airmobile concept as tested at Ft. Sennirg works in 

Vietnam. I asked the Chief of Staff of the let Cavalry Division what 

significant oranges had been made in the concept as a resu:t of experiences 

in Vietnam. his reply was "None". 'lase the SOP at tne end of Air Assault 

II and that is how we do it now". 

There are several elements of the alrmobile concept :hat are not too 

obvious that row apply to all military untts involved in ccunt4r-infr.:rgency 

operations of the type being conducted in Vietnam. Primary of these is 

weight of equipment. 
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Ccmwenders ha-1 f'r hundreds of years said in many ways the road to 

victery le treA,elee. tlith littlo imnzelimar.ta". In,ly ID very Lrue Loamy. 

A preview of this was aotually seen in Air Assault f/ when the 11th Air 

Assault Division was maneuvering against the 82d Airborne Division. Since 

the troops of the 11th Air Assault Division had to be carried in aircraft 

and the limitation on weight that the aircraft can oarry is finite, every 

effort had to be made to reduce the weight the individual carried and the 

weight of the equipment provided to Support him in the field. The weight 

reduction took two forms. First, the weight of individual items wag re-

duced to the minimum. Next the number of items was reduced based on the 

soldier taking onlr his very immediate needs ane depending upon a responsive 

air supply system to bring in what he needed when he aeeded it. The cumu-

lative effort of the first of these is reflected in that the total weight 

of the airmobile division is 1/3 as much as the ROAD infantry division. 

An interesting result from Air Assault II was that it was found that 

after the troops of the 11th Air Assault Division were placed on the ground 

by airlift, their ground mobility off roads was superior to that of the 

82d Airborne Division. They capitalized on this and outmaneuvered the 82d 

by choosing terrain where the 82d couldn't profitably use their vehicles. 

The parallel situation is now found in Vietnam for all U. S. unite - 

not :ust the 1st Cavalry Division. All go into combat in helicopters and 

all must place a high premium on foot mobility when on the ground. The 

enemy travels light. 

This places a very high premium on light weight equipment. We are 

now back to the old question of trade-offs. So:ething must give to gtt 

light weight. For those of you who visited us during the tests at Fort 

Henning, this is an old story. The problem simply is we must give up 

durability or long life, creature comforts and unneeded capabilities for 

light weight. Technological advances alone will not solve the problem. 

nd development - for 

ldier doesn't have 

Some of the new equipment requires no research a 

example, issuing paper plates with A rations so the so 
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to be burdened with a mess kit. Some new equipment en be acquired by just 

buying on the open market such es using the lb plastic lug-a-jug for the 

10 lb j gallon water can. Some require amplication or modern, accepted. 

cormercial methods for old style military methods - as foamite paokages 

instead of heavy, hermetically sealed cans. This requires forcing logistics 

people to deviate from traditional specifications on long term storage 

requirements. Radios and other oommunication equipment cannct be packaged 

in air conditioned vann and built to operate from -60 to +150 degrees 

Farenheit and stand 10 years of beatirgover rough roads. They muat be 

built for air travel and operations under a tent. 

/t is interesting to note that during the testing of the sir mobility 

concept at Port Banning, we seleoted,205 off-the-shelf items to substitute 

for standard Army items in ot..r quest for light weight and small &lee. The 

testing indicated 141 of these were suitable for continued use by the divi-

sion. Due to additional experimentation, the 1st Cavalry Division authorized 

177 non-standard items at the time of tnelr deployment. Six months ex-

perience in Vietnam has indicated only 10 items should be deleted entirely - 

althouge replacements and/or modifications are necessary on 24 other Items 

of non-atandard equipment. 

My point hare is that imarehing of commercial developments and past 

R&D efforts can be eost fruitful in meeting future requirements. This 

is an inexpensive and quick solution to many of our problems. It will 

not meet all requirements and I do not intend to degrade the requirement 

for the continued application of advanced technology. 

Technology Is constantly developing ways of making things smaller and 

lighter. ln applying this technology wo must emphasize the capability to 

cake each item much smaller and much lighter - not in nakirg each item 

much more capable, more fascinating, more durable or providing longer 

life at the same weight. 

I will leave you with three requirements for equipment for counter-

ineurgency where airmobile operations are concerned. First we must 
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weep equipment light enough that it is highly air transportable - whether 

the soldier carries It, it supports his, or it is involved in reeueely 

the soldier or in support and repair of any Army equipment. 

Siapad, we must make the individuel soldier, after he is placed on 

the ground, as highly mobile as possible by reducing his load. The 

development of a six ounce poncho can contribute as mech to victory all a 

highly fascinating development of a 3600 scanning device integrating 

radar, IA and laser. 

The third is the, requirement for equipment to peraii full 24 hour a 

day operation. This is one area in which technology has made and can 

make greater contributions to our capability in CI operations. Darkrif-_ 

has always been on the side of the insurgent. Might provides him with 

a safe haven to lick hie w,  .cie, rest, regroup, plan his next move and 

position his forces. Moet of hie resupply and logistical operations are 

accomplished under the cover of darkness. New devices and new tactics 

and techniques would rob the insurgent of the cloak of security. Some 

of the most significant advances in this are the star light scope, low 

light level teJevision, xenonlighte, and the use of IR and SLAR. 

We have had considerable success with helicopters equipped with 

xenon search:ights. Further evaluation under operational conditions is 

continuing and additional systems are being sent to Vietnam. 

Additionally, we are considering a weapons system employing a light-

weight infrared triggering device in conjunction with 2.?3 inch rockets. 

Up until now IR has been used in concert with SLAR only for aerial sur-

veillance and target acquisitien purposes. 

The star light scope holds promise for aerial usage. To the present 

date, we have been unable to perfect a suitable system for use in Army 

aircraft. 

The use of these developments in helicopter operations will help 

realize the full potential yf the helicopter, end particularly, of the 

armed helicopter. 
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Our ever increasing capability to operate 24 hours a day will make a 

major differenoe in CI operations. The insurgent cannot stand the continuing 

push and harassing. 
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COST EPPECI'IVENSSS ANALYSTS OF 00124TERTSSUielnaCY AIRCRAFT (u2 
(Unclassified) 

(b)(6) 

Institute for Defense Analyses 
Arlington, Virginia 

ABSTRACT 
((nolasiified) 

'Ibis paper presents a methodology for estimating the 
cost of providing e flexible force structure in C8603 where 
requirements change from time to time or where the planners' 
estimates may turn out to be in error. 7he main question 
addressed is whether a homogeneous fleet of multipurpose air-
craft should be procured for counterinsurgency operations or 
whether a mixed fleet of various -specialized aircraft should 
be provided. Tte cost differentials between pure and mixed 
fleets are quantified; however, a final selection among the 
these alternatives must be related to the particular case of 
interest. 

1. IN'TRODUCTION 

Military system can be categorized into two main classes: specialised or multi-purpose. 

Specialized systems are inherently designed to perform one class of missions, whereas multi-

purpose systems are designed to perform more than one class of missions. Hence, a O-2, de-

signed as a reoonnaisaance aircraft is a specialized aircraft, whereas the OV-1C COIN air-

craft, designed to transport cargo and personnel and to attack targets, is a multi-purpose 

aircraft. As a result of designing the system to perform one class c! missions (such as 

aircraft attacking ground . targets), the system cost to accomplish that ,tission should be 

less than the coat of a multi-purpose system to perform the same mission. If, however, the 

specializen system is; required to perform a mission for which it was not designed, its cost 

to perform the mission would exceed that of the multi-purpose system. Thus, the multi-

purpose system offers a degree of flexibility over the specialized system but usually for 

an additional cost. If the requirements of the system are known and constant over time, 

the specialised systems offer the minimum coat solution. However, if the requirements are 

Varying over time, or are related to a sat of contingencies, then the minimum cost solution 

incorporates the multi-purpose systems as well as the specialized systems. 

It is the purpose of this paper to set forth a method (utilising cot-attentiveness 
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analyses) for deteretir•mg a ed.:. .um cost force-mix*  of specialised and multi-purpose systems 

in light of fixed. tine-van/um or uncertain mission roopirements. 

The method used t., determine the minimum cost force-mix consists of specifying a set of 

linear relationship& between the ityibem types, effectiveness per dollar or expenditure, and 

requirements. A typical example, utilising specialized and multi-purpose aircraft, is dis-

cussed in the body of the paper. This example =eiders only two contingencies, i.e., two 

alternative sets of roquiremente. ! it is small enough to solve by hand and to present 

graphically. More complicated examples can be expressed in the terminology discussed below 

and solved with the aid of an existing linear program algorithm. 

2. GENERAL Melli00" 

2.1. ANALYSIS MODEL 

Let )1 t  be a vector, representing the k-th contingency set of requirements, k = 1, 2, 

..., X. The elements of R are ri , reprosentirg the imber of units of the i t  requirement 

needed in contingency set k, where i = 1, 2, n. Let a 1 subscript stand for the system 

or equipment types being considered with j = 1, 2, ..., 2. Now, if T. reprasenta the Loto). 

expenditure on the jth  system regardless of which contingency occurs and C.I; represents the 

costofj -th systemincontingencyk,thmle.i msttakethe highesu value o2 C. c t., = 
k k max C.)4t. Here, C. w 7 C . where the Ctj  represents the cost of the unit .)f sister j need-j 

k 1=1 ' 
ed to fulfill the k- th requirement, rt rn,. 

The objective of the analysis is to minimize the total cost summed over all the systems 

needed to provide a capability sufficiert to meet any of the requirements regardless of 

Which contingency actually occurs. A method for obtaining the solution is through the use 

of a standard linear programming algorithm. Briefly, the linear progwmming formulation is 

as follows: select 7.. j , f = 1, 2, m, so as to minimize 

Ein 
j =1 

subject to the constraints 

The force level problem is not considered. 

The authors are indebted to Dr. Martin Bailey for suggesting this approach and to 
Dr. J. G. Cross for developing the program. 
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k 
1-1 

3= 1, 2, 

= 1, 2, 

Here the a
ij 

represents the number of units of requirement./ that can be obtained for a 

dollar of expenditure of equipment j. The selection of t.j  also provides for the allocation 

of the j
th 

equipment for the i
th 

requirement in the kth contingencies. Hence, the program 

also provides the C for each i, j and O. It should be noted that the number of systems 

available is assumed to be unlimited. A minor revision in the forret can allow for the ,:ase 

where the number of systems j available is limited. 

The methodology outlined above has been used to determine whether specialised aircraft 

or multiple-purpose aircraft should be used to provide a flexible response capability. This 

is a typical problem in which military operevions impose diverse requirements on the equip-

ment and forces at hand. This is particularly true of the use of aircraft in counterinsur-

gency, where the mission requirements characteristically change frcr time to time. (Experi-

ence to date has indicated that significant changes in mission requirements can occur, in 

fact, from day tc day within the same country.) 

It appears that in order to cope with such a diversity of requirements, a multi-purpose 

aircraft would be desirable. Such an aircraft should have the capability to perform attack, 

escort, and transport missions as required. While such a design is within the state of the 

art, versatility, or the ability to perform a variety of different missions, produces, as 

The linear program format could also be expressed in terms of number of aircraft and 
aircraft cost with the solution minimising total fleet cost to perform the require-
ments of any set of contingences. However, the solution obtained above can be easily 
converted into total aircraft costs and vice versa. 
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discussed previously, some performance compromise in each mission. In other words, a good 

strike airplane is not likely to be a gocd tramarnrf AmA ;;:.;,“ bale coal 

capability tends to cost more with a fleet of one type of versatile aircraft rather than 

with e mixed fleet tailared for a partieular set of missions. This is because the versatile 

aircraft is leas efficient in either the attack or tranapOrt role than the specialized 

aircraft designed with these specific requirements in mind. 

In the example presented below, the cost of flexibility is computed in Cates where the 

requirements change from time to time, or where the planeer's estimates turn out to be in 

error. The main question addressed is whether a homogeneous fleet of multi-purpose aircraft 

should be procured for counterinsurgency operations, or whether a mixed fleet of various 

specialised aircraft should be provided. The cost differentials between the pure and fixed 

fleets are quantified in this paper and results are applied to several situations of interest. 

Essential inputs to the analysis are misaion definitions and aircraft types. For the 

purpose of the evaluation, several missions are defined. They include strike, reconnais-

sance observation and cargo transport. While not all inclusive, these missions cover a 

wide range of possible aircraft employment in the situations to which this study refers. 

Several aircraft types are evaluated. They include: 

A single-engine transport with STOL capability; 

A single-engine attack aircraft with high-load-carrying capability; 

A multi-purpose utility-type aircraft capable of performing either 

attack or transport missions. 

2.2. METHODOLOGY 

The evaluation proceeds stepwise. First, the effectiveness of each aircraft is deter-

mined for each mission. Second, an efficiency measurement, called aircraft productivity, 

is computed. Finally, fleets of aircraft are corpared: first, for sets of know. and fixed 

requirements, and then in the light of varying cr uncertain requirements. 

In somewhat more detail: One first assures a budget constraint, i.e., a given level 

of budgetary expenditure. In this study the budget constraint was assumed to be 5C0 million 

dollars. This is a more or less arbitrary number which places the aircraft purchase far 

enough along the production learning curve to render negligible the effects of reasonable 

variations in the program size. 

The second input is the five-year program costs per aircraft, which consist of initial 

investment plus five years operating costs, based on an assumed 600 flying hcurs per year 

per aircraft. Using the budget constraint and the five-year program cost, the number of 

aircraft of each type is calculated that could be procured and operated for five years if a 
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all $500 million were spent for that particular type of aircraft. 

Turnina to the offoctivorome r-reerrortaitirro• ,  rMa 4. 4.. 

prOdUCtiVity per aircraft for each aircraft type. Productivity is based on the 600-flying-

 

hour per year constraint and takes into account: 

Airfield availability*; 

Payload; 

Range; 

Speed, etc. 

Finally, fleet productivity is determined for each mission by multiplying the per air-

craft mission productivity times the number of aircraft procured. thus, fleet productivity 

is defined as the annual number of missions that can be accomplished by a fleet of single 

type aircraft procured and operated for 5 years within the budget constraint of $500 million. 

For example: Figure 1 shows the productivity of four different aircraft types on a 

strike mission with the following fixed parameters: no loiter and 10-minute combat time. 

Productivity is plotted against the number of weapons delivered. The uppermost attack air-

craft is a single-engine attack aircraft with high load-carrying capability. Attack*  is a 

somewhat smaller attack aircraft, while Attack**  is a small jet attack aircraft. 

Figure 2 shows another strike mission with the parameters of three-hour loiter, 20-

minute combat tlme. Again the variable parameter is the number of veapoms delivered. In 

Figure 3, a cargo airdrop mission, aircraft productivity is plotted against mission payload. 

The preceding figures show the results of the efficiency computations in terra of the 

annual number of missions per 500 million program dollars. Per mission costs for each parti-

cular type of mission arc computed by inverting the productivity calculations. These costs 

are used in calculating the fleet costs discussed in the remainder of the paper. For ex-

ample, the costs per mission for the three aircraft types considered, first for a 50-weapon 

attack mission and second, a 2000-lb. transport mission, normalized on the least expensive 

mission, are shown in Table T. 

Airfield availability was the subject of the following paper, The Influence of Air-
field Availability on Airplane Effectiveness in Counterinsurgency Missfens, presented 
before American Helacopter'tociety Twenty-first Annuai National Forum, May i2-14, 
1965. 
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TABLE /. NORMALIZED COST/PER MISSION 

Aircraft Mission 

Utility 

Attack 

Transport 

Attack 
(50 Wirepunt,) 

i-

 

Transport 
(2000 lb.) 

5.20 

4.57 

-- 

1.64 

-. 

1.00 

2.3. CONSTANT MISSION MIXES 

It is convenient to begin by discussing fleet coots in the case of constant mission 

mixes: This serves to introduce the problem of varying mission mixes. A known and constant 

mission mix, for example, might be 40 percent attack and 60 percent transport, a proportion 

which repeats itself period after period. The question addressed is cne of comparing-the 

cost of pure (unmixed) fleets to that of an optimally mixed fleet. This is shown graphi-

cally in Figure 4 over the range of cases from 100 percent attack-zero transport to zero 

attack-100 percent transport. Shown vertically are the relative costs of the various fleets 

with the required capability and horizontally the expected mission mixes. 

As could be expected, the pure utility fleet cost3 more than the optimally designed 

fleet which utilizes the more efficient specialized aircraft or mixes of the utility and 

the specialized aircraft. In the 100:0 case, the cost of the all-utility fieet over the 

all-attack fleet (the optimal fleet fras an efficiency standpoint) is approximately 15 per-

cent, and in the 0:100 case, the utility fleet is about 60 percent more expensive than an 

optimal all-transport fleet. 

2.5. CHANGING MISSION MIXES 

In cases where requirements may change, the difference between a pure fleet (using the 

utility aircraft) and a mixed fleet is flexibility. That is, if the mix of missions does 

not turn cwt as expected, the utility fleet has the best capability to handle changing 

requirements. 

Responding to variations in requirements can be viewed as a surge capability in which 

the all-utility fleet has the greater capability to respond to unexpected shifts in require-

ments. As the Fig. 4 shows, the fleet tailored for any expected mission mix costs less 

than a utility fleet with the same capability. The utility fleet, however, can respond to 

changes in the mission mix better than the tailored fleet. The price of this capability 

is the cost differential between the fleet tailored for any constant mission mix and the 
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cost of the utility fleet. 

For any particular example, surge capability can be quantified. Suppose a hypothetical, 

but likely, expected missiun mix was eatimaied as 20 percent attack, 40 percent reconnals-

sance-observation, and 40 percent transport missions, for which the prXurtment of A pure 

fleet of utility aircraft or a mixed fleet (transports plus utility) was being considered. 

/n terms of costs, the all-utility aircraft fleet is 53 percent more expensive than 

the least-cost fleet of the utility plus the transport aircraft for this particular esti-

mated mission mix. But this extra expenditure for the all-utility fleet provides a greater 

flexibility than the least-coat fleet. In surge capability, defined as a situation when 

all the available aircraft are assigned to a single type of mission, the all-u'ality fleet 

shows considerable advantage in the light-attack mission. 

TABLE II. SURGE CAPABILITY 

Mission Su e Ca bilit , 

 

Tailored Fleet I All-Utility Fleet 

 

(X above expeved ,;.ission mix) 

1 Attack (10 weapons) 0 930 

2 Reconnaissance-Observation 

  

(3-br. loiter) 40 40 

3 Transport (2000 lb.) 420 420 

The capability to perform the attack mission can be increased by 930 percent of the 

initial requirement when the entire all-utility fleet is used for attack. The tailored 

fleet, however, cannot surge in the attack mission at all. 

In the reconnaissance-observation mission, the tailored fleet can surge to 40 percent 

more missions than in the expected mission mix and in the transport mission to 420 percent 

more missions. The all-utility fleet can match but not exceed the tailored fleet capability 

to surge in the reconnaissance-observation and transport missions. 

Procuring the all-utility fleet in this instance night be described as procuring escala-

tion insurance since, in essence, the additional cost buys the ability to respond to shifts 

from primarily logistic-oriented missions to mixes requiring greater proportions of attack 

missions. 

2.5. SELECTING AN OPTIMUM FLEET FOR CHANGING MISSION MIXES 

Changes in the expected mission mix result in what can be called multiple contingencies, 

that is, when the planner expects that several different mission mixes are likely to occur. 

Multiple contingencies occur either because of uncertainty about future cpelational require-

ments or because the mix of missions is known to vary. In either case, if the planner wants 
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to be equally prepared for each expected contingency, it is necessary to provide a flexible 

response capability. 

For problems dealing with many oontingenoies, i.e., sets ef requirements, linear pro-

grams can be used. However, for the two-contingency case, it is not necessary to resort 

to a computer program. When only two contingencies are considered, a simple graphic presenta-

tion is possible. 

The example that follows considers the two-contingency case which involves providing 

a fleet of aircraft adequate for one of two poasible sets of mission mixes, either of Which 

is likely to occur. For simplicity, each contingency is assumed to contain various propor-

tions of attack and transport missions only. Three aircraft types are evaluated s the attack 

aircraft, the transport, and the utility tircreft discussed earlier. The example illustrates 

the manner in which progressively more complex problems can be attacked. 

The purpose of the calculations is to obtain the cost of an optimum tailored fleet with 

the capability to respond to either contingency should it occur, and to compare this coat to 

the cost of an all-utility fleet with the Vine capability. The optimal (that is, least-

coat) fleet may contain only one type of airplane, a combination of two airplane types, or 

all three types. Its characteristics are generally such that the minimum contingency re-

quirement for any one mission determines .,,he minimum procurement of the aircraft best suited 

for that mission. The utility aircraft, because of its versatility, is used to cover the 

overlap or uncertainty, i.e., the dissimilarity between the two contingencies. 

Suppose, for example, that it is estimated that the mix c•Per any 100 missions will be 

either 60 percent attack and 40 percent transport in Contingency One, 20 :vivant attack 

and 80 percent transport in Contingency Two. 

As shown in Figure 5, for this example the minimum for transport occurs in Contingency 

One; it is 40 percent. For attack, the minimum occurs in Contingency Two; it is 20 percent. 

Thus the uncertainty requirement is between 20 percent attack and 6C percent attack, and 

between 40 percent transport and 80 percent transport. Note that in the two-contingency 

case, the maximum demand for one mission sets the minimum demand for the other mission. 

The maximum demand for attack is 60 percent and occurs in Contingency One, as does the nini-

 

mum transport demand of 40 percent. Therefore, as soon as two maxima or two minima or a 

maximum or a minimum for the same mission are specified, the other requirements follow. 

In the particular example, it turns out that the least-cost fleet would utilise all 

throe aircraft types: the attack, the transport, and the utility plane. On the basis of 

cost, expenditures on the least-cost tailored fleet are 30 percent for attack aircraft, 
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26 percent for transports, and 44 percent for utility aircraft. The cost of an all-utility 

fleet with the same capability has also been computed. If an all-utility fleet had been 

procured rather than the least-oost tailored fleet, the total cost to provide the same 

response capability would have been approximately 30 percent more than the tailored fleet. 

The next figure (Figure 6) illustrates over a range of cases the type of approach used 

in the above analysis. Any point on the bcandary or within the triangle shown on the figure 

represents the cost of a least-cost fleet, tailored for a particular set of contingencies. 

As uncertainty increases with regard to the upper sod lower limits of the mission require-

ments likely to be expected, moving to the left on the figure, the cost of a fleet capable 

of responding to both contingencies increases. In addition, as will be shown later, as the 

relative degree of uncertainty about mission requirements increeses, the cost of the least-

cost tailored fleet with the necessary flexibility approaches the cost of the all-utility 

fleet with the same capabilities. 

The vertical axis slows the cost of providing a tailored fleet to meet any set of con-

tingencies, troy among those considered here, measured relative to the cost of the fleet 

tailored to meet the least expensive set of contingencies. The latter, the Lower left-hand 

intercept, occurs when it is assumed that both contingencies are the same, i.e., when there 

is no uncertainty about requirements and when both contingencies consist of ICC percent 

transport missions. This is because transport missions are less expensive than attack 

missions. Therefore, the cost of providing the necessary capability is the Least when each 

contingency consists of 100 percent transport nissions. 

The horizontal axis shows the minimum attack requirement. This reqtirement can occur 

in either of the two contingencies for which the fleet is being tailored. As the einimun 

attack requirement increases, it follows that the maximum transport requirement nust de-

crease. Therefore, attack aircraft replace transport aircraft in the fleet. For any paati-

cular mission mix, the least-cost fleet is obtained by procuring in the cptimal proportions 

the aircraft specialized in each mission included in the mix. 

The lower bound of the cost envelope reflects the introduction of attack aircraft tn 

the fleet. As attack missions increase relative to transport missions, the cost of pro-

viding the response capability increases. The right-hand intercept represents a case of 

10C percent attack in both contingencies. Along the Lower bound, no utility aircraft are 

procured since there is no uncertainty about requirements. 

The most expensive fleet is cite which has the capability to respond When there is 

maximum uncertainty about requirements, i.e., where one expected contingency is 10C percent 

attack and zero transport, while the other contingency is just the opposite, zero attack 
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and 100 percent transport. 

I	 

One method by which this capability could be provided would be to procure two fleets, 

one compoeed Of all attack aireZaft for Ow 100 percent attack contingency and the other 

F with all transport aircraft for the 100 percent transport contingency. 

However, if the transport contingency occurred, then the attack aircraft, since they 

have no productivity in the transport role, would not he used, and if the attack contingency 

occurred, then the transport aircraft, since they cannot do attack missiOns, would be idle. 

The sum of the cost of these two fleets would be off the top of the figure. In cases like 

this, the utility aircraft, since it has productivity in both missions, can be used, arA 

a single fleet with attack and utility aircraft, but no transport aircraft, turns out to 

have the same capability but is less expensive than the two specialised fleets of attack 

and transport aircraft. The cost of this fleet is the upper left hand intercept. 

If the uncertainty about requirements can be narrowed, then ccats can further be reduced. 

For example, suppose the maximum attack requirement remained at 100 percent in one con-

tingency, but an attack requirement greater than zero was expected to occur in the other 

contingency. Than because specialized attack aircraft can be used in both contingencies, 

more attack aircraft are procured and the number of utility aircraft is reduced. As a result 

of the greater use of specialized aircraft, costs decrease. This is shown by the downward 

sloping upper bound of the cost envelope. 

Costa are also reduced if the vaxierum attack requirement is estirated tc be less than 

100 percent. In the two-contingency case when the maximum attack requirenent is reduced 

below 100 percent, a minimum transport requirement greater than zero is generated. Figure 

7 shows the cost reductions due to lowering the maximum attack requirement. Plotted against 

minimum attack requirerents, the upper bound of the cost envelopes for less than 1CO per-

cent maximum attack are parallel to the downward sloping lines labeled "Maximue attack 

requirement 75 percent and 50 percent." 

To review, along the lower bound, no utility aircraft are included in the fleet because 

there is no uncertainty about mission requirements. Along the upper bound, there are no 

transport  aircraft since the requirement for attack is 100 percent in one contingency and, 

thus, the minimum transport requirement is zero. Areas in between show the relatiwe costs 

of least-cost fleets for other sets of contingencies and contain all three aircraft. 

Figure 8 3hows the cost envelope for all-utility fleets capable of providing the same 

flexible response as the tailored fleets shown in the previous figure. The former are shown 

by dotted lines. For reference, the costs of the tailored fleets are repeated. In the 

case of the pure utility fleets, the moat expensive of any set of centinaencies is always 
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the one with the larger attack requirement. Thus, for any given maximum attack require-

ment, the costs are the same regardless of the minimum attack requirement. This is shorn 

by the dashed horizontal lines which represent "Mcximum attack requirement 100 percent, 

75 percent and SO payment." Thareft.re, the ell-utility fleet dosigned for any ;articular 

set of contingencies can do any other set of contingencies that have maximum attack require-

ments below that of the initial Get, i.e., any set of contingencies falling below the line 

plotting the maximum attack requirement. 

The cost differential between the all-utility fleet and the tailored fleet with the 

same capability is the vertical distance between the intercept of the maximum and minimum 

attack requirement carried over from the previous figure, and the same contingencies 

plotted for the all-utility fleet. 

As uncertainty *bout requirements increases, i.e., as the similarity between the two 

contingencies decreases, moving to the left on Figure 8, the cost of the least-cost fleet 

approaches that of the all-utility fleet with the same capability. 'Therefore, the cost 

differential between the two fleets is narrowed. At high levels of uncertainty, the savings 

provided by the least-cost fleets are only on the order of 10 percent. One might question 

whether such a saving is substantial enough to justify operating three different typo of 

aircraft in what are often primitive logistics environments. 

3. SUMMARY 

This paper has attempted to indicate a method of calculating the cost of providing 

a flexible response capability as dictated by a set of contingencies. The results of the 

two-contingency case indicate that savings can be realized through appropriate forces 

structure planning even though uncertainties in requirements exist. The study also shows 

that utility aircraft offer an efficient means to offset uncertainty. Finally, where 

there is a wide range of un.aertainty about requirements, the choice of an all-utility fleet 

seems to be warranted. 



APPENDIX 

The least-cost fleet envelopes shown in Figures 7 and 8 are computed as follows: 

Let N w the mission 

A, = the aircraft type 
2 

mij  = the cost effective& coefficients 

R m maximum requirement mission one, and 

r = minimum requirement mission one. 

Order a matrix of ats such that mission one is the most costly type of mission and 

aircraft one is the specialized aircraft best suited for that particular mission. In the 

example above, mission one is the attack mission and aircraft one the attack aircraft. 

The second aircraft should be the utility aircraft and the third the transport. The 

second mission is, of course, the transport mission. Therefore, the matrix is: 

Aircraft 
Attack Utility T-rensoort 

a11 a12 
.... 

.. a22 a23 

missions 

Attack 

Transport 

and.* 11 a12 and 423 4 422, since the specialized aircraft are core efficient than the 

utility aircraft. 

To determine the least-cost fleet, one minimizes the sum of the expenditures on air-

craft types one, two and three. These are designated as CI, C2, and C3. 

a a 23 .11 " r - 4 & thenE (c1  + C2  + C3) is minimized when 
22 12 

a22 
C1  = a r + - ---) (R - r), 11 11 m11 

C2 = a22 (R• r)' and 

C3 = 423 (100 - R) 

423 411 If on the other hand < 1 no utility aircraft are used. In this case 
—22 —12 

C2  = 0 and E (C1  + C3) is a minimum when C1  = all  R and C2  = m23  (100- r). 
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etTOL AND V/STOL TRANSPORT AIRCRAFT 

IN SUPPORT or  
COUNTERINSURGENCY OPERATIONS (Ti)  

(Unclassified) 

(b)(6) 

McDonnell Aircraft Corporation 
St. Louis, Missouri 

ABSTRACT 
(Unclassified) 

This paper contains a comparison of STOL and V/STOL 
transport aircraft with CTOL transports performing military 
and civil missions in a counterinsurgency environment. The 
major factors which bear on aircraft selection are discussed. 
These include productivity, loadability, landing site prepar-
ation, and site security. Mission costs associated with each 
of these aspects illustrate haw STOL and V/STOL aircraft 
are often more economical than CTOL regardless of their 
poorer productivity and the weight penalties that they pay 
for better take-off and landing capability. 

1. INTRODUCTION 

The evolution of more efficient aircraft propulsion systems in recent years has caused more 

and more emphasis to be placed on the development of various types of aircraft other than rotary 

wing types having short take-off and landing (STOL) or vertical/short take-off and landing (Y/STOL) 

capabilities. These aircraft will provide freedom from reliance upon fixed bases with long costly 

runways which are both fixed and relatively vulnerable to enemy attack. The advent of counter-

insurgency operations has intensified interest in transport aircraft which can permit a higher 

degree of troop mobility and closer support of ground troops in a battle area as well as support 

of the civilian population in isolated villages. 

I will discuss major military and civil applications of STOL and V/ST01. transport aircraft 

associated with counterinsurgency operations and will address myself to two questions: 

(I) What factors predominate in the comparison between CTOL, STOL, and V/STOL? 

(2) Which mission types favor STOL aircraft or V/STOL in contrast to CTOL? 

For comparison, I will also discuss VTOL (helicopter) aircraft primarily to place STOL and 

V/STOL in the proper context. The cost-effectiveness of each aircraft type will be determined in 

terms of cost to perform the various missions. In this context, effectiveness will be measured in 

terms of the number of vehicles required to perform the given mission. The job to be done will be 

constant for all aircraft types performing the mission. 

115 



C-141, C3 DEPLOYMENT 
102-300 

DIVMION 9,000 TOM 11M•litt 

'REDEPLOYMENT AND ASSAULT 
INFANTRY 

BATTALION 

'10-150 MISS 
*100 TONS 

10-150 
MILTS I ASSAUtT 

I INFANTRY 
IIATTAUON 

r• 

r-

 

3. MEMOS TYPES 
Tias rn 11 Hs anir on **ion a rot tato root a ro *Moot n Vitro ro 1 with soma i nal !rat inn & tho 

tonnages and distances involved. Radii ci interest are leas than SUS mile. with roost etriphasia on 

100 to POO miles, Redeptoynient RIO taw!, rit1no4ons are trill/1,01ar 11 nature in that the aircraft 

and fuel supply will be at one location, the troops to be moved ate second location, and their 

FIGURE 1. MILITARY MISSIONS - (AIRMOBILE) 

destination at a third location, Figure 2 lists both military and civil operations and indicates the 

aircraft characteristics and landing site characteristics which bear upon selection of the best air-

 

craft type. 

116 



N. Mi*Cam I .. __ _ _ _ 
TYPOS 

MILITARY OPHIATUIthit 

 

CIVIL 
OPERATIONS 

  

umeloymeet 

  

triousta  

ikliCii MOPS TO4 OF TROOPS 
*WPM OP 

TROOPS IN 

R2SUPPLY Of 
FOOD AND 

04ARACTIRISTICS 
4.----........-. 

MUNI 
SPOTS 

DEFINSIVELY Oa 
OFFENSIVELY RATTLE AREA 

SPARE PARTS 
(HAMLETS1 

PIRFORMAMCI 

    

PAYLOAD/RADIUS V V V, V 
CRUISE SPUD V, V, V, ll, 
TAKEOFF DISTANCE V V V V 

CARGO USUTATIONS 

    

CAJUN SIZE V V 

  

DOOR LOCATION 

    

CARGO HANDLING 

  

V 1/ 

LANDING SITE 

    

CHARACTERISTICS 

    

SITE PREPARATION 

    

AND MAINTENANCE 

    

AIRSTRIP LENGTH 

suima 

Y V V V 

PREPARATION AND 

    

MAINTENANCE V V V V 
LAME F IELD 

    

MOVEMENT 

 

V i 

 

SITE SECURITY 

    

LANDING PATTERN 

  

Y i 
ENEMY WEAPON 

      

CHARACTERISTICS  

  

ENEMY Foita SIZE 

 

Y 1/ Y 

ifi
nn

id
lIM

P l
iii

 10
11 1

41
N

 

FIGURE 1. AIRCAAFT SELECTION CHARACTERISTICS 

S. FACTORS AFFECTING SELECTION OF AN INTRA-THEATER TRANSPORT 

There are four important factors involved in the selection of an intro.-theater transport: 

• productivity 

• loadability 

• landing site preparation 

• site security 

Productivfty, as defined here, is a function Of payload, radius and block time. It is normally 

higher for CTOL (convontional take-off and landing) aircraft than for sToL or V/STOL since CTOL 

aircraft are designed for high payload/radius and cruise speed with less attention to take-off and 

landing requirements. 

117 



0.8 

0.7 

• ---vsToL, 
50.6•

 

\-STOI. • 

304 

0 
af0.4 
0 

20.3  

0.1 

Contributing to the penalties of !ROL or ViRTOL Is the need for achieving lift augmentation 
.t 'nape Is e vet 

distance. For a given wing toad1ng aa the take-off distance Is reduced, either horisontel thrust 
or nviMufl 4ft eoeffteleitt met be iseres2eth Whether lift or ttirnist =g2nentxtlent is achieved 
by thrust vectoring, refined wing lift augmentation schemes or by auxiliary power plants, penal-

ties in empty weight and cruise efficiency are incurred. The design compromises to achieve true 
STOL and \i ITOL capabilities will normally result in greater Installed power, means for lift 
augmentation, refined control systems, and interconnection of power plants; all contributing to 

higher empty weight to gross weight ratio and prcbably lower aircraft cruise efficiency (Refer-
ence I), Figure 3 shows the trend of take-off distance versus ratio of empty weight to gross 

weight for turbojet ind turboprop transports. Both existing technology and 1915 technology are 

1000 2000 3000 4000 5000 6000 7000 
TAKE OFF DISTANCE - FEET 

FIGURE 9. MILITARY TRANSPORT EMPTY WEIGHT TREND WITH TAKE-OFF INSTANCE 

Illustrated. Sixty existing fixed wing commercial and military transports were analysed and the 

military transports trend is showl here. Typical existing CTOL, STOL, and V/STOL transports 

whose performance and costs will be used throughout this paper are shown, illustrating the weight 

penalties paid by Fro L and V/STOL. 
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FIGURE 4, PRODUCTIVITY AND LCADABILITY COMPARISONS 
Items which are not loadable by the STOL or V/STOL but are Wadable by the CTOL aircraft must 
be moved by the CTOL aircraft and airdropped or delivered by a cargo extraction technique when 
comparing aircraft on an equal effectiveness bash. The number at aircraft required to perform 
the missions is given in Figure 6. 
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FIGURE 5. NUMBER OF AIRCRAFT REQUIRED TO PERFORM EACH MISSION 

In this part of the analysis, productivity and loadability play the only role. This chart shows 

the relative trucking capability of CTOL, STOL, and V/STOL and also indicates the relative num-

bers of aircraft required to perform these typical missions. The number of aircraft required for 

daily resupply of an Air Mobile Division are sufficient to deploy the division in 14 days, redeploy 

an Infantry battalion in six hours, conduct an assault in less than one hour or resupply 300 besieged 

hamlets of 1000 persons each with food and other necessities. 

The number of aircraft required to deploy or redeploy a military unit is a function of the time 

allowed to complete the operation as well as the size of the unit. Figure 6 shows the number of 

aircraft required to deploy an Air Mobile Division composed of 15,954 troops, their equipment and 

three days' supplies, 200 miles,  as a function of allowable time. Nat only do numbers of aircraft 
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required increase rapidly for deployments of lase than three days, but cargo handling and storage 

facilities are likely to be over-taxed. Since troops are often deployed to a temporary location, it 

may not be economical to construct large airstrips for CTOL aircraft operations if airstrips are 

not already available. 

Redeployment of troops or assault operations will nearly always require STOL or V/STOL 

aircraft since eultable c-roL take-atf and larding facilities are not likely to be close enough for 

practical use and since time available for the operation will be of the order of one day or less. 
It becomes difficult to redeploy a battaUon in less than three hours because of the numbers 

of aircraft and storage space required and time required for cargo handling. 

The mission costs, which include production and operating costs corresponding to the numbers 

of aircraft and flight hours shown in Figure 5 are shown in Figure 7. Production costs are based 
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FIGURE 7. hilBSION FLYING COSTS 

on a minimum aircraft buy of 900 aircraft amortised over a 20,000 hou- aircraft life. Operating 

costs include crews, POL, maintenance and accident repair. The COffte of these CTOL, STOL, 
and V/STOL aircraft operations per ton-mile are $0.41, $0.47, and $1. 07 respectively. 

The resupply costs include costs for moving the material to bsttalion level. The last leg of the 

trip is done by trucks in flat (valley) terrain or helicopters in mountainous terrain. 

4. LANDING SITE PREPARATION 

Landing site preparation time, manpower and equipment required, which is determined by 

the size of the site, condition of the surface and tire pressure of the aircraft, is generally less 

expensive for STOL and V/STOL aircraft. An indication of manpower and time required for air-

strip preparation of STOL and CTOL aircraft in two different kinds of terrain is shown in Figure 

8. In a counterinsurgency environment, where landing sites must often be prepared hastily and 

for infrequent use, preparation time may be excessive or preparation cost may be prohibitive. 

Since it is difficult to usefully employ more than one engineer battalion at a single airstrip, air-

strips requiring more than a few battalion days for construction are not likely to be practical. 

Typical forward area airstrips are shown in Figure 9 (Reference 2). The CTOL would have to 
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FIGURE 8. AIRSTRIP CONSTRUCTION EFFORT REQUIREMENTS 

operate into a medium lift forward area airfield which occupies a minimum of 18 acres of interior 

area compared with eight acres tor the light lift forward area airfield into which the STOL aircraft 

could operate. To facilitate CTOL operation at large payload, the runway would have to be 

0 
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FIGURE 9. FORWARD AREA AIRFIELDS 

lengthened to 3500 feet. Otherwise a C'TOL aircraft is further penalised because it would operate 

into a medium lift forward area airfield at a greatly reduced payload. 

The llght lift airfield approach zone and cleared zones are much longer than that required 

for a STOL aircraft which will land safely at a 70  glide elope and climb out on take-off at 8° at 

maximum gross weight. The airstrip need be only 1000 feet long since the aircraft can land in 

much less than 1000 feet and take-off with full payload in less than 1000 feet over a 50 foot obstacle. 

An airstrip tailored for V/STOL aircraft operations would not be appreciably smaller than a 

STOL strip If it were to handle reasonably high peak loads of traffic (six aircraft on the ground at 

once) because of the parking area required during loading and unloading. A facility large enough 

to handle six aircraft simultaneously would require nearly five acres of clear area, taxiway or 

landing pads, and the pads would require special treatment not required by STOL stripe. 
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The determination of airfield capacity is ilLustrated by the following example. Transport 
aircraft will probably flv above 3000 feet to avoid email arena fire, rmet.,,,,,intz 

over the airstrip to reduce the area which must be protected by friendly troops. Typical opera-

Mies at a forward area airfield would involve aircraft landings epaced *beet three minutes apart, 
which is the approximatoptime required for an aircraft to descend from 3000 feet plus a minute to 
enter the pattern. It is assumed that several aircraft would not be performing the spiral descent 
eimultareously. 

Five minutes is allowed for leaving the runway and preparing to unload while another five 
minutes is allowed for closing cargo doors, starting engines, end moving to the take-oft point. 
Unloading time is calculated at 1600 pounds per minute or 13 minutes for 83/ 4  tons. Allocating 

five minutes of the ten minutes on the ground for unloading preparation results in 17 minutes 
average time that an unloading space is occupied. On the average, six unloading spaces will 

z handle this traffic load. Applying elementary queueing theory where the service rate 1. 17 min-
utes for one of six service units available and the arrival rate is Poisson distributed with an 
average of one per three minutes, the expected waiting time is two minutes. An arrival rate 
of one aircraft every four minutes results in an expected waiting time of less than one-helf min-

ute. The corresponding arrival rate for CTOL is one aiAt.galt every five minutes and one every 
11/ 3  minutes for V/STOL. Increasing the number of unloading spaces to eight permits an arrival 
rate of one aircraft every three minutes with negligible expected waiting time. 

Figure 10 shows the costs of the site preparations ind associated engineer battalion-days 
required to perform the various missions. Clearly, CTOL operations are not competitive for 

these missions when airstrip coat is a factor. Note also that the airstrip construction costs for 
v/STOL are not significantly less than those for STOL when compared with total mission coots. 
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FIGURE 10, COSTS INCLUDING SITE PREPARATION 

Figure 11 shows the effect of mission radius on resupply costs in an environment which 

Is 25 per cent mountainous and where the battle  1.% moving rapidly enough that new airstrips are 

required each week. Airfield construction costs for CTOL are so high that airdrop is preferable 

In the mountainous terrain. VTOL and V/STOL are preferable at very short mission radii (under 

190 miles) but STOL is superior for radii greater than 190 miles and CTOL is never competitive. 



100 200 300 400 500 600 MISSION RADIUS (N.M.) 
NOTE 1) CTOL - CONSTRUCTED STRIPS (W/MATS) REQUIRED All THE TUE. 2) STOL AND V/STOL - CONSTRUCTED SUPS (W/0 MATS) NEEDEO TICE TIME 3)CTOL AIRDROP ASSUMES Yi =SOUND PAYLOAD RETURN VIA VTOL. 

SITI CONSTRUCTION RATE - MOLY 
CONSTRUCT SET Of STRIPS IN 3 DAYS 35% MOUNTAINS AND 7511 VALLEYS 

MUMS U. MIIIITION COST Va. 1130600N RADEUS 

S. IT= 51:CLTRTTY 
Bite smutty is the fourth and last Item that is important in stlection of an tntra-thsalsr transport system. Next to opted cd troop movement, security Is probably the most important advantagt of intro-theater air transport. Whirs roads exist, track transportation 1* 00 inexpea-stye comcered with aircraft traasportatton that 11 Is favored tor distances less than 100 miles unless roods are impassable became of witthor or entirt7  act. In Txmliarllumultellc7 opers tints weather and *carpi sett= centrally combine to make air transport more drairobte. 
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Site security is measured in terms of the size of the area which must be protected by 

friendly troops and the friendly troop density required. Security for aircraft on the ground 
• ral aoritrifir "Irwin! !onettno irvrtrt,nt .  Alt^ nortirity fele fbirrra,,ft eff, tlhg! evymnil 

depends on the range of the enemy weapon and is relatively independent of the aircraft take-off 

distance, During landing and take-off, site security is a hmetion of aircraft performance and 

vulnerable area as well as enemy weapon range. Figure 12 illustrates the differences in landing 

patterns and protection area between STOL and CTOL aircraft. STOL and V/STOL aircraft will 

probably have similar landing patterns because of their good controllability at slow speed. Vul-

nerability to ground fire during landing depends heavily on glide slope, glide pattern, and speed 
of descent; similarly, vulnerability to ground fire during take-oft depends on the climb out 
pattern and rate of climb. CTOL aircraft with their lower approach angle, higher approach 
speeds, and higher corresponding turn radii under 500 feet altitude require larger areas of 
protection than STOL or V/STOL aircraft. 

FIGURE 12. SITE SECURITY DURING LANDING 

Views of likely CTOL and STOL flight paths which could be used in a hostile environment, 

and the areas to be secured are illustrated in Figure 19. 
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FIGURE 19. SITE SECURITY SITUATION 

To achieve high survivability to enemy ground fire (e.g. small arms), it is desirable to 

descend from 3000 feet as rapidly as practicable in a tight pattern. A typical descent rate for 

all three aircraft types is 1500 feet per minute from 3000 feet altitude in the landing configur-

ation (full flaps and gear down) to an altitude below 500 feet, at which time the descent rate would 

be checked and the final approach pattern executed. 

During the descent from 9000 feet, CTOL aircraft would achieve a turn radius of 800-1000 

feet and STOL and V/STOL aircraft would turn in less than 400 feet radius. 

Figure 14 illustrates the relationship between speed, rate of descent, glide slope, and 

descent time. 
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FIGURE 14. LANDING RELATIONSHIPS 
Figure 15 summarises the relationship between protection area, number of men and perti-

 

nent landing characteristics. Security must be maintained while the site is being prepared as 

well as during landing and take-off operations. 

DISTANCE BETWEEN 
MEN (FEET) 

FIGURE 15. EFFECT OF AIRCRAFT PERFORMANCE ON SITE SECURITY MANPOWER 

At $9,800 per battalion day, the cost of site security is as shown in Figure 113. 



AIRCILAVT 
Tin 

MILITARY MISSI^.6.13 CIVIL MISSION 

I 
ILIM.G1TIMPII 1 

11101.10YMENT r 
REsUPPLY 

ASSAULT  
HASLET RESUPPLY 

01M4SE 

 

V/S1O1 1423,000 $4,000 $3,000 $1,274,000 15,490400 

STOL $187,000 SSADO $3,000 $362,C00 

-, 
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FIGURE la. SITE SECURITY COST 

The resulting total cost of the typical missions are listed in Figure 17. 

AIRCRAFT 
TY PI 

COST 
CATEGORY 

MILITARY MISSIONS 
CIVIL 

MISSION 

DEPLOYMENJ 

1 wax 

iEDOLGYMENT 
1-- 

RESUPPLY 

3
0 DAYS 

HAMLET 
giguppLy 
30 DAYS 

12 HOURS 

DEFENSE 
2 HOURS 

ASSAULT 

 

FLYING $1,931,000 166,000 111,000 55,792,000 $2,970,000 

 

SITE PREPARATION 23,000 2,000 2,000 232,000 170,000 
V/STOL 

SITE SECURITY 425,000 4,000 3,000 1,274,030 5,490,003 

 

TOTAL 3,379,000 72,000 [16,000 7,298,000 0,630,000 

        

FLYING $850,000 $31,000 $LOW $2,549,000 $1,410,000 

 

SITE PREPARATION 56,000 11,000 11,000 557,000 1424,000 
STOL 

SITE SECURITY 187.000 5,000 3,000 562,000 5,490,000 

 

TOTAL E,093 000 147,000 19,000 [3,668,000 8,524,000 

        

RT140 V 37,C00 126,000 $4,000 12,213,000 $1,169,000 

 

SITE PREPARATION 529,000 114,000 114,000 5,286,000 34,332,000 
CTOL 

stit SECURITY 211,000 32,003 30,000 633,000 5,490,000 

 

TOTAL 1,477,000 172,000 148,000 8,132,000 40,991,000 

FIGURE 17. TOTAL COST SUMMARY 
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8. CONCLUSIONS 
1. STOL and V/STOL aircraft are likely to be the major air transport vehicles in counter-

insurgency environments because of eMphiUBLII on shorter take-off and landing distance, 
out of airfield construction in time and manpower, and cost of site security. 

2. STOL transports are very attractive since much of their operation can take place without 
extensive site preparation. 

S. V/STOL treneports will be required in some difficult situations and will normally require 
about the gable site preparation and bite security an STOL transports. 
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AMBUSH DETECTION -- A WIMPY (U) 
-4SEeetir 

Edward K. Koprel kin 

U. S. Army Limited Wor Laboratory 
Aberdeen Proving Ground, Maryland 

ABSTRACT 
(Unclassified) 

The problems of ambush detection ore reviewed and the 
various parameters and technical approaches to the detection 
Of people are catitoorized. The proposals and efforts In the 
brood classes of chemical, biological, electromagnetic 
energy, acoustic/seismic, and environment modtflcatlun are 
discussed, and the present state of development Is described 
and compared with the desired goals. Where applicable, 
perfcemarice data and equipment specifications one included. 

THE PROBLEM (U) 

(U) The value of ambush m a regular method of warfare was recognixed very early; the ambush of 3500 years 
ago, described in the Anastasi Papyrus I, Is typical of those occurring today. 1  Now, as then, the ambusher 
bine, the element of surprise with odvantageous positioning of the orribush site and with continuing intense fire and 
rand action to establish initial superiority; he maintains his attack until he either has completed his mission or 
lost the initiative and adventitious. 

(U) Ambush can be defined os,on enemy-initiated incident which meets the criteria for on attack, and in 
which the enemy uses surprise In attacking a friendly force for which they hove been w.sitIng in concealment. 
Under this definition of cenbush It is possible to ambush stationary as well co moving targets, the latter including 
convoys or units on roods, peel-els or larger units traveling off rood, railroads, and vessels on canals or inland 
waterways. The problem of ambush has three aspects: prevention, detection and counteraction. 

(U) in detecting ambush we are hying to find hidden men each of whom con be considered to be o 
electricallycontrolld, chemical factory having raw inputs for producing internal power, its waste products being 
eliminated us solids, liquids, gases ond hoot, os Fencing reaction to many elements in its environment, and as 
absorbing or reflecting Intercepted ivuergy. Mon's operation as a machine, his reoction with his environment, his 
environment's reaction with him, totkther with the characteristics of the weapons, supplies and other equipments 
he conies with him, provide signatures on the basis of which detection might be occomplished.4 

(U) broadly, these signatures may be divided into chemical, biological end physical coteguries. Although 
when the Limited War Laboratory began its study of the personnel detection problem there &reed/ existed a con-
siderable body of dot on various characteristics of man, it was uncorreloted and only o 'mil percentage of this 
material was directly and specifically applicable to the problem of people detection. To provide the basis for a 
start, the Limited War Laboratory placed three :tudy contracts to wither and evaluate the stale of the art. The 
biological study was performed by the Biosearch Company,2 the chemical study by Mogno CorporatIon, 3  and the 
physical study by Kaltman instrumeot Company. 4  Those studies were unusually thorough and provided the infor-
motic.n for the data base opine which LVIL Queued the advantages and limitations of the detection principles 
applicable to each category. Shortly after the LWL program was under way, a Symposium on Ambush Detection 
was held at Aberdeen Proving Ground to review Army work directly related to the problem. The proceedings of 
this symposium comprise what was probably the first complete review held on the subject.8 
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Ideally, a personnel detector should be paulv•, lightweight, require little or no Internal power, have 
The capabii ity to anew, at considerable distances, even a single Individual and to count Individuals, provide 
output readings in both range and azimuth and perform its remote sensing in both line of sight and non-tine of sight 
mcdes. The response should be in real time and no operator skill or training should be necessory. The present 
state of deveiopment of the items In the program of the Department of Defense fall short of this Ideal by a con-
siderable margin. As an example, one of the prime Limited War Laboratory objectives it to provide a device for 
detecting as few as 10 concealed personnel at 100 meters rang* with substantially real time readout and light 
enough in weight, with all necessary power sources and other materials for 8 hours of continuous operation, to be 
monpacIzed. 

(U) The research and development program in ambush detection Is sizeable and coven o wide variety of 
approaches and differing deseees of promise. For convenient reference, Tables I to V list, respectively, the 
principal efforts in each of the following categories of ambush detection; chemical, biological, electromagnetic, 
acoustic/seismic, and site prepsration/environment modification. The main characteristics of loch approach ore 
listed Including the principle of operation, range, response time, whether active or poulve, whether wind—
dependent, arid other conditions of operability. Where available, Information Is also included on power require-
ments, weight, maintainability, requirement for operator training, cod, lead time, and potential to meet the 
requirement. 

CHEMICAL DETECTION (Li) 

'154., Of the numerous efforts In the Tneral:orea of chemical detection, the approach nearest to use In the 
field is the condensation nuclei detector which is capable of detecting ammonia, condensation nuclei, and on 

unidentified group of substances which has been collectively termed compound sigma. Based on the principle of 
the Wilson cloud chamber previously used successfully by the Navy in the ASR-3 for the detection of submarines 
at sea, its operation is shown schematically in Figure 1. The sampled air Is subjected successively to ionization, 

hydrochloric odd vapor and water vapor before enteting the cloud chamber. Its development Is proceeding under 
contracts with the General Electric Company In three forms: as a monpack device, a truck mounted detector, and 
on aircraft mounted detector. Figure 2 shows the monpack detector being worn and Figure 3 shows its interior with 

the battery-carrying cover removed. In its present form it can detect 10 individuals or fewer at distances of 90 •-• 

200 meters, and larger groups over considerably greater distances. Sompling air once per second, its response time 
is approximately ono second, and the indication may be read on o meter ond simultaneously heard through o ;sone 
conduction phone which does not interfere with the user's normal hearing. The power requirements are moderate 
and its 24-lb weight includes batteries sufficient to operate the unit for 8 hours before recharging. A small number 
of these Items ore already in Vietnam and art initial quantity of 200 units will be delivered to V letnom by August, 

1966. The vehicular venion has similar characteristics except fore higher sampling rote; on experimental model 

hot successfully completed preliminary tests in Panama. The aircraft mounted version is intended to detect larger 

groups of individuals and the sites of relatively large scale human activity on the ground. Preliminary tests with a 

breadboard airborne device have shown successful detection of groups of personnel and ground based human and 
industrial activity from altitudes over 3,000 feet and at air speeds in excess of 100 knots. It is expected that both 

the vehicular and aircraft versions will receive operational evaluation in June, 1966. 

164, Because of the general ottroctIveness of the mass spectroscope as a detector, LWL Is support Irg an experi-
mental investigation of this technique under contract with Vorion Assoolotes. The first phase of this work will 

check the mass spectra and ionization potential of some 25 compounds of Interest and will examine the character-
istics of selective permeable membranes. Our preliminary assessment inoicates that a miniaturized instrument 

possessing desirable characteristics may be feasible. If feasibility ond practicability are demonstrated, this 

technique will offer the capability of monitoring simultaneously several characteristic effluents from individuals, 

thereby possibly permitting determination of the ethnic origin of the individuol or provide on indication of the 

recent activities of on individuol because of subtle differences in metabolivr and alteration of effluents resulting 

from unusual or specific dieh. If diet or the characteristics of recent environment (as confinement in a tunnel) can 

be related to the detected effluent, It may be possible to obtain clues for discriminoting between friendly and 

enemy personnel on the bosis of these differences. 

(U) The Air Force has completed on interesting stuay on remote detection of penonnel6  In which they 

assessed the possibilities of LW spectroscopy, gas chromatography, flame ionization, flame emission spectroscopy 

and ionization particle counting. Of these, the latter approach appears to offer promise in detecting personnel bx 

detecting the organic dust particles stirred up by movement in the target area. Earlier wok by Picotinny Arsenal Id 

in assessing the usefulness of gas-liquid chromatography has indicoted that the time required for on indication is 

impractically long. 
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(U) Both the chemical approaches and biological approaches to be discussed next have received a thorough 
and critical evaluation by the institute for Defense Analyses. 7 

AiS), BIOLOGICAL DETECTION (U) 

The use of pigeons to detect people eppeoredaffrordive et the outset because the pigeon offered mobility and 
a hiahly refined defector combined with 0 proven correlation mechanism; the %tidy survival of the pigeon Is based 
on its ability to deect and assess, while in flight and acrcss considerable distances, both threat and opportunity. 
It was discovered early in the studies that the pigeon could be conditioned to detect people In o photograph, in a 
projected slide, or In actual envirannvere, and that it could be tout to fly a reconnoissance path along a rood or 
troll, making brief excursions alternately over oeposite.sides of the rood or in the open and seek out only thou in 
hiding. The final step of conditioning was to teach the bird to signal once detection hod been made. After 
numerous trials it was determined that the optimum signalling arrangement would be to train the bird to land briefly 
after sighting a target. This action shoves the modulation aro one-ounce transmitter carried by the bird from a 
warbling tone to a steady tone, and the altered signal is detected by the receiver hundreds of meters away. In the 
system presently being developed, trarunsitter-equipped pipeore are being specifically conditioned to fly from a 
loft on a moving truck, Figure 4, perform a surveillance flight along each side of the road arid ahead of the vehicle, 
signal when on ambush has been sighted and return to the vehicle. The pigeore normally fly from 100 to 300 meters 
oheod of the vehicle and art able to detect individuals in hfding up to 50 yards off the road. The development of 
a 12-pigeon vehloh-borne system Is now in progress and will be submitted for military potential tests and/or 
operational evaluation by September, 1966. The principal problem area still to be resolved is to consistently 
achieve the unique, reliable response which the bird is to make when detection has been made. 

The possibility of using trained German shepherd dogs to detect ambush Fad been reported by Project Michigan 
In a shady for the Electronics Ccennsand.8  The practicability of the off-leceh technique which permitted the dog to 
range freely ahead of a patrol was established during the summer of 1965. 11  In practice, the dog will curtomarily 
range 150 to 200 meters ahead of the patrol ond be able to defect hidden personnel at distances up to 103 meters 
away. Upon making defection hir conditioned resporae is such as to change the modulation of the signal from o 
2-lb transmitter carried around his neck; this change In modulation, picked up by the handler's receiver, is the 
cue that detection has been made (see Figure 5). Current plane call fix a joint program between the 26th Scout 
Dog Platoon and LWL to develop a dog system for military potential test and/or operational evaluation. These 
plans are now awaiting approval by CONARC. 

A study of the possibilities of Instrunented blosensors indicated considerable promise through use of whole glom 
bedbugs and a feasibility investigation of the scheme is underway. Using o simple breadboard arrangement, Figure 
6, air Is drawn Into a chamber in which a giant Mexicon bedbug is mechanically coupled to a crystal pickup and 
the amplified output of which 11 heard in the user's earphone, preliminary tests in Panama have shown that one or 
two men can be detected at ranges up to 40 meters, even under adverse tionain conditions. A second phase of this 
progrcrn has been Initiated to determine whether it is possible to directly monitor the signals from insect antennae 
In order to obtain a mare reliable response. Similar work has been reported by the Air Force in measuring nerve 
potentiol In inarumented cockroaches.") 

ELECTROMAGNETIC DETECTION (U) 

ILI., The wind-dependent non-line of sight characteristics of the chemical detector and the instrumented bio-

rensors are unsuitable if location of the target In azimuth Is desired, and for this reason a number of electromagnetic 

techniques hove been examined. One of the more recent efforts in this category is that of exploiting bockscotter 
from a laser beam. The study presently being undertaken for LWL by Melpor will determine the nature aid extent 

of Interaction between a laser bean and some of the specific effluents from man, Figure 7. It is hoped that the 
laser beam which is reflected In small concentrations of these effluents will be sufficiently altered by characteristics 
to permit detection and identification of reasonable distances. Evaluation of the data resulting horn this approach 
will be mode during the first quarter of FY 67. Other optioai effects have been cortsir"red and found unpromising. 

One of these was the possibility of detection by ultraviolet radiation of the mercury vapor released to the alt as a 
result of firing ammunition In which mercury Is an ingredient. Although owe-rive because it might provide specific 
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identilleotion of the enemy since U. S. ammunition does not contain mercury, a preliminary study indicates that 
the possibility of producing o prectical device is poor and no activity Is plonned. 

(U) Passive infrared radiation detection in the 8 to 15 micro, range offers possibility for aerial detection of 
ombush under fovorable conditions. The equipment is already In existence and some tests have indicated the 
practicability of defeating thermal gradient's the ground resulting frorn a variety of Fryman eativities end the use 
of powered equipment. Various active nmsr-IR devices now In the supply system such as the IR rifle scope and 
some proposed devices based on scanning with an IR loser boons should offer pronslse In detecting ambushes at night, 

lt).. Microwave radiometry In the 600 gigacycle range has been investigated preliminarily by Fronkferd 
Arsenale to determine what promise It offers In ambush detection. It should be poesIble through this technique to 
detect metal, such as portiere of guns and other equipment, which would reflect sky temperature and thus appear 
as cold bodies. Airborne microwave radiometry devices offer greater promise than those carried on the ground 
because of the more favorable angle presented from the air for seeing reflections from the sky. LWL is presently 
studying the potential of this technique In the 10 to 125 gigacycle range. Radar of several types has been investi-
gated of LWL Including X-bond, tub-nanosecond short-pulse technlques, 12  and CW-FM rodor13, 14  In on attempt 
to see Individuals through considerable thicknesses of brush and trees. In spite of the relatively large rector cross-
section of man, the low signal-to-noise ratio, ambiguities and equipment Ilse and'complexIties have shown that 
these approaches hold little promise, confirming the results reported on similar approaches by the Electronics 
Command. 8  The PPS-5 doppler radar developed by ECOM, now undergoing test In Vietnam, provides fairly good 
detection of infiltration over a wide variety of terrain conditions but Is not effective through brush and dense under-
growth. Other E COM work of Interest Is the combination of airborne infrared and side looking rector installed on 
the Moncnvk aircraft and the Airborne Cowcatcher Rodor. 8  An LWL study bosed on o suggestion mode by two 
students at the University of Rochester will determine the practicability of o scheme using radar at 150 megocycles 
for detection of rifle barrels at o distance through employment of resonance phenomeno. 

  

  

   

   

ACOUSTIC AND SEISMIC (U) 

/tst, It would seem that passive acoustic and seismic approaches ore procticol for detecting ambush over s-ort 
distances and might also be attroctive from the viewpoint of detecting intrusion. One device which has been 
developed to explore the possibilities of this technique is t-• u'trosonic aco.stic detector which responds to sounds 
In the 27KC frequency range and capable of detecting sounds generated by a quietly moving individual at distances 
out to 50 and even 100 meters. Several modes of this device, Figure 8, which provides an auditory output have 
been built for evaluation and are being refined and Improved for field trial. LWL has also exomined the possibility 
of using highly sensitive, highly directional microphones In the audible frequency range . 15  With experimental 
devices, Figure 9, in which selected frequency bonds ore used, It Is possible to cleorly identify human voices and 
other -urnan activities In the normal noise level of o forest at 100 meters tongs. 

(U) There appeared to be some evidence that the presence of numons In a forest or wooded orno, In or 
ambush situotion, would alter the normal sounds of the forest because the human intruder would inhibit the singing 
of birds, the calls of small animals and possibly the sounds of insects. The feasibility of this opproach was studied 
end considerable data were obtained in experiments conducted in Panorna. 16  Altnough some chanae in the normal 
forest noise background pattern resulting from the inttusion of humans was noted, most of this change relied on the 
presence or absence of specific species of birds wnich were not present in sufficient nur.ber to provide o rellooie 
bails for detection. 

(U) Frorn time to time It has been proposed that the infrasonic spectrum in the 10 to 30 cycle rove should be 
investigated to determine if individuals con be detected at a distance through the sounds generated by heartbeat 

ord breathing. This approach offers no promise becouse of th• extremely low levels of energy emanating from the 
human and the normal noise bockground of the forest. 

SITE PREPARATION AND/OR ENVIRONMENT MODIFICATION (U) 

(U) There appears to be some promise in detection of ambush and/or intrusion througn the use of chernicols, 
radlont energy, emplanted sensors or the Ilk., where conditions permit or the Importenc• of a specific situation 

allows, and a number of studies hove been mode on various approaches. 

"(S1 One interesting Air Force approach9  Is to seed on area ureose for chemioally marking and detecting 

individuals. Tne urease Is rubbed off from folloge onto Individuals and reacts with the urea In normal perspiration 
to produce ammonic in relatively high concentration thereby increasing the probability of detection Dy chemical 
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or other means. Although the logistics difficulties are extensive, this approoch would appear to offer Increasing 
premise with the availability in the field of the chemical detector. Another Air Force technique In the same 

Frii.erused disseminating an uitravioiet excited fluorescent powder which can be detected through use of a 
W source, either airborne or on the ground. 

G), Ambush may be prevented through area denial If crIticat wooded or brush filled area adjacent too rood 
con be seeded with an insect attractant. Experiments at LWL indicate that it is possible to sow a chemical In 
those arose willah will attract insects, excite their biting reaction and thereby make the area untenable to visitors 
bemuse of physiological distress. The chemical, contained in glass miorooapil Figure 10, would be dis-
persed In o selected arse, the chemical releasing slowly over o period of hours from the open ends of the glees 
tubas. Field experiments are scheduled In Vietnam for the first quarter of FY 67. Various physiologically 
effective agents for producing distreu has also been considered for direct sawing onto on area to be denied to the 
enemy. In view of the low promise of this approach no further action is planned. 

14 It has been proposed from tin* to time to employ high intensity sound for flushing out the enemy or re-
ducing their activities through physiological distress. An examination of this approach shows that it is not 
promising. The vs* of flickering lights or high intensity light flashes far the same purpose is also considered un-
promising because of the uneertairiy of effectiveness, the high powers required and the liklihaxl of effective 
countermeasures. Although odvantos in the state of the art may permit effective mil-penonnel application of 
high power laser flashes In ambush situations, much higher powers and efficiencies mutt first be ochleved. 
Similarly, the proposed use of high energy UHF radiation to induce matures or other forms of Incapacitation has 
been dropped after some experimentation. 

ItE9. Numerous efforts are underway to determine the effectiveness of implanted acoustic, seismic or electro-
magnetic season which, when combined with a suitable t ranamiulon link, will signal the presence of the enemy. 
Although the logistics problems of such schemes ore high and there ore bound to be frequency band limitations, 
there may be applications for this technique 1mm specialized Instances. WorlA in this area Includes the Implanted 
carrot radar MTI done for Electronics Command ky University of Michigan,'" the active seismic system developed 
at ECOM which detects deformation of the ground resulting from movement of individual, or whicles8  and the 
interesting experiments reported by the University of Michigan In which a free-flight balloon carrying o micro-
phone and transmitter was permitted to float over relatively long distances to relay the sounds of activities on the 
ground. The work in this field by various agencies and laboratories of the Amy, Navy and Air Force is 
constantly being cross-monitored. 

"(e.)- FUTURE PROGRAMS (U) 

eased or the existing state of the art it is highly unlikely that the idealised detection system employable 
on the ground and in the air, which is specific with regard to people, provides range ond uxirnuth information, is 
reliable In all weather and performs under both day and night conditions, is ochlevable In the foreseeable future. 
Our iminedloht hope lies In improving the systems ni v under development and in cornVoIng two or more systems 
together to Improve detection reliability and reduce false alarm rote. 

1 

1 
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(4) Study in progress. 
(5) Completed Study. 

(1) 200 to be in Vietnam by August 1966. 
(2) Operational evaluation, RVN, beginning June 1966. 
(3) Operational evaluotton, RVN, beginning June 1966. 

[11 IMP 1111111  '1111.1 OEM 

MI, TALE) CHEMICAL (U) 

 

Ctsl 
Manpock 

C N 
Vehicular 

C N 
Aircraft 

Mau 
Spectro- 
meter 

UV 
Spectres, 

copy 

Gas 
Chrome- 
togrophy 

Flame 
Ionization 

Ion-
;ration 
Particle 
Count 

Flonve 
Emission 

Spectroscopy 

Basis Detection of effluents of man 
(onenonia, compound sigma, 
condensation nuclei) 

detection 
of 

specific 
effluents 

detection 
of 

specific 
effluents 

detection 
and 

isientifi- 
cation of 
specific 
effluents 

measure- 
Rent of 
total or- 
genic 
content of 
or stream 

detection 
of ossonic 
dust pm- 
tides 
stirred up 
by move-
ment in 
twee °tea 

measurement of 
emitted Tight 
from metal ions 
in skin particles, 
etc. 

Range, meters,<10 indiv. 
Range, seeters,540 indiv. 
Active or Passive 
Response time - Sec. 
Readout 

90-200 
> 200 
Passive 

1 
meter + 
auditory 

90-200 
>200 
Passive 

1 
meter + 
auditory 

90-200 
> 203 
Passive 

1 
meter + 
auditory 

Unk 
Unk 

'Passive 
10 est. 
meter 

Unk 
Uric 
Possive 
— 
chart 
truce 

Unk 
Unk 
Passive 

~1000 
chart 
trace 

Unk 
Unk 

Passive 
— 
meter 

link 
Unk 
Posive 
— 
meter 

Link 
Unk 
Passive 
— 
chart trace 

line of Sight 
Wind Dependent 
Affected by Rain 
Day and Night 
Operable while moving 

No 
Yos 
No 
Yes 
Yes 

No 
Yes 
No 
Yes 
Yes 

No 
Yes 
No 
Yes 
Yes 1-<

 -<
 a

, -
< 

z 
a 

° 
a 

No 
Yes 
Partial 
Yes 
Yes 

No 
Yes 
Partial 
Yes 
Yes 

No 
Yes 
Partial 
Yes 
Yes 

"1 
No 
Yes 
Ferrol 
Yes 
Yes 

No 
Yes 
Partial 
Yes 
Yes 

Power Requirement 
Weight-pounds 
Maintainability 
Degree of Operator Trig 

Mod 
24 
Nod 
Mod 

Mod 
100 
Mod 
Mod 

Mod 
100 
Mod 
Mod 

Mod 
10-15esk 
Uric 
Mod 

— 
— 
— 
— 

— 
— 
— 
— 

— 

— 

— 
— 

— 
— 
— 
— 

Estimated Cast, $ (quantity) 
Lead Time (months) 

1500 
5 

15000 
5 

15030 
5 

Unk 
Unk 

— 
— 

— 
— 

  

— 
— 

Potential 

Agency 
Stoke 

Good 
LWL 

(1) 

Good 
LWL 
(2) 

Good 
LWL 

(3) 

Uric 
LWL 

(4) 

Poor 
AFSC 
(5) 

Poo( 
AFSC 

(5) 

Poor 
AFSC 

(5) 

Fak 
AFSC 

(5) 

Poor 
AFSC 
(5) 
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N.. TABLE 11 BIOLOGICAL (U) 

 

Pigeons Dogs lraecte 
Other tristrumented 

Biorersors 

Basis Visual recognition by Olfactory detection by Movement savories of Monitarirg of electrical 

 

transmitter-equipped transmitter-equipped bedbugs to specific sigrols directly from 

 

pigeors specifically 
conditioned to 5nd 
personnel in hiding. 

dogs trained to find 
personnel in hiding. 

efnvents of man. ;react antennae. 

Range, meters, (10 irsdiv. 100-300, 50 from bird 100-200, 100 from dog 30-40 

 

Range, meters, >10 indiv. 100-300, 50 from bird 100-200, 100 from dog tisk. (ink. 
Active or Passive Passive Passive Passive Passive 
Response time - Sec. 2-3 2-3 2-3 2-3 est. 
Readout Modulated radio link Modulated radio link auditory meter+ auditor/ 

Line of Sight Partial No No No 
Wind Dependent No Yes Yes Yes 
Affected by Rain Partial Partial No No 
Day and Night No -No Yes Yes 
Operable while moving Yes Partial Yes Yes 

Power requirement low law low low 
Weight-pounds 250 2-lb radio 5 (ink 
Maintainability low low faro Link 
Degree of operator training rr3d mod low riod 

Estimated Cost, (quantity 1CO3 1030 100 Unit 
Lead Time - months 3-4 2-3 3-4 (ink 

Potential good good fair (ink 

AaluxY LWL LWL LWL LW'-

 

Status (I) (2) 
(3) (4) 

(I) Development of 12 pigeon vehicle-borne system in progress for military potential test and/or operational evaluation. 
(2) Feasibiiity program completed. Development of system for operational evaluation under cors:denation_ 

(3) Feasibility investigation in progress. 
(4) Study and experimental program initiated. 
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TAL lit ELE-C1ROMAGNETIC (U) 

 

Laser 
fackscotter 

UV Detection 
of Hg 

IR 
8-1541 

IR 
2-5.Ar 

Microwave 
Radiometry 
10-125 pc 

Roder 
Kph Rat. 

ORCRI ST 
t50 mc fackrr 

!Anis Optical inter- 
action with 
specific 
effluents. 

Absorption of 
UV by mercury 
vapor from 
fired shell. 

Radiation 
from 
humans in 
ICUttancte• 

Reflection 
of IR from 
target. 

Detection of 
"cold" bodies 
such as metals 
reflecting sky 

1SelletnzltVret. 

()election of 
large radar 
cram section 
of mon. 

Detection of 
rifle be mei 
nnorerce. 

Rorge, meters, <10 indiv 
Range, meters,,10 indiv 
Active or Passive 
Response Time - Sec. 
Readout 

Unk 
Unk 
Active 
41 
meter 

N/A 
WA 
Active 
10 Est. 
— 

Unk 
Unk 
Paesi*e 

4.1 
Scope or 
meter 

Uric 
Unk 
Active 
<1 
Scope or 
meter 

Unk 
Uric 
Passive 
<1 
Motel 

Dep on foliage 
Dep on foliage 
Active 
41 
ArxRbile,scops, 
meter 

Uric 
Unit 
Active 
41 
audible , 
meter 

Line of Sight 
Wind Dependent 
Affected by Rain 
Day and Night 
Operable while moving 

Yes 
No 
Yes 
Yes 
Yes 

No 
Partial 
Yes 
Yes 
Yes 

Yes 
No 
Yes 
Yes 
Yes 

Yes 
No 
Yes 
Yes 
Yes 

Partial 
No 
Partial 
Yes 
Yes 

Yes 
No 
Partial 
Yes 
No 

Yes 
No 
No 
Yes 
Partial 

Power Requirement 
Weight - Pounds 
Mointainobi I i ty 
Degree of Opercrtor Tog 

Mod 
Unk 
Uric 
Mod 

High 
U rik 
Unk 
Mod 

Mod 
50-100 est. 

Unk 
link 

Mod 
<30 est 
Unk 

Unk 

Mod 
50 est. 
Mod 
fAnd 

Mod 
30-100 est. 
Poor 
Mod 

Mod 
iC 100 
Mod 

Mod 

Estimated Cost, $(quantity) 
Lead Time - Months 
Potential 
Agency 

Status 

Unk 
Unk 
Link 
LWL 
(1) 

Unk 
Unk 
Poor 
— 
(2) 

Unk 
Unk 
Fair 
ECOM 
(3) 

Unk 
Uric 
Fa' ,  
ERDL 

(4) 

20 K 
Uric 
Fair 
ECOM,LWL 

(5) 

Uric 
Uric 
Fair 
LWL 
(6) 

link 
Unk 
Fair 
LWL 

(7) 

(I) Study in progress. (5) Nb action planned. 
(2) No action planned. (6) PPS-5 (doppler) now in Vietnam (ECOM). Shod pulse (10 pc) aird 
(3) Equipment available. 

 

FM-CW studied (LWL); no further action planred. 
(4) Equipment Available, additional effort underway. (7) Current program. 
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1€4. TABLE IV ACOUSTIC AND SEISMIC (U) 

j 
Acoustic 

ul trasonic 
(27 KC) 

Acoustic 
audible 

(20-2200(k) 

Forest Sound Sp.ctrum Infra-sonic (20 cycles) 

Basis Sounds generated 
by moving target. 

Sounds gener- 
eted by forget. 

Change in normal forest 
noise barlground pattern 

resulting from intneion 
of humans. 

Sounds caner:dud by heart-
boat coed breathing. 

Range, meters, <10 indi v 
Range, teeters, >10 indiv 
Active or Passive 

Response tirne - Sec. 
Readout 

5)-100 
50-100 
passive 
<1 
auditory 

100 
100 
passive 
<1 

auditory 

ICC est. 
100 est. 

piassivvs 
<1 

scope 

<2 
<2 

pcasive 
<1 
visual 

Line of Sight 
Wind Dependent 

Affected by Rain 
Day and Night 
Operable while moving 

no 
partial 

rits 
yes 

partial 

no 
partial 

Yes 
yes 

partial 

no 

partial 

Yes 
yes 

partial 

no 
no 

Yes 
Yos 
partied 

Power requirement 
Weight - pounds 
Maintainability 

Degree of operator training 

low 
1 

good 
low 

low 
5 

good 
low 

mod 

— 
UM, rown 

mod 

tow 

— 
— 
— 

Estimated cost, S(quantity) 
Lead time - months 

300 500 — 
— 

— 
— 

Potential 

Agency 
Status 

fair 
I.WL 

(I) 

fair 
LWL 
(2) 

nil 
LWL 
(3) 

nil 
— 

(4) 

11••• 
db. 

(I) Development Program on-going 
(2) 4 acoustic telescopes being procured to meet field 

requirement. 

114110a4 IA ..J.41rVia .• • 

(3) Study program completed. No Further work planned. 
(4) No worit planned. 
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15).. TABLE V. SITE PREPARATION AND/OR ENVIRONMENT MODIFICATION (U) 

 

Intact 
Attractant 

Physiologically' 
effective agent 

Seeding with 
reactant (crease) 

High Intensity 
Sound Light Flicker 

High Intensity 
Hash 

Lotet 
EAPpl anted Sr eson Flair 

Action area denial area denial human effluent 
• nhancersent 

flushing out, 
reducing en- 
rosy effective- 
ness 

reducing enemy 
effectiveness 

 

reducing 
enemy 
effecti 
nen 

trarsassion 111 info 
so einswry pet se ncsi 
or aztiyity 

reducing emery 
• Ffecti WM'S& 

Basis physiological 
distress 

physiological 
i distress 

reaction with 
perspiration 
produces armee,- 
nia which con 
be detected 
chemically 

physiological 
distress 

physlacgicol 
ashen 

physioloaical 
distress 

partial 
blindness 

acoustic, seinsic 
or electroreopnetic 

sermon with trcws-

 

mutter 

-tossed to friendlies 

 

l ow moderate low 
. 

moderate 

  

low to 
mod 

sone 

Period of 
Effectiveness 

PbotifS seconds to 
minutes 

minutes to 
hours — — 

 

urr hoses to dars 

Logistics difficulties moderate high high high high high mod to 
high 

high 

Power requirements low low low high high high , mod to 
high 

low 

Potentio1 fair puor fair poor nil nil wit poor to foi , 

e.._r_i_to LWI. LWL AF LWL,others LWL, others — — — 

Steno (I) (2) (3) (4) (4) (4) (5) (6) 

(I) Field experiments in SEA scheduled for 1st Qtr, FY 67 (4) No further action, planned 
(2) Study only, no further action planned (5) State of the art being monitored 
(3) Air Force study continuing (6) Numerous efforts wholly or partially directed to this are monitored by (ANL 

and racist other agencies and Lobs in Army, Nary cind Air Force 
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FIGURE 2 MANPACK DETECTOR IN USE (1) 



FIGURE 3 MANPACK CTOit, COVER REMOVED (U) 
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FIGURE 5 DOG AND TRANSMITTER (U) 
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FIGURE 6 BREADBOARD MODEL BEDBUG-BASED DETECTOR (U) 
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FIGURE 7 BLOCK DIAGRAM - LASER BACKSCATTER DETECTOR (U) 
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FIGURE 8 ULTRASONIC ACOUSTIC DETECTOR (U) 
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FIGURE 9 ACOUSTIC TELESCOPE (U) 
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FIGURE 10 MICROCAPILLARIES (U) 
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DEFENSE  AGAINST UNDERWATER 

SWIMMER ATTACK (111 
Iturret4 

Shyne B. Marley 
Robert W. Denton 

U. S. Navy Mine Defense Laboratory 
Panama City, Florida 

ABSTRACT 
iv  

A description of the environment and conditions at several 
locations in Vietnam and their relationship to possible swimmer 
attack are discussed briefly. The resulta cf tests in CONUS 
and Vietnam with aritiswirnmer nets indicate the lack of useful-

 

ness of nylon nets in areas with high currents and heavy con-

 

centrations of debris. Preliminary test results from a abort-

 

range development program indicate that swimmers may be 
detected by means of the AN/SQS-37(XN) or AN/SS-28(V) 
small boat sonar at ranges varying from 50 to 200 yards. A 
long-range development program for providing a system for 
defense against underwater swimmer attack through use of a 
180-degree sector-scanning multipencil beam sonar utilizing 
an acoustic lens approach for subsurface surveillance and 
detection and a high-resolution radar and infrared system for 
surface surveillance is described briefly. The weapons for 
the system include over-the-side hand-thrown charges or 
gun-delivered charges along with acoustic simulation and 
electrical current deterrents. Field expedient procedures' 
that have been provided to ships in order to minimize the 
probability of successful attack by swimmers are discussed 
briefly. 

1. DEFENSE AGAINST UNDERWATER SWIMMER ATTACK 

Millions of dollars worth of material and many lives may be lost through successful Viet Cong 

swimmer attack against allied shipping, watercraft, or port installations in Vietnam. Intelligence 

reports indicate that the Viet Cong are in the process of building a swimmer attack capability and 

may conduct an all-out effort in this type of warfare. 

Based on these intelligence reports, the reasons this type of an all-out effort has not yet 

been attempted could be the following: 

a. Lack of supporting technology and hardware. 

b. Scarcity of experienced and trained personnel. 
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c. The Viet Cong command has not yet reached a level of desperation tc be forced into an 

d. The Viet Cong possession of insufficient hard intelligence on the potential and actual 

vulnerabilities in existing allied antittwimmer defense measures. 

Intelligence reports indicate that two categories of Viet Cong swimmers may be encountered 

in Vietnam. The first category is the sophisticated swimmer who has had formal training in the 

use of at least one type of underwater breathing apparatus, the use and placement of explosives, 

and the tactics for carrying out an attack against shipping and shore installations. The second 

category is the unsophisticated swimmer who has not been formally trained, clad in bathing 

trunks, swimming on or near the surface, with no aids other than a homemade,snorkle and 

transporting a crude mine to be attached to the ship's hull. Both types of swimmers 'will use 

camouflage and water currents to advantage while making an attack. 

The swimmer may approach his target: 

a. From unsecured river banks or beaches in the vicinity of docks, piers, or anchorages. 

b. From unsecured areas upstream from the docks, piers, or anchorages. 

c. From indigenous small crafi passing through or in the vicinity of the target areas. 

The following slides depict typical areas in Vietnam where ships are in the process of being 

off-loaded, and also will show how easily a swimmer attack could be launched against ships: 

a. Slide Number 1 - Ships tied ep to docks at Saigon being off-loaded. 

b. Slide Number 2 - Ships being off-loaded at Saigon. Notice the density of ships and in 

particular the houseboats tied to the mooring buoys of the freighters in the middle of the river. 

c. Slide Number 3 - This is a c:ose-up of the houseboats tied to the mooring buoy for the 

freighter. 

d. Slide Number 4 - Housing and uncontrolled territory across the river from the loading 

docks. Notice the small river craft which could transport swimmers. 

e. Slide Number 5 - Typical small boat on Saigon River. There are large numbers of these 

boats on the river at all times, and swimmers can easily launch an attack from these craft. 

f. Slide Number 6 - Cam Ranh Bay. This slide shows the LST ramps and open storage for 

cargo. 

g. Slide Number 7 - Close-up of previous slide shnwing the LST ramps more clearly. 
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h. Slide Number 8 - Close-up of Cam Ranh Bay showing ope.i storage area and native village 

in for earnest et. 

L Slide Number 9 - This slide is of Da Nang Harbor and shows the LSTs being off-loaded at 

Tien Se U. S. Navy Base. These are the only ships that can be off-loaded without the use of 

lighterage. All other heavy ships are in the open anchorage areas, as shown in the next slide. 

J. Slide Number 10 - Ships at open anchorage in Da Nang Harbor. Theme ships era 

loaded by lighterage or barges. 

At present these ships and storage areas are vulnerable to swimmer attack. What is being 

done to minimize the threat to shipping by swimmer attack? 

Presently, programs are under way at the U. S. Navy Mine Defense Laboratory to develop 

equipment that will provide a defense against swimmer attack. These consist of both short-range 

and long-range development programs. 

The short-range development program is oriented toward providing an interim capability for 

swimmer defense until the long-range Antiswimmer System can be developed. Only the subsur-

face surveillance unit and destructive countermeasures are being considered under the short-

range program. The sonars presently being tested for swimmer detection are the All/SQS-37(XN), 

AN/SS-28(V), and the AN/SS-19. The AN/SCS-37(XN) lea modification of the AN/PCS-113 

diver hand-held sonar for application to mine hunting in the river environment. It is a CTFM 

sonar operating in the 50- to 90-ItHa frequency band with a maximum range scale of 240 yards. 

The AN/SCS-28(V) is a commercial sonar (Sea Scanar) produced by Honeywell. Inc., and is a 

pulsed CW type operating a, 175 kHz with a maximum range scale of 1600 feet. The AN/SCS-19 

is a CTFM small boat mine hunting sonar operating in the 64- to 76-kHz frequency band with a 

maximum range scale of 1200 yards. Under controlled test conditions, the nominal detection 

ranges for the AN/SCS-28 and AN/SS-37 have been approximately 50 yards against a surface 

swimmer and 200 yards against a subsurface swimmer. 

k. Slide Nu.riber 11 - Tine slide shows the percent detection versus the detection range in 

feet for the AN/SCS-28, Sea Seenar Sonar. These were alerted runs. That is, the sonar operator 

knew the approximate range and bearing of the swimmers. Concentrations of particulate content 

which :nay be present in the rivere and bays of Vietnam can reduce these detection ranges 

appreciably. 
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The final selection of the sonar will be made when the sonar tests are complete and the test 

data analyzea. me weapon being tested tor me destructive countermeasure is an 81-mm Mark z 

Mod 0 mortar with rounds adapted for use against the swinvner. Titi• mortar can be pier mounted 

or installed on boats as small as 36 feet in length. Test work is schedaled to be complete for both 

the sonar and weapon in December 1966. 

In late September 1965, the U. S. Navy aline Defense Laboratory evaluated various types of 

lightweight nylon nets to determine their effectiveness as a deterrent ta swimmer attack. The 

trammel net, one of the types tested, was found to be effective in taa entanglement arid entrapment 

el unalerted underwater swimmers under experimental laboratory coiditiona. Several prototype 

nets were taken to Vietnam fo/ operational testi. The environment of Vietnam, including high 

currents, sea states, and debris concentrations, proved too harsh for any practical application 

of the nets. 

As a part of the long-range development program, limited tests have been conducted at the 

U. S. Navy Mine Defense Laboratory utilizing an experimental acoustic lens sonar. This sonar 

operated at a frequency of 25 kHz, source level of 108 db, beam width of 6 degrees in the horizon-

tal and vertical planes, and a variable pulse width from 0.25 to 1 millisecond. Swimmers using 

scuba equipment were tracked on the bottom (40 feet) and at mid-depth to ranges of 350 yards. 

Scuba-equipped swimmers exhibit target strengths on the order of -30 db. Target spheres with a 

target strength of -10 to -13 db were tracked at a 20-foot depth to a range of 600 yards. Test work 

will continue with an advanced model of the acoustic lens sonar in July l968. 

Under the long-range program, an Antiswimmer System will start in fiscal year 1967. This 

system provides for subsurface and surface surveillance and deterrent and destructive coanter-

measures. The subsurface surveillance unit will consist of an active 180-degree sector-scanning 

sonar using multipencil beam techniques. This sonar will include adapters for mounting on a ship, 

pier, small boat, harbor, or bottom. Means of electromechanical rotation will be provided for 

the bottom-mounted configuration. The surface surveillance unit will consist of a radar and an 

infrared detection device for detection of swimmers on the surface. Deterrent countermeasures 

will be designed to prevent the swimmer from accomplishing his mission. The introduction of 

various sounds into the water by means of underwater loudspeakers for the purpose of simulating 

snips' screws or other noises which may mislead the swimmer as to the amount and type of 
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activity in the harbor area may provide some det -irrent. The generation and introduction into the 

water of relatively fat rise time electrical impulee• may ha naaCil in 

water in either deterring or killing the swimmers. The destructive oountermessures will be hand-

thrown over-th•J-side charges and ahead-thrown gun-delivered charges. The work on Me system 

will be carried out under advanced development. 

Until detection units can be provided to the operational forces, the U. S. Navy Mine Defense 

Laboratory has provided the Chief of Naval Operations with a set Of "Procedures to Minimize Risk 

of Successful Swimmer Attack. " These e re generalized instructions that in essence tell the ship 

—captain to make an assessment of the threat of swimmer attack and use field expediency such as 

anchoring in currents, sitting sentries and watertight integrity conditions consistent with the threat, 

darkening chip, and staying under way 11 at all possible. The effects of current on swimmer attack 

were included ill these generalized instructions. Slide 12 was provided as a guide to illustrate the 

approach seutors of. swimmer as a function of current velocity and maximum swimmer endurance. 

It can he seen that as current velocity increases the approach angle available to the swirntner 

decreases. Each curve shenvn represents the boundary inside of which a swimmer attack met be 

initiated for the given condition of current velocity and swimmer speed and endurance. 

The U. S. Navy Mine Defense Laboratory as lead laboratory for Inshore Undersea Warfave 

and Swimmer Defense is receptive to proposed concepts or equipments that may prove useful 

solving the swimmer problem. 
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FIGURE 1. SHIPS TIED UP TO DOCKS AT SAIGON BEING OFF-LOADED 

FIGURE 2, GENERAL VIEW OF SAIGON HARBOR 
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FIGURE 3. HOUSEBOATS TIED TO FREIGHTER MOORING Ht )Y, 
SAIGON 

FIGURE 4. HOUSING AND UNCONTROLLED TERRITORY ACROSS 
THE RIVER FROM THE LOADING DOCKS, SAIGON 
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FIGURE 6. CAN RANH RAY 
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FIGURE 7. LST RAMPS ON CAM RANH BAY 

FIGURE 8. OPEN STORAGE AREA AND NATIVE VILLAGE, CAM RANH BAY 
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FIGURE 9. DA NANG HARBOR, LST RAMPS U. S. NAVY BASE 

FIGURE 10. SHIPS AT OPEN ANCHORAGE IN DA NANG HARBOR 
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FIGURE 12. APPROACH SECTORS OF SWIMMER AS A FUNCTION OF 
CURRENT VELOCITY AND MAXIMUM SWIMMER ENDURANCE 
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TESTS AND MEASURES FOR GROUND MOBILITY (U) 
(Unclassified) 

Institute for Defense Amlyses, 
Research and Engineering Support Division, 

Arlington, Virginia 

1. INTRODUCTION 

In August 1965 of ARM AGILE invited se to go with him to the OSD/ARPA 

R&D Field Unit under the Joint Thai-US Military ReseIrch and Development Center, Bangkok, 

Thailand. The purpose of the visit was to observe the progress of testing of vehicles 

for remote area operation conducted by the ARA Field Unit and to suggest improvements 

where possible. 

All methods practiced in the United States were beirg used; in fact, experts from the 

U.S. Army had already been there and instructed the research team in the use of such 

standard soil measuring instruments as the cone pnetrometer and the bevameter. Standard 

tests were run, such as the drawbar pull test and the trafficability -fifty-pass-test. 

A group of instrumentation experts equipped the vehicles with tachometers, strain gauges, 

and accelerometers. 

I had read about similar tests in reports on the extensive Swamp Vox II tropical 

environment operation conducted by the U.S. Army Transportation Corps in the Republic of 

Panama in the. summer and fall of 1962, and in other less extensive reports, but it was 

Quite an experience observing such tests actually being run. 

The rest., had revealed a tremendous amount of variability; they had shown that 

predictions of a vehicle's hill climbing ability were invariably optimistic, but I was not 

prepared for the arbitrariness inherent in some of the measures. For instance, just by 

changing the position of our feet we were able to get more than 50 percent variations 

in readings of the cone penetrometer. A bicycle wheel which was being pulled by a vehicle 

to record that vehicle's actual speed was so stuck up with mud that it skidded. One would 

now wrongly underestimate the actua: speed of the vehicle and thus infer that its tracks 

were slipping more than they actually were. The measurements on the soil were necessarily 

not completed until some hours after the vehic:e test performance. This is because each 

measurement takes a lot of time and becaase the soil, not being uniform, is sampled at 

many different points. In a hot, tropical sun the tidal mud flats on which the vehicles 
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were being run began tu dry out. It is very doubtful whether the greater part of the soil 

readings had much to do with conditions As they were during the test. 

Before deciding if it were possible to improve the accuracy of the measurements being 

taken, I thought that we should reexamine the whole philosophy of the testing and see if 

the right things were being m,:sured in terms of the decisions that were to be made 86 a 

conseuence of the test reports. The results of that investigation follow, 

1.1 Those Who Need to Know. 

They may to divided into three main categories: 

(a) Vehicle designers. This group in the remote area situation will include those 

who modify existing vehicles to make them more suitable for the :..eculiar conditions which 

exist in p.srticular remote areas. 

(b) Vehicle selectors. These are the people who have to decide what vehicles to 

send into a particular remote area and who also have to decide what vehicles shall perform 

whet functions as part of a general transport.r.....on team. 

(c) Vehicle users. This group includes the drivers. Is there anything in the 

testing program which will enable the drivers to direct and control their vehicles more 

efficiently? 

1.2 A Systems Engtneering Approach. 

To examine the testing properly, it is ne,..essary to view it as part of a larger 

continuing development scheme in which new anc improved vehicles are continually being 

created. 

There are six controlling principles in systems engineering. I find it easy to 

renember them in terms of the letters of the word "facets." F sta..is for a proper 

Formulation of the system to be created and of its performance characteristics. A stands 

far Alternative solutions for the goals to be attained. C stands for Compatibility 

considerations, E for the Economics of the solutions, T for Testing in the laboratory and 

the field, while S stands for the important Software documents needed to insure proper 

use and maintenance. 

In broad terms these principles can be particularised for vehicle mobility as follows: 

1.2.1 Formulation. To move objects and people safely and in good condition from ore 

point to another mver varying types of terrein, weather, and combet conditions in rime to 

be useful and without paying too such. Thus appropriate figures of merit appear to be: 

(1) Vehicle-driver velocity distril- utiens ,:nder representative conditions 

which include soft grounds, varying climates, steep hills, rough surfaces and obstacles. 
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(2) Condition of human passengers and driver due to travel. 

(3) Condition of cargo and vehicle. 

(4) Expenditure of effort and other resources. 

1.2.2 Aleeenativeo, The aleernetive 'clutters ir the broadest sense will cludo 

other forms of transport, such as helicopters, but for purposes of ground mobility study, 

the alternatives will be simply the various types of current vehicles available together 

with modest modifications (e.g., terra tires, modified trac)s). New experimental vehicles 

should be included when possible. 

1.2.3 Compatibility. Compatibility considerations should include the future as well 

as the present insofar as this is possible. How easily is the test venicle trenaported 

by ship, plane, or other available means, present and future? How does it fit with 

modern tactical concepts? How easily can potentially interested foreign nationals be 

trained to use it properly? How long does it take to repair and maintain it under the 

conditions in which it will be used? 

1.2.4 Economics. What are initial, maintenance, and repair costs? What are 

operating and driver training costs? What is the cost of transport? What are mciification 

costs, when modification is needed to adapt the vehicle to different conditions (e.g., 

tropics vs. arctic; snow vs. sand; highway vs. soft soil)? 

1.2.5 Tests,  

(1) What models have been developed by theory which can be used to design 

tests to estimate the values of meaningful parameters? 

(2) What art the relevant variables involved and how can they be controlled 

and measured during testing? . 

(3) What are the parameters and variables best tested in the laboratory? 

(4) what can best be tested in the field? 

(5) How can the tests be designed so as to properly identify causes of 

pellormance? 

(6) How can the tests be designed so as to id"ntify the general character-

 

istics of superior vehicles? 

(7) What tests can be made to identify the characteristics of superior 

drivers? 

1.2.6 Software. How can the results of testing be best presented tc give 

appropriate information to vehicle designers, assigners, and drivers, as well as to 

maintenance and repair men? 
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2. TESTS AND MEASURES 

Current tiele tests, wnen looked at in ineliy.. r u ...  

in a aystees study, suffer from the following inadequacies: 

(1) The models which have been developed to explain vehicle behavior are quasi-

static, in that they suppose the vehicle to be moving at a constant rate with all forces 

in equilibrium. Thus, phenomena due to rate change are ignored. 

The importance of these ignorei acceleration phenomena is shown in Pig 1. 

A set of points are connected in serial order according to the time of their occurrence. 

The plus, minus and zero eigne clOse to the curve indicate whether the track of the 11116 

tracklayer,, the vehicle under study, is accelerating, decelerating, or moving at Constant 

velocity. The abcissa of each graph point is the vehicle slip coefficient, i.e., 1 less 

the velocity of the vehicle divided by the velocity of its track (1 - va/vt). The 

ordinate of each point ia the tension acting contrary to the motion of the vehicle and 

applied to its drawbar with the appropriate force subtracted or added to compensate for 

deceleration or acceleration inertial effects, respectively. Tension is reasured in units 

equal to the mass of the vehicle. 

The curve of Fig 1 was obtained by reading a tape recording of an 11116 dragcing 

another vehicle over the tidal mud flats of sang Pu, Thailand, 29 August 1965. Each point 

represents the values indicated, averaged for a period of one second. It was possible to 

process the tape (tut tedious) because readings of speed were indicated by spaced blips 

and the strain gauge reading, which was a displacement, was comparatively free of noise. 

Such a tape is usually processed by looking only at assumed steady state portions of it 

and throwing the rest away. Surely the inadequacies of theory should not command that 

testing be inadequate also. Here are phenaeena that need to be understood and recorded. 

(2) The vehicle models which have been developed allow for no differences in 

drivers. In the soft soil case, for example, the driver is very Jeportant. All that is 

necessary is to look at acme poor fellow spinning his wheels in snow while you go merrily 

on your way. Cr is it the other way around? In any case, the adroit application of power 

is unquestionably significant. We must consider driver differences. 

(3) The soil motels so far developed contain no stickiness or slipperiness 

coefficients. In other words, they leave out soil properties which are sometimes the 

controlling ones. Stickiness certainly was controlling in Bang Pu. Bare feet proved 

better than sneakers, and the Siamese walking fish had it the best of all. The XM571 

undergoing a trafficability test by going back and forth in its own tracks finally got 
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so much mud on the inside of its tracks that internal friction, rather than modest rutting 

of the soil, caused powwr train failure. There is no model formula to explain that. 

In sum, there is as yet no set of descriptors which characterizes the state of a given 

terrain from a vehicle mobility point of view. 

(4) There is no agreed set of descriptors enabling the consumers of test results 

really to know the circumstances wider which a test was made in its relationship to other 

tests on other vehicles at other times. 

(5) The testa have not been designed to identity causes of performance. 

(6) Tests designeO for use in the laboratory—where they have been meaningful—have 

been performed in the field where the variations in readings due to uncontrolled and 

unidentified variables have made any attempt at curve-fitting a farce. 

(7) The appropriateness of the testa and their relevance to the decision problems for 

which they should supply facts is not clear. 

(8) Numbers resulting from the tests are given as absolutes when, in fact, they are 

random variables. In general, many more repetitions are needed than are now performed, 

so that confidence limits may be obtained. 

(9) Wear and tear on the driver, crew, and cargo are scarcely ever mentioned. 

(1C) Limits in accuracy due to instrumentation, reading, and data processing are not 

available from test reports. 

It is certainly easy to criticize, and surely a lot harder to suggest specific 

remedies. Some of the model (by this I always mean theoretical or analytical modi41; 

formulas and sets of equations) inadequacies with which we are now living will stay with 

us for 8 long time, although perhaps sore of :he work that ARM AGILE and others are 

sponsoring may produce results with surprising speed. 

Nevertheless, it should be possible to extend in a rodest way scce o! those very 

fine beginnings in theory made by
(b)(6) 

and others. The most complete account 

of theory to date is in (b)(6) two books, and in articles appearing in the Journal 

"Terramechanics." With a slight extension, and with more care in the statistical design 

of the testing, results should prove far more meaningful, even without a quite adec...tate 

theory. A discussion of these theories appears in my July 1965 IDA Research Paper P-169. 

In order to spell out more clearly what I have in mind, let me just examine What can 

be done in improving our understanding and recording of the behavior of vehicle-driver 

systems over soft soil. The same principles will apply to the other performance milieux 

such as steep hills, rough surfaces, and obstacles. 
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2.1 Some Suggestions for Improving Vehicle Tests in Soft Soils. 

First, let us look at the vehicle-driver velocity distribution which is one of the 

four main figures of merit which I have identified. 

Assume wit hat motion can be described by conAdering components separately, 

using the principle Of additivity. However, admit accelerations by using Newton's law 

with a resistance term due to velocity. Thus, considering action in the forward direction, 

we write 

0•11.11.. 

Na • F k.v2 N = mass of vehicle 

a = acceleretion 

V = velocity 

P w force in direction of motion 

( 1 ) 

Using the identity adx = vdv and putting T = F/M, we may rewrite (1) as 

d 2  112 kv2 /M = 7<x) (2) 

For a vehicle starting from rest, the solution of (2) may be rewritten as 

v2(x) = 2 f: e2k(s-x)/M.T(exe (3) 

x is the distan-- along the path at which the vehicle happens to be, so that v2(x) 

is the squared velocity which the vehicle has at the indicated point of the path. (s is 

just the dummy variable of integraiion.) Equation (3) need not be interpreted as 

deterministic. In fact, because of soil irregularities and differences of power 

application on the part of the driver, T(x) is a random variable and consequently v(x) is 

also. The mass of the vehicle is not random, nor is it unreasonable to assume that k, the 

coefficient of motion resistance due to vehicle velocity, is deterministic also. 

Thus, if 717(x) is the average value of T(x), -47(x) the average value of v(x), then 

equation (3) holds if the random variables are replaced by their averages. This leads, 

after some straightforoard mathematical calculation, to the equation 

(e) T . e-2kx/M for if(x) T. a constant (4) 

T(x) may be broken up into components according to the Bekker scheme. Since most vehicles 

ore designed so that an increase in sinkage produces a larger tractive area (a desirable 

design feature), it is convenient to take this into account. In many cases the relation 

dA/A = f.dz/z A = tractive area, z = sinkage (S) 
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is an adequate description of the increase. For the wheel (5) is a good approximation for 

""11  "nimed" f = Fer 0!.re! tree14.a err! t.eeel. f 

greater than 1/2. This leads to the following possible formula for T(x) 

T(x) = tang o.v
1 
.m-n/(nef)

 - c3v2M - c4v3(1 -el.") (6) 

where g = Coulomb internal friction angle for soil 

c = Coulomb coefficient of cohesion 

C3,n e sinkage parameters 

C4,m = adhesion parameters 

are soil parameters, and v1, v2, v3, and f are vehicle geometry parameters, M being the 

vehicle mass (as before). 

The above formulation of 7(x) assumes that the power of the tractive elements of the 

vehicle is applied in the most efficient way possible. This will involve some optimum 

amount of slippage. When the power is applied unevenly, this will further increase the 

random effect of soil irregularities. An attempt should be made to include power 

application in the above formula. 

The constant k may be resolved into 

k = ki  ke 
k
via 

k interral resistance and air resistance (7) 

k
e 
= exterior resistance 

kvis - shearing force developed because of 

visco.d properties of the soil. 

Even with possible inaccuracies in the above model, we still find ourselves in a 

better position to plan a test. 

Before getting down to the test details, however, let us examine (3) probablistically. 

The right hand side, as an Integral, is the limit of a sum. After motion has settled down 

from the initial acceleration, the elements in the sum will appear as identically 

distributed random variables. If the variations about their mean value are independent 

of eaOh other, that is, if the properties of the soil which produce T(x) are stochastic 

processes with independent increments, than one may invoke the central limit theorem and 

conclude that the average speeds maintained by a given vehicle following exactly similar 

routes of the same mileage are such that the scisaret. nf these average speeds are normally 

distributed. 

One implication of the above is that it will not be sufficient to take cnly averages 

of soil properties to estimate average velocities, for if v2  is normally distributed, then 
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the average of v is less than the square root of the average of v2  and the discrepancy 

depends upon the coefficient of variation of v2, Thus greater variation in soil 

characteristics will penalize average velocities. 

Another implication of the above is that the standard deviation of the average speed 

attained on a trip is proportional to the square root of the distance traveled. 

By actually. substituting in the expression (6) into equation (3) and treating the 

latter stochastically, certain other conclusions are possible. For one thing, it appears 

that vehicles having high ground pressure, although perhaps achieving lower average 

velocities, will tend to have smaller variations in their performance. 

Such implications ahould be checked by experiment. If it turns out that the 

distribution of v2 departs markedly from the normal, then an improved theoretical 

explanation will be needed. What should be avoided is the temptation to simply dig into 

the collection of well-known distributions, such as the beta, gamma, etc., and reduce the 

problem to one of academic curve-fitting. 

One may attempt further stochastic analysis by the use of power spectral density 

functions. Equation (3) will yield 

4k2 .24-2] (8) 

as the relationship between the velocity square spectrum. and the force spectrum. 

We are now ready to discuss testing implications. 

2.2 An Acceleration Test. 

According to equations (1) and (4), a vehicle starting frac, scratch will accelerate 

on the average according to (4) and will have a limiting velocity . sT 717.. If it cakes 

too long to reach the latter, due to the sTallness of k, for exa:nple, then by observing 

the acceleration at certain points it will still be possible to determine T, hence F, and 

also k unless k/M is extremely small, in which case it is not of interest. 

The measurements can be taken by equipping the bicycle wheel currently used for 

drawbar pull tests. The wheel should be weighted more than it is at present to prevent 

its bouncing off the ground. A strain gauge can be included in its attachment to the 

vehicle, thus measuring any extra drag caused by it, and, at the same time, measuring 

the soil properties which resist the motion of a towed wheel, In addition to a tachometer 

to measure true speed, an accelerometer can be placed on the bicycle wheel in tne direction 

of forward motion, This should prove better than attempting to measure acceleraZion 

directly on the test vehicle because of all the noise introduced by the vibrations of the 

latter. 
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After the test vehicle has achieved maximum speed or gone some preassigned distance, 

then all power should be cut off and the vehicle allowed to coast to a halt. Thus the 

resisting forces of the soil can be measured apart from the tractive coefficients tang 

and c already described. 

Since there are many parameters in equations (1) through (6), and probably should be 

more, it is desirable to test more than one vehicle at a time. With a sufficient number 

of diversified vehicles it should be possible to infer the values of all soil properties 

and their variations. 

Of course, the usual soil measuring instruments can be used and their predictive 

value verified. 

In order to properly compare the different vehicles, the driver problem must be 

considered. This is not at all insurmountable. There are many statistical designs ready 

and waiting for testing several things at once. One of the simplest models is the latin 

square, by having each driver drive several different vehicles, and having every vehicle 

driven by several different drivers, it is possible under very general assumptions to 

separate out driver effects from vehicle effects and even to study thair in:eractions, 

as well as the interactions of different types of soil with both drivers and vehicles. 

When the random variables are normal and effects are linear, the analysis is particularly 

simple, and computer programs for the principal types of design are already in existence. 

Even when variances do not satisfy certain uniformity assumptions, functional transfor-

mations can often be found which will convert the problem into a starel.ard one. More 

details about this are given in m 
(b)(6) 

In conducting any test of this kind, it is wise to break driver performance and 

vehicle performarce into as elemental sub-tasks as possible, so as reduce the 

confounding of effects. An acceleration test over one type of soil and in a. straight 

line is one such elemental task. By plowing the test field beforehand, variation can 

be even further reduced. However, this is an unrealistic reduction ond, although suitable 

from a point of view of laboratory technique, is probably not to be recommended as a fie:d 

trial procedure. 

Turning in soft soil, with a prescribed angle, would be another element task. 

Here angular acceleration is involved, and the proper accompanying analytical model is 

much more complicated. 

With acceleration tests of this kind, the performance of a vehicle in soft soil is 

more easily characterized than by the drawbar pull test. The same soil reaction is 
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measured, but only one individual is involved, there being no second towed vehicle under 

the control of another human being. Thus there are less unknown quantities irrelevant to 

the problem. Also, rate sensitive phenomena are now frankly included and can be recorded 

and interpreted. 

Human reaction is included. This is something about which we seem to know very 

little, For example, what displays should the driver have? Is a speedometer necessary 

for off-the-road travel? Would it help to have a display of the torque on each wheel or 

track, with driver differential control Of power? Should torque control be automatic? 

if to, hoer? The last question will best be answerod when we know better what makes 

superior drivers superior. 

In the acceleration test we have thus far only discussed accelerations and speeds, 

which we shall new assure all properly recorded and analyzed. 

We turn next to the second mobility figure of merit, namely, the condition of the 

driver and his crew. Although in soft soils this is not apt to be much of a problem, 15 

soft soils are not apt to produce uncomfortable vibraticns and we are ,not looking at the 

obstacle problem, we assure that the test vehicles are equipped with jerk meters and 

accelerometers located to test the actual motions to which driver, crew, and cargo are all 

subjected. Oral reports can also be helpful. 

It is probably not necessary during field trials to get an accurate recording of 

accelerations at all frequencies. Rather, the total power of certain key frequencies 

could he recorded by suitable filtering or by the use of reed tachometers. 

The condition of the vehicle after the test should be noted and entered into the 

record of the test. 

Fuel consumption should, of course, be noted. This, too, will vary under apparently 

identical circumstances. The appropriate mobility model should be able to account for 

these variations as well as for the other variations 2reviously discussed. 

2.3 summary. The testing must be designed to obtain information which in content and 

form is useful to designers, planners, and drivers. It should be 'clear what are vehicle 

effects and what driver effects. An attempt should be lade to understand the mechanisms 

. involved. Parameters estimated, such as speeds, should include variation estimates as 

well as estimates of averages. Every test should have a sufficient number of repli-

cations, with tasks broken up into simple units. Because it is so hard to Characterize 

the conditions of a test, comparative testing is the most 4aluable. 
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TROPICAL RADIO PROPAGATION RESEARCH PROGRAM (U) 

(Unclassified) 

(b)(6) 

Jansky & Bailey 
Research and Engineering Deportment 

Of 
Atlantic Research Corporation 

Alexandria, Virginia 

ABSTRACT 
(Unclassified) 

This paper reviews radio-frequoncy propagation 
Studies in tropically vegetated environments typical 
of those found in Southeast Asia. Specifically, the 
paper describes the propagation studies being con-
ducted in Thailand by the Jansky & Halley Research 
and Engineering Department of the Atlantic Research 
Corporation. The program is sponsored by the Ad-
vanced Research Projects Agency as part of Project 
SEACORE, and is directed by the United States Army 
Electronics Command. 

The propagation studiee range from frequencies 
of 100 kc to 10 gc, and distances from 100 feet to 
30 miles. Both horizontal and vertical polarizations 
are used, and antenna heights vary from 7 to 80 feet. 
The large base of measured data demonstrates the 
effects of irregular terrain as well as of relatively 
dense vegetation. 

In addition to providing an over-all review of 
the work, the paper focuses attention on the magni-

 

tude and nature of the "vegetation factor" as indi-

 

cated by available measured data. "Vegetation 
factor-  is defined here as the difference in propa-

 

gation loss between that observed in a tropically 
vegetated environment and that which would be ex-

 

pected in the absence of significant vegetation. 

Although it is too early to draw final 
conclusions, the data is beginning to show definite 
well-defined trends which will contribute signifi-

 

cantly to the eventual development of a computational 
model for communications and detection systems within 
vegetated environments. In particular, present data 
suggests the existence of an "antenna-to-foliage 
coupling factor" and a separate, although not neces-

 

sarily independent, "vegetation attenuation factor." 
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The propagation research program diecumeed in this paper is one of 

several communications research programs sponsored by the Advanced Research 

Aewii‘y of De;,:wit of pz:t Itz r7z.jczt !it:AC=1! 

SCACORE being a loose acronym for Southeast Asia Communications Research. This 

research program le under the contractual and toonnieal direction of the United 

Mete* Army Electronics Command, Fort Monmouth, New 4ersey. 

Friendly lOcal forces iu remote arca conflict, or counterinsurgency, 

eituatiOns are very likely to become engaged in small unit operations against an 

elusive foe who, by his nature and training, takes advantage of the terrain fea-

tures and other characteristics of the natural environment. This situation 

obviously places a premium on effective ground-to-ground and air-to-ground cos-

municatiOns through the use of ultra-lightweight, rugged and operationally simple 

radio equipment.. But, the natural environment of typical remote area conflict 

situation, often introduces severe communication. problems in the form of high 

levels of radio-frequency noise: dense vegetation, which seriously reduces the 

range performance of radio sets: and rugged terrain, which often interferes with 

ground-wave radio propagation. Also, although not within the scope of this paper, 

the physical and educational qualities, social characteristics, and comnand and 

control structures of the local population may also introduce specialized com-

munications requirements. However, radio communications equipsent for regular 

United States forces generally is not designed to sleet these specific types of 

needs, although a few mobile equipments more suitable for this type of deploy-

ment have recently become available. Furthermore, until acme of the experimental 

results of this program had been obtained and widely distributed, through the 

semiannual reports, to interested Government and industrial laboratories, there 

was not enough data on the attenuation effects of dense foliage to permit a 

realistic prediction of the irange performance that could be expected from these 

equipments in such environmAits. 

The attenuation effects of tropical vegetation upon ground-based radio 

t.ransmissions Is not A new subject, having been recognized more than 20 years ago 

in world war II operations in the South Pacific theater, In 194 
(b)(6) conducted experimeatal studies in Panama,' and, in 1945 

ducted similar studies in a tropical forested region in New Guinea. These 

studies were conducted at test frequencies of 2, 2.2, 3, 8, 9.5, 12.75, 29, 49, 

50, and 99 mc, and demonstrated some of the attenuation effects to be expected 

out to about a mile from the transmitter. Following these investigation., no 

directly applicable work haa been done until the last three or four yvara, when 

events in Southeast Asia brought the subject to the forefront again. 

This propagation research progrAm is one of several that ARPA has 

initiated in response to these problems. A detailed statement of all the specific 

objectives of the program is beyond the scope of thin paper. In general, however, 

the principal objective Is to collect and analyze fundamental radio propagation 

data, from actual tropical forested environments, needed to improve the design and 
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performance of communications and related equipment for use in such roviroTtments. 

With respect to this obl‘ctire, an Important Aspect of the program it that the 

data is collected in as neer to fundamental units of measure as enemibte so that 

the results can be applied to a wide variety of problews in the general areas of 

communications, surveillance, navigation, and intrusion detection systems. 

Before proceeding further into the details of the radio propagation 

research program, it may be helpful to review some of Ve basic considerations 

involved in the concept of radio path loes. The power radiated from the antenna 

of any transmitting device le ordinarily spread over a relatively large area, 

As a result, the power available at the antenna of the receiving device iS only 

* small fraction of the radiated power. This ratio of '.adiated power to re-

ceived power generally is called the radio transmission loss; and, clearly, this 

parameter is the most important influence on the range performance of a radio 

communications system. 

The basic concipt in predicting radio transmission loss is the loss 

expected in liPe apace between a non-directive transultting antenna and a non-

directive receiving antenna. This concept is essentially the inverse square law 

in optic. applied to radio transmission, and, for two isotropic antennas, in 

given by the following expression. 

P
r 

X 

where 

Pt  . power into the isotropic transmitting antenna 

Pr  . power available from the isotropic receiving antenna in the same 
units as Pt 

the wavelength 

the distance of separation between the antennas in the same units 
as x 

Consequently, the basic transmission lows, ae defined by Norton3  for 

loss-free space, may be expressed in decibels as 

Lior  - 10 log Pt  - 10 log Pr  - 10 log (1E1 )2 

- 
- 

(1)  

(2) 

- 36.57 + 20 log d + 20 log f 

in which d is in miles and f is in megacyclee. 

In predicting the performance of radio equipments in practical situa-

tions, it is necessary to take into account the Additional losses in the 
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propagation path the to the terraie and eevironment as well as the trsesmitting 

and receiving antenna gains. For this purpose, it is helpful to define the trans-

 

 11-rettlt•- 

L . It  - (db) (3) 

or, by equating this loss to the ratio of the powers at the transmitting and re-

ceiving antenna terminal*, 

L Lb  - 0 . 10 log Pt  - 10 log Pr (4) 

In equation 3, Lb  is the "basic transmission 1011s" to be eXpeCted in the 

actual situation if Isotropic antennas were sub.tituted for the reel transmitting 

and receiving antennas. However, since isotropic antennas a:owlet be crested in 

actuality, it is never possible to entirely separate the quantity Lb  from the 

antenna directive gain, Op. Consequently, an experimental measurement of Lb 

cannot be obtained directly. However, in communications system engineering, 

often adequate to deal in terms of the transmission loss, L, especially when 

antennas of low directive gains are used. 

Equations 3 and 4 illustrate in simple fashion the important influence 

of transmission loss upon the performance of radio links, particularly when light-

weight, mobile, or man-pack equipments are involved. The maximum transmitter 

power, Pt, is ultimately limited by the influence of several factorl. Chief among 

these are the size of the equipment c.d the nize and capacity of the battery pack. 

On the other hand, the minimum valu,, of receiver power, Pr, required for useful 

signal detection is limited by the n'ime in the receiver input, or by the external 

ambient noise induced through the receiving antenna. Thus, the transmission loss, 

L, or the basic transmission loss, Lb , between the locations of the receiving and 

transmitting antennas is the dominant factor in determining the useful range of 

radio equipments, particularly in tropical forested environments. 

It is also important to keep In mind that the transmission lose is in-

fluenced in a statisticel manner by such physical features of the environment as 

the terrain variations and elements of thc vegetation. In general, its behavior 

is statistical in both the space and time domains; but, in short-range tactical 

systems, the time variations are relatively small and can generally be ignored. 

Each radio system has a maximum allowable transmission loss which depends upon the 

transmitter power ouLput and the receiver seneitivity. Thus, the effective ranee 

performance of mobile and man-pack Systems is inherently a statistical parameter 

that results from the statistical influence of physical environment upon the 

system. It follows that the ability to effectively conduct small unit, mobile 

operations within regions of diverse physical and geographical characteristics, 

in which radio communications is an essential prerequisite to successful opera-

tions in such regions, ultimately depends upon the ability to predict the sta-

tistical behavior of radio transmission lose in such regions. 
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!l.'s tropical propmeatton research prcgram is totois4vA to scald t and sup-

port a varlets of scientific and engineering activities which are toncerord with 

18441'c:tying the design and operation of communiccittons, surveillance, navigation, 

;;-.4 :otguoi,Ju detection mymtems In remote area conflict, or counterinsurgency, 

situations. 

; 
To illustrate now the program objectives have been designed to support 

these ectivities, • such-simplified eoncept of how these activities function to-

 

gether as System to provide tactical ground operations with the communications 

aquipmentt and techniques required for field operations is shown in Figure 1. Two 

elements of the system have been emphasised in this figure. The communications 

planning function, the central closest, is conceived as any activity directly con-

cerned with the acquisition or improvement of the radio communicetions support of 

tactical operations in a tropical region. Functionally, these improvements are ul-

timately obtained by causing information and equipment to flaw, in one way or 

another, from the activities on the left of the "communications planning-  to the 

tactical operations function, which represents the objective element of the system. 

As discuseed previously, the physical environment assumes a pie-eminent 

importance in tactical radio communications, particularly in Southeast Asia. 

Perhaps the most important aspect of the "eystem-  shown in Figure 1 is in pro-

viding an additional degree of system "closure" through the influence of the 

environment. In other words, for any communications system to support the tacti-

cal operation, it must have detailed data on the influence of the environment upon 

equipment operation. This is true whether the planning function is concerned with 

operetions or with the design and procurement of improved equipments. 

All the objectives of the tropical propagation research program are de-

signed to aid and support the communications system planning function in one way 

or another, and through this function to improve the actual operations. Thus, the 

ultimate aim of the program is to provide the fundamental data and mathematical 

tools necessary for this purpose. 

In Figure 2, this system is further reduced to five elements. Here, the 

physical environment represents the independent variables in the system in that 

they have a direct effect upon, but are unaffected by, the other system elements. 

Now, within this conceptual framework, mathematical models are visualized as pro-

viding planning activities with the essential tools to effectively relate the 

characteristics of radio equipments to a specific minsian and environment, or 

vice versa. To achieve this, these models must be designed to properly take into 

account the influence of the environmental factors, in a quantitative way, and 

here, perhaps, ie the unique aspect of this propagation study. 

To obtain the experimental data needed to develop these models, experi-

mental propagation studies are being conducted in tropical forested areas in 

Thailand. The experimental program in Thailand collects propagation data for a 
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greet rariety of the. 12 well aa detailed data an thy physical snytrocubest The 

environmental data is parameterized. or converted into essetitatiye fteisanrra. emA 

is used is tbo study and development of these model.. The real of this paper 

will discuss roue of the results thus far obtained from the analysis and study of 

this data. 

A very considerable amount of data ham been obtained, and such ,f it har. 

been published in the semiannual reports. Only a broad esepling of the results 

from the studies will be preeented here, without going into the details of spe-

cific areas of work. 

Currently, the program is completing a series of measurements at a site 

in Thailand about es miles north of Bangkok, known as the Khoo Yei National Forest. 
This region is classified ea a wet-dry tropical region, rt is planned to mike 

another series of similar measurements in an area in southern Thailand, in the 

vicinity of Songkhla, which is characterized as a rainy tropical region. As 

Table I show., these two areas have significantly different environmental 

characteristics. 

lhe concept and methods for ectimating a "biomass factor-  as a measure 

of the total  vegetative mash above the earth's surface in a given area have been 

developed by(1')(6) of ARPA,4  and it appears that this factor ie one 

of the most suitable for the purpose of relating one type of jungle to another 

from the radio propagation point of view. The biomass factor associated with the 

Khao Yai area is approximately 1300 tons of vegetation per acre, while the biomass 

factor associated with the Songkhla area is greater than 3000 tons per acre. 

In addition to the total amount of vegetation, the way it is distribu-

ted vertically is Important to propagation studies. In the height class from 

6 to 16 meters, there are roughly 40 per cent more trees per acre in the Songkhla 

area than in the Khao Yai area. In ths height class from 17 to 29 meters, there 

are only a few more trees in the Songkhla area. However, in the height class of 

30 to 50 meters, there are eight timeb as many trees at the Songkhla area than at 

the Kbao Yai area. Thus, it is seen that the rainy tropical area presents a 

forest, or jungle, that is much taller and denser than • wet-dry tropical area. 

The median tree height at *la° Yai is about 10 meters, and there is 

relatively dense undergrowth extending up to a height of About h meters above the 

gvoud. The under6robLh at the Songkhla area is lees den..,2, en0,7,1bredly due to 

the higher percentage of crown cover in this area. 

The experimental studies cover • frequency range from 100 kc to 

10,000 mc, and cover distance ranges from 100 feet up to 30 miles. The experi-

mental results have ')een compared with a number of existing propagation models, 

that is, models without vegetation, in an attempt to ascertain both the nature 

and the magnitude of the effects of the jungle. In the frequency range between 
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SO asd 400 me, the hest fitting over-011 comparison  lo ,Ate has b.Q-wil ebtaired with 
3 a propagation siidel suggested bi(bX6) in 1957, mut:tiled for 'tingle 

terrain. 

As Owen in Pigure 3 00 ) suggests a median field, [so, which is 

directly proportional to the antenna heights and inversely proportional  to the 

square of the distance of ssperation between the antenna*. (bX6) also suggests a 

normal distribution shout this median value, whose standard nevi tion is 

which varlet from about 8 db at 60 mc to about 10 db at 400 ac. 

(0)(8) 
Using expression and adding a foliage factor, which say itself 

be a function of many parameters, a new expression is obtained for the median 

basic transmission loss under the conditions of a vegetated path loss, The term 

P.P. represents the unknown foliage factor, or vegetation factor, that is, the 

additional loss apparently introduced by t presence of the vegetation. By sub-

 

stituting the measured path loss data, an empirical foliage factor which varies 

from about 8 db at 50 mc to 22 db at 400 mc for horizontal polarization, and from 

18 db t0 - 24 db for vertical polarization, is obtained. named on the data thus far 

obtained, the foliage factor appears to depend upon the heights of the antennas to 

some extent, but not upon distance of separation beyond 250 feet. Experimental 

studies are presently being conducted to study the behavior of path loss at dis-

tances less than 200 feet from the transmitting antenna, but the details of this 

data have not yet been fully analyzed. 

The apparent independence between the foliage factor and the distance. 

for distances beyond 250 feet, plus the familiar 40 log d fall-off, strongly sup-

ports the theory of a treetop mode of propagation at these frequencies. An exten-

sive analysis of the data at the lower HF frequencies, and MY frequencies, is 

currently in progress. In this frequency range, the experimental data suggests 

that the apparTnt path loss, as measured at the terminals of the antennas, seems 

to depend strongly on the type of antennas and their proximity to elements of the 

vegetation. 

Another type of data that is important to communications problems in 

vegetated regions is the height gain to be expected by raising the antenna up in 

the foliage. In this respect, the results of the experimental program are 

summarized in Figure 4. The data on Figure 4 applies to vertical polarization; 

the dotted curve corresponds to a theoretical height gain in db which is propor-

tional to the logarithm of height. The solid curve corresponds to a height gain 

In db which is linearly proportional to height. By following the stars, which 

represent measured averages at 25 mc, and the black circles, which represent 

averages at 50 mc, it is seen that the measured height-gain profile tends to 

follow the logarithmic curve at 25 and 50 mc. However, at the higher frequencies 

from 100 to 400 mc, he data tends to follow these linear curvea. It is of 
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Interest to note in peastng that, cont .miry to initial expectations, no significant 

differences In pith loss between wet and dry seasons have been found for (re-

ouesrlos of 400 me and holm, In the Chao Val are. 

In addition to seleuremeints between l00 kc and 400 mc, exteneive measure. 

cents are being made in the range from 500 me to 10 gc. Within this frequency 

range, primary interest is in propagation over paths totally immersed in jungle 

foliage for several reasons that are related to certain types of surveillance and 

intrusion detection techniques. As on example of soot of this work, Figure 6 

illustrates the measured attenuation characteristics which the vegetation appeared 

to exhibit at a frequency of 2.5 gc. The points on this figure represent average 

measured values, and the bars represent the range of measured values. The solid 

bars represent vertically transmitted polarization and the dotted bars represent 

horizontally transmitted polarization. In this figure, little difference between 

the two polarizations is evident. 

The ordinate represents foliage attenuation in db per meter, and the 

abscissa represents the height above ground at which the attenuation measurements 

were made, The dotted level at the top of the graph represents free-space 

attenuation, that is, zero vegetation attenuation. The dotted level toward the 

middle of the graph, marked "LA0rone level" repr eents the emniric  1 foliage 

lculated by a formula suggested by (b)(6) un his 1960 

   

   

 

(b)(6) 

 

   

   

As thie graph shows, at low antenna heights, the attenuation starts out 

at about 0.5 db per meter. As the height is increased up through the undergrowth, 

the attenuation decreases until the heavily foliated tree crowns are reached. At 

this point, the attenuation increases sherply. Then, as the height is increased 

through the crowns of the trees, the attenuation again decreases until the free-

epace condition is met. 

Similar data is presented in Figure 6. in addition to providing infor-
mation on electrical parameters, this type of data is also beginning to yield 

information on the vertical distribution of the vegetation and foliage, at least 

fro, the radio propagation point of view. 

In addition to short-range propagation measurements in this higher 

frequency range within the vegetation, • number of line-of-sight measurements are 
being m- de over a 3-mile path which includes • well-defined, vegetated obstacle. 

The antenna heights are changed so that varying degrees of obstruction can be 
achieved in the course of the measurements. The results from one series of these 

measurements are shown in Figure 7. By taking the height of the vegetation as the 
height of the obstruction, the measured data agrees quite well with predicted 
values, using conventional diffraction theory. In this case, the data was taken 

at 5 gc. The data in Figure 7 suggeets that conventional theory can be used to 
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Cheyseteristics  Unit  Songkhla Khao Yai 

of ARPA; and 

n 

t o (b)(6) 

of the data in this paper. 

TABLE I. SUMMARY OF VEGETATIVE CHARACTERISTICS 
OF TWO SITES IX THAIIAND 

Location 

(b)(6) 

Fort Monmouth, New Jersey. Also, credit is due 

of Jonsky & Bailey, for the analysis and presentation 

predict the path lase for ling—of-sight trost21)attcas. . to %eciptatr-d reason. 

with confidence. 

The eventual aim of this progrns, of course, is to deveiop a predictive 

system model, similrr to that shown in Figure 2, which will allow a realistic 

clit1O2t1CM Of the effectiCemelz cf  the technical thlrIctcristlec cf 

equipment, or changing the way in which the equipment As deployed. The following 

example will illustrate the essential results of Such a prediction. Shown in 

Figure 8 are the results of A calculation of thi. range that might be possible from 

the PC-l0 as a function of the confidence with which that range can be expected 

The calculations are made for three different situatioms. In an idealised smooth 

terrain situation, a median range of about 7.8 miles could be expected. Over 

irregular terrain, a median range of 6.6 miles could be expected, and a range of 

about 4 miles with s confidence of 90 per cent could be expected. However, when 

the set is operated in a vegetated environment, typical of that around Khoo Vat, 

the median range drops drastically to something on the order of 2.5 mile, and, at 

a confidence of 90 per cent, I range of only 1.5 miles could be expected. This 

example illustrates that, once adequate propagation models have been developed 

which can be used with these methods of calculation, the meiit of various im-

proved equipments, or tactics that depend upon the range of these e luipments, can 

be assessed much more realistically than at present. When this can be accomplished 

for any radio communications eystem, for any type of tropical environment, the 

objectives of the tropical propagation research program will have been achieved. 

In conclusion, the author would like to gratefully acknowledge the 

assistance of several individuals who huve contributed directly and indirectly to 

the contents of this paper. Many of the basic ideas and aims of thin program  have 

been obtained through many discussions  
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AkPF.LIED swim. SCLENCLAURAft.CR: PTIOBLEms & PROSPECTS 

istamora university 
Palo Alto, California 

(b)(6) 

It can be dangerous to live in a complex society you don't understand. It can be even more 

dangerous if in addition to lacking understanding you are powerful, because you will probably make 

more and bigger errors and not learn enough from the consequences. And being powerful you may 

easily become subject to the delusion that by the use of power you can correct your errors and con-

trol their undesirable outcomes. 

This delusion is an ancient one, and it is notable for both its persistence and its lack of suc-

cess. Its hare bones are these. If you are powerful enough among your neighbors you need not 

understand them, they muat understand you; you need not listen, you speak and they listen; you need 

not adapt, you act and they adapt. 

Policies of action based on propositions like these typically yield short run, expensive satis-

factions and long run disaster, because the arbitrary use of power, even if the Intent is benign, al-

ways leads to an accumulation of ill will in the dominated that never fails to find expression; and a 

thorough experience under domination is excellent schooling for expressing that ill will with effec-

tiveness. 

In short, policies that rely primarily upon the uses of power bring about social situations guar-

anteed to produce highly motivated and appropriately trained enemies. 

It has become increasingly evident in recent years that a better understanding of other societies 

is absolutely necessary, and a great deal of money and effort has been invested in social science 

studies and research. 

I will dismiss without further comment a branch of work that I believe is entirely misguided. 

I refer to the approach that goes on the assumption that if you have a sufficient social science tech-

nique, and ii you are willing to control and manipulate information, you can create motives, change 

attitudes, and alter social realities to suit the occasion. This is merely an undisguised extension 

of the power philosophy, and it falls just as surely, but this time with an added feature: The machin-

ery of manipulation can seldom be constrained to operate only on "the others"; it soon begins to 

modify its own "home" environment. And so the spectacle: the manipulators becoming their own 

prime target, they, themselves, the most accessible and most vulnerable victims. 
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It is fair to say that relatively few of the attempts to apply social science research to inter-

national problems have been rewarding—at least they have not been rewarding to the decision 

maker who was hoping for some help. 

Some of these disappointments are simply the result of bad work. Bad work is bad work, In-

competence is incompetence—there is no mystery here. Other disappointments are the conse-

quence of supporting projects with dubious relevance to the problems at hand. I know, of course, 

that everything is eventually related to everything else, but the connection between some research 

projects and the client's needs are so remote that one can only suppose ignorance on the one hand 

and cynicism on the other. 

But it is vital to understand the failures that have come out of research that was clearly focused 

on an important question, research that was well conceived and competently executed. 

If you are the client it will sometimes appear to you that, despite long and thorough discussions 

at the onset, the problem "solved" by the researcher is frequently not the problem you posed orig-

inally. You will receive-a project report for which you have been vatting only to find that the 

study was so narrowly defined as to be useless to you, or that the study was primarily concerned 

with the development of a methodology or a technical language for describing a state of affairs with 

which you have long felt adequately familiar. 

Or you may be a client with a physical science background, who is convinced that you can't ex-

pect too much from social scientists, and so you ask only that the researcher collect some simple 

facts in a reasonable manner. And you may actually believe that if you are supplied with more and 

more facts—almost of any kind so long as they are face relevant—you will be able to make wiser 

decisions. It is very likely that you will be strongly disappointed later as you hunt through a shelf 

full of handbooks. 

Or you may be a client at the other extreme who expects far too much from social science, and 

asks for research that will lead to predictions of complex social behavior, again because of a mis-

taken analogy between the social and physical sciences. 

Whereas in the first instance you asked for too little, you now expect too much. In both cases, 

disappointment is practically certain. 

If on the other hand, you are the researcher you will have a matching set of disappointments 

and frustrations. You will find that questions for research are put to you in terms that are neither 

meaningful nor amenable to investigation by the methods of social science. If you are to apply sen-

sibly the research tools available to you, you will have to restate the question. And, very frequently, 

the more rigorously you state your hypotheses and the more scientifically conservative your work, 

the more likely it seems that the results will be unusable by your client. 

If you are ingenious enough to reduce your client's concerns to a set of testable hypotheses, 

you may then find that there is no practical way to obtain the data you need. You may find yourself 
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being persuaded to go ahead anyway, using inadequate and contaminated data because it is available. * 

There is a curious bias that since social science theory ie rather untidy it ehnetd he able tn do its 

work just as well with poor data. 

Clearly moist of these difficulties—on bath sides of the fence—stem from misconceptions of 
what the social sciences are about and what they can do. Well, what are they about, and what can 

they do? To catalog the areas of interest or the characteristic methods of the different disciplines 

involved to unnecessary here. They range very Widely in area emphasis, the size of the unit 

Studied, and the means employed—from the field study of the anthropologist to the laboratory ex-

periment of the psychologist. But cutting across all of these is a commitment to the discovery of 

stable patterns of behavior which are a function of general social processes rather than unique 

situations or individual differences. This orientation is especially clear in the study of large scale 

social structures—an area of particular interest to us. Let us look briefly It some characteristic 

approaches in this direction. 

There have been attempts to go directly to the discovery of socia laws governing regularitiec 

of behavior—laws analogous to those that physicists have made so famous with respect to mass, 

pressure. velocity. The Marxian attempt to create a model of large scale social process with 

predictions based on the interactions of a few crucial variables is an example. The model does not 

appear to work, but it was an interesting try. 

There have been attempts at what has been called "social physics" based essentially on the 

study of logistics curves. A large number of social phenomena have been studied from this point 

of view — long distance phone calls, speed of travel, the size of libraries. The exponential curves 

describing such diverse phenomena show remarkable reguLlrities—remarkable, at least, at first 

glance. 

Another approach has been the attempt to extrapolate from time series. This differs from 

what has been called social physics in that it does not try to discover first principles or to create 

large scale model, but to make a limited prediction about the position or frequency or strength of 

some phenomenon at some later time. Major examples of this kind of work are found in demography 

and economic forecasting. 

Another attempt does not deal with process or time series, Lit is based instead on certain struc-

tural considerations, often the structure of government, law, custom. The assumption underlying 

this work is that by taking into consideration the structural certainties within which a society oper-

ates a great deal of the human behavior that will occur can be predicted. 

*It is hard to resist the appeal to work on current urgent problems. When you do, you must 
keep in mind that events are likely to change more rapidly than you can work, so that yotir report, 
when it is completed, may no longer be of interest to the sponsor. Or there may be relatively little 
Interest right from the very start. You may find yourself at work on a project which is being sup-
ported for apparently no other reason than that there is pressure from "above" to have "something" 
in that area. In such a case don't expect any interest in discussing your progress. But don't let up 
on the quality of your work because a shoddy final product will only "Justify" the neglect. 
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Still another approach investigates—instead of the open, prescribed rules and structural cer-

tainties of the society—the patterned regularities in the behavior that are implicit and often un-

realized ,?ven by the actors. The scientist tries in this case to infer patterns which are typical in 

orientations to critical situations such as conflict, and to make conclusions about a national or 

cultural style. 

In all of these lines of work, the specific behavior of a particular individual is of minimal in-

terest and the models developed are not expected to be useful in EesletijIgi behaviors and outcomes 

of unique situations. 

In fact, there is, on the part of many andel scientists, a conviction that unique events, even 

when they apparently lead to dramatic, revolutionary changes, are merely transient perturbations 

of long term developmental sequences. 

This does not mean that they minimize or diamiss the significance of the role of leading actors—

politicians, generals, or whatever. On the contrary, their view erophstsizea the fact that the deci-

sions such men make—quite apart from their momentary effect—will be ultimately beneficial or 

detrimental depending on their correlation with the impersonal sociological forces that substantially 

determine long run trends. 

For example, studies of the growth of cities show that many aspects of their growth can be 

understood as a product of impersonal forces of environment and technology. Poorer predictability 

results if one considers instead the planned, willed changes of groups and individuals whose business 

it was to make these decisions. 

This is essentially the position of many analysts in the forecasting of trends in technological 

change. They believe that the attempt to predict inventions, fascinating though it may be as an ex-

ercise, is usually a waste of time; and that the effect of a particular invention, with rare exceptions, 
is relatively minor against the swell of the technological trend which goes on independently of un-

usual and unpredictable individual actions. 

This example provokes an objection that must be in your minds, and which hears directly on 

one of the major concerns of this meeting—the question of relatively short range, tactical, social 

science research. It may be true that a particular invention-- to continue the analogy— will gen-

erally have a minor importance in the historical view of technology, but the same invention may 

also have drastic, short term, local effects. 

An industrial firm which faces ruin because of the invention of a new, revolutionary device may 

take little comfort in the global, philosophical calm of the long view. A firm which fully recognizes 

the importance of large scale, long time trends in its advance planning, still needs—often desper-

ately—short range information about the likelihood of inventions that would render its product ob-

solete. It asks for precisely the kind of information that the technology analyst says is unobtainable 

and in the long run not important. 
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It is clear that both kinds of information ara crucial if you mean to stay in business. But what 

cieni i iai. Uit iwu kiliLiS of iniurrnadon imply tiiiiereni research siraiegies, methods, 

and techniques. A lack of appreciation for the difference—by the researcher as well as the client—

is a big reason why no many attempts have not been more successful. 

To estimate the likelihood that there will be an outbreak of insurgency in a particular nation is 

a very different problem than estimating the trend of social development in an ecological unit of 

which the nation in question may be an arbitrary fragment. The two problems are related, but in 

terms of their intrinsic nature and the current structure of social science, the connection is quite 

remote. 

To take a different example, the process of social communication in bargaining-like situations 

has been studied intetu3Ivily by psychologists, but their findings are not likely to be practically 

helpful to a negotiator on his way to the bargaining table. 

A tennis pro with a match to win in the afternoon will not get much help from consulting a bal-

listics expert—especially one who does not play tennis. 

In other wordE, the body of theory and data in social science, which has accumulated largely 

as a result of academic research, is seldom capable of practical application in a way that appears 

helpful to the decision maker. 

Am I proposing, then, that the capabil.ties of social science are irrelevant to the problems at 

hand? No. I believe that the social scientist has an important contribution to make—if he will and 

if he is permitted. 

I say "if he will," because among competent social scientists it would be more true to say that 

there was a reluctance to work for the government than to say that there was awareness, interest, 

and enthusiasm in doing the applied research that's so much needed. It seems to be sometime that 

where eagerness is found, it is in inverse relation to professional ability and experience. 

Some reasons for this reluctance have already been mentioned, but there are others. 

There are, of course, questions of political ideology, the ethical question of making available 

social science knowledge for essentially man'. illative use. These, I am sure, are real questions, 

but as actual reasons for nun-participation they are prebably less prevalent than one would suppose. 

They are more likely to be ei:plana•lons than reasons. In simple frequency, more mundane causes, 

I am sure, lead the list of inhibitions to participation: such as personal inconvenience, loss of in-

come, career factors, professional status, loss of personal freedom, etc. 

The social scientist is the product of an academic society that places a heavy emphasis on a 

value system of basic research. And there is still enough insecurity in some to make the demand 

for purity extreme. The still promotable university researcher may incur career penalties by 

taking extended leaves from his university to do applied work that seldom yields significant scien-

tific outcomes, and which may not yield publications because of security considerations. 
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(Note that doing work that is not intended from the outset to be scientifically rigorous and 

which is not open to inspection by peers in the profession is frustrating and annoying to the able 

but a haven of shelter for the mediocre.) 

The same reluctance is as much in evidence among those who have no further promotion and 

tenure problems. 

It is safe to say that considering the very best talent available in the social sciences today, it 

is seldom that one can employ it for more than relatively short periods—a summer, a semester, 

perhaps a year. But problems of the kind that we are interested in are much longer range than 

that. It is, unfortunately, no solution to secure the help of these men on a once or twice a month 

consulting basis. Such intermittent help can be effective only if it is used by already thoroughly 

competent full-time personnel. It is a silly idea to think that one can improve the quality of re-

search done by incompetent research teams by buying them occasional advice from experts. 

'The productive use of "limited service" social scientists would be vastly improved—and their 

reluctance to become involved reduced-- if there existed an effective machinery for executing re-

search once it is specified in detail. (A famous laboratory known for its productivity has as one of 

its operating principles: hire the best research talent you can find and then give them all the mus-

cle they can use.) 

In many instances, the social scientist who is working for a summer or a year on some applied 

problem, may find that, having succeeded in stating a question not only calxible of being answered, 

but also having a clear practical importance, there is no machinery available to gather field data 

without hopeless contamination, or without unrealistic demands on his time. 

I am convinced that a corps of social science field techniciaeq would go far—perhaps further 

than any other single change—to make applied social science productive. I would like to explain 

In a bit more detail my conception of a social science field technician, how he would be trained, 

what he would do. 

I have in mind a person who would normally hat.e an undergraduate degree in one of the social 

sciences, and an additional graduate degree in applied social science. The advanced work would 

consist of: 

1. Contents and methodology in the social sciences--this would be intended to supplement 

his knowledge of general problems of method in other social sciences than the one in 

Which he had majored. 

2. He would be required to have a working knowledge of data banks, with particular emphasib 

on those in which data is being gathered in the relevant social sciences such as anthro-

 

, polegy, sociology, political science, and social psychology. 
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S. He would be expected to have technical competence in gathering and analyzing field data, 

Including statistics, survey design, programming for machine analysis, and the construction 

oi interview and questionnaire instruments. 

4. He would be expected to have a practical knowledge of field management; that is. the re-

cruiting and training and supzrvision of data gathering teams; in particular, when these 

teams are made up of inadequately trained people—for example, volunteer students or 

housewives. 

5. And, he would be expected to have a broad acquaintance with some particular social, cel-

hula, or geographical area. 

Except for field management, all the courses implied by this listing are currently being taught 

at most tmiversities, But they are not taught in the same department or under some unifying title 

or academic committee. 

The fact is that colleges and universities do not normally produce social science technicians. 

The reasons are: 

1. The course listings are found in different schools and departments, and do not come to-

gether in an integrated, task-oriented whole. 

2. Student's who may be employed by social scientists on the faculty to gather data in the field, 

even when the work is considered as part of the student's training, seldom obtain guidance 

and training in the art of field application beyond the requirement's of the specific study 

under way. 

3. The graduate student himself is strongly oriented toward a career as teacher and researcher 

and not toward "second-class" career of field technician, 

The lack of such technicians not only stands in the way of completing work which is clearly im-

portant, it also inhibits the consideration of research efforts which in the absence of the capability 

do not even occur as possibilities. 

How can this need be filled in practical terms? Existing social science departments are very 

reluctant to undertake the training of field technicians. One will probably have to consider the es-

tablishing of a facility to do the job. 

There are many practical problems to be faced— -such as the underwriting of such an effort 

financially and academically, where staff would come from, where students would come from, etc. 

I will not taken the time to explore them here, but in discussion with various academic and govern-

mental persons with experience and Judgment no prohibitive problems have been raised. 

A facilitating machinery of this kind would allow you to capitalize on what may be the social 

sciences' biggest potential contribution: methods and techniques for gathering data in such a way 

that questions can be answered with known degrees of confidence. 

205 

V 
V 



I would like to close by suggesting one or two other ways In which the social scientist might 

be used. 

I have often been impressed by the fact that as things stand now the decision maker's most 

probably helpful source of information is the opinion and judgment of a man of wide Practical ex-

perience In the situation In question. 

Let me stress that I used the phrase helpful source not "azurate or yalid soywct." The dif-

ference is important. Being "helpful" to a decision maker does not necessarily imply accurate, 

valid information. Information which reduces administrative uncertainty may be helpful (for ex-

ample, by strengthening organizational integrity and allowing the organization to function without 

excessive internal conflict) without affecting the likelihood that the choices made will be eventually 

Judged to have been correct. 

The advice of a man of wide practical experience is so frequently juriged helpful because it is 

shaped not only by the nature of the problem to be met but, also, by an appreciation of the peculiar 

cha.racteristica of his client, to whom the advice must be useful. In contrast, the research results 

of a social scientist who has dealt exclusively with the external problem may be irreLevant to any 

feasible set of actions or, worse, serve only to increase the momentary uncertainty over the avail-

able alternatives. The obvious moral for social research is that if practical application is intended, 

then insight into the internal system of the client is as necessary as the study of the external en-

vironment with which the client is trying to cope, It Is typical, however, that such internal scrutiny 

Is often considered irrelevant and is almost always unwelcome. 

One more point. The administrator frequently states the research question in terms of a so-

lution he would like to have to his problem as he conceives it. It is sometimes possible at the very 

start to substitute one problem for another which permits more feasible attempts at solution. This 

is not simply a restatement of the original question but a change of view concerning the nature of 

the problem to be solved. In problems involving changes in behavior, the social scientist can some-

times be most helpful in suggesting such reformulations. For example, In considering a closed 

circuit television system for conferences among persons in remote locations, one might ask the 

question "what network of facilities—among all those which are technically feasible--will tend 

result in effective and efficient conferences?" Stated In this way one goes on easily to a research 

program for the evaluation of networks over some set of expected conference activities, with ter-

rible headaches about the generality of lab results to conferec - of unique personalities and ept:nific 

stress situations. But one may take a different tack by tiroposing "that what is required is any 

feasible, inoffensive system which is capable of easy modification, and has built into it the kind of 

process feedback that will allow the men to shape it to their needs." Now we have less of a labora-

tory research program and more of a social engineering program—and far better chances for 

practical success, 
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AIM 

My time is up. My summary is simple: 

1. 'Al ita anui6t1 uu4 tta 

2. It is especially dangerous to be powerful as well as stupid. 

3. Social science can help. 

4. Social Science is not being usefully employed. 

6. Many social scientists are being conditioned to avoid doing applied research on the subject. 

6. It is necessary to produce a corps of applied social science technicians. 

Malabo.. isiabIl...1:•.1.11.1.• V.^ ••••••••••• 
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NEW pERSPEGT1VES IN TRAINING AND 

ASSESSMENT OF OVERSEAS PERS:hEL (L) 
(Unclassified) 

The Human Resources Research Office 
The George Washington University 

Alexandria, Virginia 22314 

AISTRACT 
(Unclassified) 

Lack of knowledge of what constitutes successful performance 
in paramilitery roles abroad is a esjoi barrier to developing 
valid selection procedures or appropriate training techniques. 
On. approach to the problem is to focus on and attempt to cultivate 
individual qualities of personnel as elicited in a live simulated 
advisory situation. Using trained foreign participants in prepared 
role-playing scr:pts, a simulated crone-cultural encounter was 
constructed which provided a realistic face-to-face encounter with 
a counterpart. In addition, the simulation permitted the concep-
tualization of a number of interrelated intervening criteria 
susceptible to measurement and useful to assessing the performance 
of the trainee. It is concluded that the specific discovery potential 
and heuristic value of the technique are distinct assets in this new 
area of research. 

Part I. Introduction: Ambiguities of the Overseas Situation 

Military operations in counterinsurgency and in psychological warfare tend to blur the 

traditional role of the soldier. in his paramilitary role, the American soldier comes in frequent 

contact with peoples whose speech, habits, customs, behavior, and values are vastly different from 

his own. Success of rilitsry operations depends in part, some say overwhelmingly, on the ability 

of the soldier to win the support and active cooperation of the people. As Offi) has 

said, "An individual or a unit may be extremely well-trained for counterinsIZie'n-C-Vi7n tere-: of 

tactical and technical proficiency, yet be of little value for want of ability to cormunicate with 

the friendly forces we seek to assist, and for want of understanding of the problems and attitudes 

'The research reported in this paper was performed by HurNRO Division No. 7 (Language and Arta 
Training), Alexandria, Va., under Department of the Aray contract with The George Washingtcm 
University. The contents of this paper do not necessarily reflect the official opinion of 
the Department of the Army. 
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of the country concerned."' 

The probles of laying down valid principles of counterinsurgency is, however, a formidable 

one. The difficulty may be partly due to the fact that each operation is reletively distinct 

and has to be understood in its own historical, cultural, and social setting. The nature of on 

insurgency depends on the specific characteristics of the vested authority and its supporters, 

and on the environment in which insurgency occurs. 

Tt.,; relative uniqueness of each insurgent movement may be underscored by pointing out that 

it is a conflict initiated from • position of comparative military weeklies., and directed at 

vulnerable points of the vested authority. Military power is usually counteracted by irregular 

forte and terror end by the exploitation of social, political, and economic discontent. The 

dimensions of the insurgency depend on the specific nature of nh. discontent as well as on the 

vulnerabilities of the vested authority and its supporters. 

As an insurgency progresses, and as counterinsurgent measures arc taken, the nature of the 

conflict changes. It is the changing nature of the conflict, the salience of discontent, the 

specific vulnerabilities of the authority, and the characteristics of the insurgents themselves 

that render an analysis of principles of counterinsurgency so difficult. Thus far, there is no 

doctrine which successfully integrates the military factors with the social, cultural, political, 

and psychological aspects of an insurgency. If this analysis is sound, then the role of the 

American soldier in counterinsurgency and psychological warfare operations must in turn vary 

widely depending on the dimensions of the insurgency. It becones extremely difficult to conduct 

a careful analysis of the paramilitary role if its requirements cannot be specified. 

A similar problem is encountered with AID"' personnel, Peace Corps Volunteers, or any other 

Americans abroad attempting to comunicate or understand the problems and attitudes of another 

peoplo. Whenever members of different cultures work face-to-face, cross-cultural differences 

are very likely to emerge. 

The cross-cultural communicative function of the Anerican engagec in counterinsurgency will 

therefore be acknowledged by referring to him as an advisor - inplying that the key to his success 

'General Rosson's (D assertion is supported by the conclusions of various military research 
symposia. The necessity for research on culture-contact problems ha,. been emphasized 

in a symposium on counterinsurgency sponsored by the Rand Corporation (1), in a symposium 
on social science research and the Army's limited war mission sponsored by 5°R° (A), and 
in several recent conferences (Worldwide Psychological Operations Conference, Pt. —McNair, 
Washington, D.C., 1963, 9; Eleventh Annual Conference on Human Factors Research and 
Development, Pt. Bragg, worth Caroline, 1965, 2). 

"U.S. Agency for International Development 
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is perhaps not in the application of military force but in the ability to understand a people end 

I 1 

to communicate effectively witn them by ootn word an4 

   

Without an analysis of the paramilitary role, the establishment of field evaluations of 

performance -- in technical language, field criteria of effectiveness -- becomes improbable, and 

of course, few firm guidelines for the trainer can be proposed. This condition poses one of the 

most serious problems in conducting research on eroSS-cultural assignments. Lack of knowledge 

of what constitutes successful performance abroad has been a major barrier to developing 

appropriate training techniques, or, indeed, valid selection procedures. 

Generally, criteria have been used which, though po ing a kind of facu validity, have on 

further analysis proved to be insufficient and sonetimes misleading. Take, for  example, superior's 

or supervisor's ratings. In both military and nonmilitary settings, when ratings are made  through 

the usual administrative channels there is a degree of risk that missions or organizational goals 

are really being rated, rather than specific individual performances. 

This is not surprising in view of the fact that any Oysical description of one day-to-day 

behaviors of personnel engaged in paramilitary missions Is relatively unrevealing: how many 

times they meet with their counterpart, what terms they use to address him, how many tires they go 

out into the field, the number of civic action projects initiated. Each of these activities may 

be indicative of something significant butween an American and the indigenous perscns with whew 

he works, but unless they are meaningfully integrated into a pltern vf behavior which can logically 

or empirically be shown to contribute to a successful mission, they remain isolated fraements --

mere tantalizing tidbits of behavior. 

Without a set of categories describing critical aspects of tho advisor's role -- in  short, 

without an overseas job analysis -- no superior or supervispr can be expected to make an accurate 

rating of his personnel abroad on the specific criteria or effectiveness. Unforturate:y, no such 

integrative taxonomy of roles or role behavior for overseas work is currently in existence and 

none apparently is on the horizon. 

Another approach to developing criteria of overfeds effectiveness is to differentiate the 

effective from the ineffective behaviors as reported by the individual retrospectively. Here, 

longitudinal evaluation of an individual's performance is not an issue. Rather, concrete "critical 

incidents" judged by the individual himself to have made a difference in the success or failure 

on his mission are catalogued. Incidents that are repeatedly reported are then fed back into the 

training process and made available to selection boards as examples of overseas behaviors relevant 

to performance. 

The trouble with such a critical incident technique lies in the nature of many cultural 

confrontations and nonmilitary ambiguities of an overseas assignment. Both the cross-cultural 
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factor and the paramiiitary component of the counterinsurgent mission may strip of its significance 

the critital incident as reported by an advir-r. It may not be at all certain whet incidents Cr. 

critical to success of a miseion. Tlus outward manifestution of a miawederstanding, as reported 

by an advisor or technical assistant, may in reality hide dissonant cultural strains of which 

neither advisor nor counterpart may be fully aware, Cross-cultural conflicts often involve basic 

cultural premises and habits of thought that are difficult to perceive. It is probably signifi-

cant that in one area orientation program comprised of experienced AID oversees technical 

assiatants, a vast majority of failures (critical incidents of ineffective behavior) reported 

by the participants contaised no elements peculiar to the oversees situation! (1) In view of 

the known role of subculturally derived values in miscommunications between employers-employees, 

sanageeent.labor, and so forth, in our Culture, such omission of culture conflicts faced 

Overseas is remarkable indeed. 

An excessive reliance on uninaginstive and unproductive field criteria seems shortsighted 

when simulated criteria might allow for a more systematic body of knowledge to develop with 

1 
regard to job effectiveness. (b)(6) (8), in a recent article in the American Psychologist, 

observes that a criterion might be relevant not only to the specific task but also to ideas and 

concepts which would allow reliable prediction of effectiveness to a variety of job situations. 

• 
In other words, criteria should be chosen with theoretical constructs in mind, which may lead to 

the discovery of regularities of performance among successful practitioners cutting across a 

number of jobs and assignments. 

Wallace's statement seems especially appropriate in the area of crosc-cultural training and 

selection. Without knowledge of the situational variables governing various job positions abroad, 

it is impossible to develop a set of specific prescriptions which can be ubiquitously applied. 

Before attempting to predict what an advisor must do in any particular instance overseas, some of 

the impediments to crossing a cultural barrier rust be understood. By using theoretically relevant 

higher-order vsrilibles as the input into some participant training exercises :hereafter referred to 

as role-playing or simulation exercises), we have begun to analyze and study sole of the hazards 

(and perhaps rewards) of such communication. 

In the course of our work, we have developed a number of instruments designed to assess the 

training impact of the simulated exercises. These instruments are 811 in the spirit of Wallace's 

recoumendations. Rather than relying on a description of toe ultimate job requirements abroad, 

these a sssss ment tools refer to and test for characteristics of individuals (so-called intervening 

variables) which are hypothesized to be related in complex ways to eventual overseas success. In 

effect, we have tried to get inside the "black box" of overseas effectiveness, the American on a 

paramilitary mission, to analyze some of the components, and test for training response 
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according to criteria generated by the analysis. 

Part ii. New PersplItives  in Tralnina and Assessment 

If we stop looking at a counterinsurgency as a mission and instead focus upon the individual 

moinsterineurgents, the task of analysis becomes somewhat easier. The training of Americans for 

paramilitary missions overseas and the evaluation of their performance may then be approached at 

four levels: technical competence, area knowledge, language skills, and interpersonal communica-

tive skills. Of these four levels, the one which has received the lean sttention (but was noted 

by General Roston) it the last: lnterpersoes1 communicative skills. Perhaps this is duo to the 

fact that it is inextricably combined with other skills and competencies, so that its effects are 

ais 
difficult to isolate. Certainly the way cultural factors affect interpersonal orientations are 

not at all obvious. Differences in basic cultural premises, how one evaluates himself or the 

world, how one hakes decisions, and so forth, intrude upon everyday behavior, yet do so in such 

subtle ways that they tend to escape awareness, The study of the influence of culture at the 

interpersonal level has consequehtly bech relatively neglected by both social scientists and 

overseas practitioners. 

Assuming, as is widely acknowledged and re,:ogoized, a need for the development of communica-

tion and interaction skills among overseas personnel, what strategies or principles of training 

can be brought to bear on the problem' Most trainers agree that knowledge which is not seen as 

immediately relevant to one's job tends to remain unintegratcd and cannot be properly "used" by 

the trainee. Thus, a conference with a body of trainees about the American predisposition toward 

achievement orientation may have little impact on the way tasks are accomplished overseas because 

the personal relevant. : of such knowledge for the individual trainee has not been demonstrated. 

A new but encouraging alternative to lecturing in cross-cultural training is a sipulated 

approach which we have developed. Simulation Ls a promising instructional technique since it 

directly engages the trainee in the communicative process, and provides for either active partici-

pation or direct observation by students in a class. It is a realistic procedure allowing the 

Student to learn about cultural differences in a live cross-cultural experience. These qualities 

of simulation ars important in training since cultural characteristics are deeply rooted 

determinants of behavior, requirihe the application of much training effort and ingenuity to be 

affected. 

In the remainder of this paper, we will review how the simulation was conceived and irple-

 

merited, the kinds of training input involved, and the level of presentation of such content. 

Following a brief introduction to our use of the technique, the manner in which our strategy has 

led to the development of intermediate criteria of training or assessment will be documented in 
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some detail. In the case of those criteria which have been "operationalized" and for which 

instrumentation has been developed, specific illustrations will be provided. 

Introduction to Simulation  

The simulation of cross-cultural differences crystalli:ed into throe requirements; (1) the 

development of plausible situations that were critical for presenting crosi-cultural differences; 

(2) representation of American behavior; and (3) representation of counterpart behavior. 

Situations were developed from interviews with advisors overseas. They were chosen because 

they were plausible -- in term of frequency of occurrence abroad -- and because they raised 

significant cross-cultural problems. The situations are used as role-playing scenes. They have 

been carefully constructed to evoke culturally derived behavior from it trainee playing the part 

of an American advisor. Often, considerable rewriting of scenes has been necessary to elicit 

predictable, significant behavior from the American. Throughout the simulstion, stress has been 

laid on factors which can illuminate American culture as well as foreign cultures. 

The trainee playing the part of an American advisor, a Captain Smith, confronts a counterpart 

in the role-playing situation. The behavior of the counterpart represents the heart of the 

simulation. In this part a double objective is attained: representing the cultural behavior of 

the counterpart and also drawing attention to the cultural tahavior of the American. This 

strategy reflects the assumption that effective functioning in a foreign culture is based in part 

on an understanding of one's own culture. (The understanding need not be articulate. If an 

individual can adapt to a foreign culture, or to variations within his own culture, and if his 

behavior is intelligible, then he has a "latent" understanding of the culture.) The desired 

objectives were attained by means of the concept of the contrast-American, which was arrived at 

in three steps: 

(1) Those aspects of American culture that seemed to be important l'or overacas per-

formance of advisors were described as assumptions and values. Although these factors were 

conceived very abstractly in many instances, they were always defined to refer to the individual 

and hence presumably governed the behavior of the American. They were also conceived to represent 

an average value or assumption, in recognition of the fact that Americans vary considerably In what 

they believe and how they behave. 

(2) The second step in developing the concept of the contrast-American was to derive a 

set of assumptions and values that afforded the greatest contrast with American culture. 

(3) Finally, specific behaviors were derived from the contrast-American assumptions and 

values. 

The concept of the contrast-American is a composite representing the greatest contrast possible 
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in a counterpart who still seems plausible to American advisors, He does not represent any one 

nationality or culture. In the .timulatinn swivels**. the rurpete ef the rentrett.a.meriran it te 

clarify for the student his American predispositi'ens, thereby demonstrating their strengths and 

weaknesses, while giving him realistic experience in advising a foreign counterpart. 

Our trainiag exercise, then, consists of (1) role-playing auxiliaries who, by selection and 

training, emit behavior which is a mirror image of American behavior, and (2) a number of 

situations or scenes which, through testing, we have found to elicit from American trainees 

behavior which is typically American, and wh' eh quite often causes misunderstandings with 

counterparts overseas. 

The counterpart in the role-playing exercise is aware of the implications of what he is doing, 

that is, he is purposefully playing out his part. The American trainee, however, is spontaneously 

playing a role, and, of course, he believes the contrast-American to be doing the same. It should 

be emphasized that the confrontation involving the two men is between their cultural assumptions 

and values, and not between their objectives or missions. 

Development of Training_ Criteria  

As previously suggested, two major assumptions of the current approach to simulation training 

are that (1) a significant barrier to successful overseas performance is the unrecognized 

cultural biases which Americans (or any other people) typically display and (2) induced cultural 

self-awareness contributes to the ability to understand and cope more effectively with foreign 

cultures. Thus our training criteria involve the dimension of awareness of American culture as 

well as awareness of "foreign" (i.e., contrast) culture -- in other words, cultural "self"-

awareness vs. cultural "other"-awareness. 

The complex nature of the phenomenon of cultural awareness has necessitated the use of three 

analy..:ic categories which psychologists have found helpful in understanding mental erocesses: 

conative, and affective (or, if you will, perceptual, motivationa:, and emotIonal). 

Cognitive refers to the perceptual process of organizing or structuring the input received by 

one's senses: affective, to the emotional component tied to such percepts; and conative, to 

the accompanying set or predisposition for behavior. No matter how behavior is sliced, these 

three ingredients will be found present. Correspondingly, we can assume that each category will 

in turn bear the mark of a cultural imprint. The three categories, when applied to one's responses 

to both American culture and contrast-American culture, yield the basic :*-1-ework from which our 

criteria have teen derived. 

Both cognitive awarenwss of oneself as a product of American culture and awareness of one's 

(role-playing) counterpart as a product of contrast-American culture can be expected to affect one's 
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ultimate advisory behavior in the simulation situation. This Is the level of hos one organises 

the input received by one's senses. Paper-and-pencil tasks of predicting the most appropriate 

concrete responses of in American in the advisory situation and of the most typical contrast-

 

American responses -- more behaviorally.relsvant messuraments should bm even more closely 

related to the actual simulated performance of the advisor. Thes measures would correspond to 

the conittive or, loosely 'peaking, "Set for behavior" category. The third contributor to the 

trainee's behavior would be his affective responses to American culture and to Contrast-American 

culture, that is, his emotional reaction to culturally laden stimulus statements, either American 

or contrast-Americt.n. 

hote that the awareness of American and the awareness ot contrast-American -- as well as 

prediction of behavioral responses of each -- are seen as related and mutually reinforcing. The 

logic of the simulation is such that a knowledge, not necessarily explicit, of both Amt.-lean and 

contrast-American culture is required for successful behavioral execution. More specifically, 

the trainee is required to forge bridges between his cultural position and that of his countervrt, 

gradually evolving a mutually compatible position.* 

What instrumentation can be generated to accommodate such a concerion of interim training 

criteria? A general multiple-chcice test of idealized non-wer.tern (1.c., contrast-American) 

values and asaumptions has been designed to tap culturel awareness among Americans at the 

cognitive-attitudinal level. An example of one of the questions is: 

A (foreign) counterpart probably reacts best to advice 

(a) which stresses facts and figures ab ut concrete issues. 

(b) which is well embedded in a discussion. 

which is carefully offared in terms of "opinion" rather 
than "fact." 

which clearly indicates the direction in whidh he is to move. 

The trainee is instructed to assume that the cowaterpart is a hypothetical non-western person and 

to select in answer which is most clearly non-American. The correct answer, which is (b), is the 

Uaeem and 3onoghue (7) have retierred to a mutually compatible position between 
two rulterci as a "tlitrd cuTture." Quoting these authors, "The binational thil- d 
culture is defined as the complex of patterns learned and shared by communities of 
men stemming from both a Western and a non-Western society who regularly interact 
as they relate their societies, or sections thereof, In the physical setting 
of a non-Western society...the third culture cannot be fully understo^d without  
reference to the societies it relates and in which the participants learned 
how to act as human beings..." [underlining has been added). 
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one considered to contrest maximally with the assumptions and values derived from an analysis of 

American culture. The opposite to an American's direct explicit Impersonal approach to wore 

issues is an indirect, discursive personalising approach in which work commitments are indis-

tinguishable from social commismens. • 

The other alternatives represent varying degrees of American cultural commitments. Response 

(a), for exabple, taps emphasis on concrete operational definitions of phenomena ("Statistics") 

which not infrequently become confused with the phenomena themselves. The notion even permeates 

social science research where indices such as I.Q., for example, come to be accepted as the 

underlying abstractions thersolves -- intelligence is what intelligence tests measure. Response 

(0, on the other hand, highlights the notion of implementation, which, normatively speaking, is 

so crucial to Americans whose self-images are tied to progress and accompiiihment. 

A second instrument* is a more behaviorally directed ten of cultural awareness consisting of 

predicting a contrast-American's reactions in the context of an ongoing interaction. This test 

is actually a rwmiing narrative of a live cross-cultural encounter, appropriately broken at 

intervals where the "foreigner" gives a critical contrast-American response. The trainee is 

instructed to select the actual response the foreigner has nsde from a choice of four provided. 

The instrument may bo described as a multiple-choice test embedded in a real-life case-study 

format. An example is: 

Foreign cuunterpart: Well, you see our training COMe4 from the instructors. 
The instruttors know everything. 

American: If the people have any questions while they're being trrined, 
(do) they ask the instructor? 

Foreign counterpart: 
Alternative a: So, the foremen ask the questions. When the 
people are giving them good answers, they know it's time to 
givc more instruction. 
Alternative b: We take care to select our people properly. 
We see to it that what they have done before makes them 
a:ready familiar with the kind of work we are training 
then to do. 
Alternative c: YOU see, we have only a limited time to 
give then instruct.on...with these conditions it is 
more important to dispense information than to answer 
questions. 
Alternative d: I don't think they would have any questions 
because the Tortrvctors tc11 then all they need to know. 
The instructors give them all the training they need. Why 
should there be any questions? 

Alternative d is the correct response here, contrasting more fully with the American idea of 

studert-centertd education as embodied, for etrople, in Dewey's theories of education. Encouraging 

ictive student participation arid possible student Criticism, ai; the expense of blurring the status 

• Ig volopod h 
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differences between student and teacher, is not countenanced in the traditional non-western world. 

in;t7::cti= pre.pertltr.::: t: rtt: tf tbttrptitn tf tht ..-4" .!, 

and alternative b, a selection process reflecting training accomplishment. Moth are within the 

American bend of the spectrum of cultural assumptions and values. Alternative c acknowledges the 

precedence of inforsatioe-isparting to question-asking but cites an American criterion of ties-

limitation ("time is money") as a justification. 

A third instrument measures affective response to both American and contrast-American 

assumptions and values which are covertly preiented.44 stimuli in a behavioral differential 

(analogous to semantic differential) format. The test measures connotative meaning of hidden 

cultural assumptions by requiring the trainee to declare the extent to which he is willing to 

personally involve himeelf in a variety of behavioral situations with a person Who holds such a 

stated re .tion. Examples of such behavioral situations are  'would or would not invite this 

person to my Club," "would or would not be partners with this person in an athletic game," 

"would or would not be on a first-name basis with this person." 

An example of a stimulus with an underlying American assumption would be "A person who 

holds that the lessons of life are best learned from contacts with people of one's own age 

group." The statement betrays, of course, the American value of peer relations as a socializing 

influence and egalitarianism as a way of life. A stimulus involving a contrast-American essumption 

would be "A person who holds that to judge an issue by popular vote is to sacrifice the opportunity 

to detereine right from wrong." This statement taps tbe non-western assumption that truth, like 

wiedoe, resides in specified roles and isn't likely to emerge from any consensus, and further 

that it is an absolute truth as distinct from the relative working-type truth from which the 

American typically operates. 

Other instruments measuring cognitive awareness or American values end predicting the 

specific =ost appropriate behavioral responses of Americana in the simulation are currently under 

development and will serve to round out the paper-and-pencil instrumentation. 

All such paper-and-pencil measures are now treated as antecedent conditions or as partial 

criteria which are related in complex ways to the trainee's actual performance in the simulation. 

Glivicasly a simulated behavioral test situation is nesd..'d. The requirements of such a situation 

are two-fold: 

(1) The task situation must be a valid indicator of what is being trained, that is, 

the criteria for assessment should be qualitatively similar to the criteria for training input. 

(2) The task situation must Isnd itself to operational definition and reliable 

measurement. 
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These two requirements may be well satisfied by a conciete task which presents a problem 

apparently easily resolvable by "splitting the difference." As previously noted, splitting the 

eifferance or operating from a relative working-type truth is a typical American predisposition. 

Our eheoretical position dictates ft counter position for the centrast-american where truth is 

felt to be enduring, absolute, and not to be demeaned by negotiation or compromise. 

This theoretical statement nf an hypothetical non-western position has recently received 

striking empirical confirmation in the work of (b)(6) involving Greek nationals ii 

negotiation situations. (6) Theso investigators found that the Greek conception of a final 

product in a negotiation situation would leave half the Greek and half the American points 

intact, Each "truth" was accepted at nor-negotiable but if each side reduced the number of its 

"truthful demands," a compromise would become possible. Such an exchange was highly preferred 

over a final product that would be "in between" two positions. 

The above tack is but one example of how cultural values and assumptions can be built into 

an assessment situation in a way that admits of reasurerent and replication. To the extent that 

the American trainee can distinguish the different cultural approaches to "truth and compromise" 

between himself and his counterpart and behaviorally accomnodate the difference In evolving a 

compatible operating position, he is judged successful. 

Under such well-defined conditions, the development of a compatible position is relatively 

easy to assess; the trainee must redefine the compromising act to exclude the use of a working-

type truth and to avoid an approach praising the merits of consensus. Note carefully that 

neither of these two conditions and nothing generally in the redefinition of the compromising 

act need represent an abdication of either the traineet personal values or of his stated 

advisory mission. Cn the contrary, by raking the trainee aware of possible alternative 

cultural positions, he should become more aware of his own cultural commitments and increase his 

flexibility in the kinds of approaches he can make or avenues of discussion he can confidently 

explore (and exploit) in his direct personal interactions with his counterpart. 

To recapitulate: One of the most serious problems in evaluating cross-cultural operations is 

the lack of a convincing criterion of effectiveness for such work. This paper has defined a 

corplex of interrelated intervening criteria, both paper-and-pencil and behavioral, all of which 

have been generated from a simulated approach to cross-cultural communication and training. The 

cognitive conceptualization of the training input has borne out Wallace's contention that 

knowledge is advanced in complex areas of prediction when field critevia are temporarily 

abandoned and simulated criteria, relevant to some conceptualization of the task, are entertained. 

The specific discovery potentiAl are; heuristic value of the technique of simulation arc clearly 

an asset in such a rich but largely untouched area of research. 
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RESEARCH IN TRAINING FOR ADVISORY RCLES IN OTHER CULTURES (U) 
(Cnclaesified) 

P. H. Xing 

Behavioral SOLIMOss Laboratory 
Aerospace Medical Research Laboratories 9(HRTP) 

Wright-Patterson Air Force Base, Chio 45433 

ABSTRACT 
(Unclassified) 

Particilmticm by the military in counterinsuraency (COIN) and 
pre-COIN nieeions requires a new emphasis in preparing the soldier 
and airman. Success in COIN depends upon the ability of the American 
to interact effectively with people in other societies. The cross-

 

cultural training required differs markedly from the traditional stress 
on hardware. Many training missions &brows are short in duration and 
depend upon close, intensive interaction between the American advisor 
and his counterpart. These requirements make it neoseeary for the 
American to establish rapport quickly and to communicate effectively 
with his counterpart. Job and language skill is not enough; the 
American muat alao be skilled in the other peroon's customs, habits, 
taboos, mannerless, and gestures. Traditional preparation, via lec-

 

turer or *area atudiesi arc inadequate - boicaeLng what to do is not the 
sane as doing unfit you know. 

Described in this report is a program of research involving (a; 
field participation by Kola: acientiets on Mobile Training Team 
missions; (b) development and testing of a survey methodology to col-

 

lect cultural data; (c) experimentation with a new training technique; 
and (d) planned experimental yield training programs. 

The training technique under investigation involves ealf-confrontation 
in which a person views a complete visual and aural reoord of his per-
formance it a role-playing situation, via video-tapw recordinge. The 
technique has been shmx. to provide rapid acquisition and high retention 
of specified cross-cultural interaction skills. 

1. INTRCDUCTICU 

There are two facts which need emphaeiring about today's military operations in bruehfire uur 

and counterineurgency. First, there are marked changes in the traditional role of the eoldier and 

the airman. No longer is he rdeepdng =mass over clearly deltniated battlelinee. Instead hs is 

in claws, daily contact with native peoples. These persons are often his counterparts and do the 

actual fighting, leaving the military man in an advisory or guiding role. What these native people 

do and think le vitally important; thus the modification of attitudes and motivations of the native 

pereormel ie as crucial as the proper employment of weapons or the execution of battlefield tactics. 

Second, this new, quaei-politioal role of the military murk indicates a wholly new aKryach his 

training. Tn addition to his technical specialty he should have a firm ideological base, an expert 
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knowledge of insurgency, and an nqual understanding of the culture, goals, end enrdretione of the 

people with whom he is working. This paper deals with the last of the issues above; training for 

cross-cultural contact and interaction skill's. In particular, culture-eontact research will be 

;laced it the centet of UBee pertielpetion in oounterineurgency (COIN) and pre-COIN operations. 

The research problem end approaches described herein, however, are sufficiently generalizable to 

be of intereet to any agency responsible for training Americans for oversees assignments. 

Thie presentation is in throe parte' First, a statement of the need for research in cross-

cultural trebling and improvement of training progrene; second, a description of the total re-

search effort in the area by the Aerospace Medical Reeeerch Laboratories, and fiseay a report of 

our laboratory experimentation on a new trairing technique. 

In the paet, the U. S. military oversees contacted the local population only in sharply limited 

nye, the foreign persons were either refugees, an occupied people, or allies. In any event, the 

American militery tended to live quite apert from the local inhabitentr, isolated by the PX, the 

commiesary, the language barrier, and by cultural differences'. The emericen eels self-auffloient, 

his euppliee coming either from the U. S. or indirectly from the loeel resedente. Our GI could 

concemtrute on hie hardware and the business at hand of fighting a war across well-drawn battle 

lines. 

Hie modem role is markedly different. He is expected to work directly rnd individually with 

a native counterpart, who ray br somewhat opposed to hio presence (althoueh the Azerlean was re-

quested to be there by the native's eovernmett). The American's coenterpert may be equivalent to 

him in prestige and rank in the ioeal military structure, which means the American cannot enjoy 

the status of occupier or badly needed ally. Further, che Americae fends that, although :rained 

to "do", he to expected to teach and advise, a evitth in his roles which cen prove frustrating. 

This new role strongly uneerleneo the importance of solidly booed and effective enterpersonal re-

lationshipe between the American and hie ceunterpart. (Reference 6). 

2. NATURE OF THE PROBLEM 

Various government agencies and research organizations were visited and were asked what pro-

blems they have in preparing Americanc for ntact and work with native personnel overseas. Each 

agency wail asked for informntion regarding the goals of their culture-training program, the kinds 

of things teeett, the methods wee, and the problems faced by the training groups in achieving 

their eme. Two general findings came nut of the survey. First, there is a definite requirement 

for reject and effective training in cross-cultural skills. "Ugly American" incidents continue to 

daaggr American prestige and the U. S. image abroad. The standard prograno of intelligence brief-

ing, remote area orientations and lectures on customs and habits are iradequate. In short, know-

ing what to dc is not equivalent to doing what you know. Giving a man a lecture on do's and don'ts 
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able. 

Language harriers are not the only problem; lack of croas-eultural knowledge is a critical 

factor. One study showed that American officers trained intensively for a year in the Turkish 

language aide a poorer adjustment than those who went directly to their Turkiah overseas &Iselin-

sent. (Raferenue 1) The supposition was that the Turks expected the Americans to tc an conversant 

with Turkish customs as they were will the Turkish language. The disparity between language and 

croes-eultural grt the American* into trouble. 

The second general finding is that the American does not recognise his need for cross-cultural 

interaction akillo. Ho feels competent at instructing ab.1 socialising here in the U. Si conse-

quently he sees no reason why he 'should not be equally successful with his indigenous oot.mterparts. 

By the time he learns thrown bitter experience, his tour of duty is usually finished. 

Edward Hall, a noted anthropologist, 'states: "We have to learn to take foreign zultures 

seriously. The British are ahead of us on this, and tho Russians so far ahead that it isn't even 

funny. We, 111 the United States, are in the Stone Age of human relations in the overseas field." 

(Reference 2) The Anariesnis failure lies in his propensity to culture-shock and in the meager 

repertoire of interaction skills. Most Americans sent on overseas assignments' experience culture-

shock to acme degree and all the government agencies visited reported this phenemenon high cn their 

list of training and orientation problem's. "Culture-shock" as a tern was popalarired by Cr. 

Kalervo Oberg, (Reference 3) an anthropologist with the State Department, whe dencribes the 

phenomenon in this manner: 

Culture shock is precipitated by the anxiety that results from losing all 
our familiar eigne and symbols of social intercourse. These site or CUSS in-
clude the thousand and one ways in which we orient ourselves to the situations 
of daily life: when to Shake hands and what to say when we meet people, when and 
how to give tips, how to give orders to servants, how to make purchases, when 
to accept and when to refuse invitations, when to take statements scriously and 
when not. Now these cues which say be worts, gestures, facial expressions, customs, 
or norms are acquired by all of us in the course of growing up and are ss ruch a 
part of our culture as the language we speak or the beliefs we accept. A11 of us 
depend for our peace of mind and our efficiency on h..tedreds of these cues, most 
of which we are not consciously aware. Now when an individual enters a strange 
culture, all or most of these familiar cues are removed. He or she is like a 
fish out of water. No matter how broad-minded or fUll of good will he may be, 
a series of props have been knocked out from under him. This is followed by a 
feeling of frustration and anxiety. People react to the frustration in much the 
same way. riret they reSect the envirinnent which causee the dieonsforts "the 
ways of the host country are bad because they make US feel bad." When Americans 
or other foreigners in a strange land get together to grouse about the host 
country and its people you can be sure they are suffering from culture shock. 
Another phase of culture shock is reareeeion. The home environment suddenly 
assumes a tremendous importance. To an American everything American becoces 
irrationally glorified. All the difficulties and problema are forgotten and 
only the good things back home are remembered. It usually takes a trip hone 
to bring one back to reality. (Reforence 4) 
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A clear picture of a pressing requirement for applied research emerged from the literature

Aurvay, tz. ccm.w.niz, and inothar oger-4 .- T" "'" t and 

better methods of cross-cultural training is broad in scope and applies to every organization, 

government or private, which send American advisors abroad. This discussion, however, narrows the 

concern to the needs of the Air Force in general and to the training requirements of the USAF Air 

Commandos and area survey teams in particular. In hrief, these are the lessons learred from the 

study The most important and immediate problem is that Americans are inadequately prepared for 

oonteact and work with people in other cultures. USAF personnel have received little or no back-

ground in the language, customs, traditions, attitudes, and behaviors of persons in the countries 

they enter. The typical Air Force officer or airman is nauseated by foods commonplace in the Near 

Bast. He is offended by the rank body odor of his native counterparts and is repelled by differ-

ences in toilet behavior. He bemuse irritated and distracted by oriental fatalism and lack of 

punctuality. Communication failures, bureaucratic ineptitude and elaborate concern with face-

saving frueie the American advisor all the more. He is consequantly unprepared for inter-

personal relations with people other than fellow Americans. 

Another problem is preparing 61AF personnel for a training role in cc.her societies; especially 

in COIN and pre-CCIN operations. The essence of USAF participation in CCE4 is that we not do the 

fighting directly. Our min role is to guide, train, advise and instruct. In the past, the USAF 

relied 04 ekill.proficieney and high motivation to assist the airman in his teaching role (primar-

ily in giving on-the-job training to follow airmen); these qualities are not enough to oversome 

the cultural barriers present in ma: COIN situations. The situation is worsened by tho failure 

of instnrtional techniques to work effectively in the foreign setting. An informal briefing 

style enjoyed by trainees in the U.S. can be both threatening and insulting in the Middle East. 

The third problem is that American AIR Force persennel come into direct, personal contact 

with the local military personnel they are advising. In many eases they work, eat, soc!alize, anci 

risk their lives with these ceuntergarts. This relational:1p places critical importance upon the 

rapid eatabliohment of rapport, the naintenance of mutual respect and the effective exchange of 

ideas. Hall (refertnee 5) argues eloquattly for training in cross-cultural cos-tzlication: ". . 

formal training in the language, history, goverment and custom of another nation is only tht 

first step in a comprehensive program. Of equal importance is an introduction to the apnverbal  

language which exists in every country of tho world and among the various groups within each 

country. Most Americans are only linly aware of this silent language even though they use it 

every day. They are not conscious of the elaborate patterning of behavior which prescribes our 

handling of time, our opot1a1 relationships, our attituden toward work, asy, and learning. In 
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other nationalities, but more often, it is not.° 

In 'brief; the spatial character of training requirements for culture contact and interaction 

akilla poses a problem of critical import for the United States military. The cultural training 

required differs significantly fres the usual technical training now pnovidod. COIN oporatioce 

require training concepts and training research to develop these concepts which have been unevail-

able in the Air Force. The traditional emphasis on hardware is inappropriate for this new form 

of warfare as is the traditional emphasie on propaganda end peythological warfare. 

3. RESEARCH APPROACHES 

A program of research and development in cross-cultural training has been established nt the 

Behavioral Sciences Laboratory, a divicion of the Aerospace Medical Research Laboratories, Wright-

Patterson Air Force Base. This program attacks the problem of cross-culture contact on a number 

of front'. This is necessary because of the multifaceted and complex nature of the subject. 

briefly, the research effort is in four eegnants. First, the identificatten in the field of 

critical incidenta and obserNstion and analysis of interactions between Americans and native 

persons. Second, the development, testing, and evaluation of swans of obtaining cultural infor-

mation, and of sources of pertinent data on other cultures. Third, development in the axperizental 

laboratory of new, improved training methods - vehiclas for imparting the appropriate cultural in-

formation and skills. Fourth, experimental tr--Ining and evaluation programe, onploydrg Air 

Cammandov in actual operational contexte. 

Any training program for crosa-tultural interaction can ho thought cf as consisting of two 

interrelated parts; the eubetantive content, or informational material, arid the method or technique 

need to convey the material. 

A crucial and complex problem is the identification of the benevicra ard akilla mat necens-

ary for interaction within a given culture. Researchers free our Behavioral Sciences Laboratory 

have and are now participating in Mobile Training Team missions, to carefully record the types 

and frequencies of contacts, both on and off the job, between the Amerioar advisers and their 

locAl connterparts. Of special interest is the recording of "critical incident', occurrennea 

between imericanS and native weans which have a diatinct effect - either positive or negative - 

upen the desired rapport and mutuel trust between the twe6 peoples. This empirically gathered 

field data is being analyzed and from these az-Allele will Ultimately come an organizatior of the 

currently chaotic and anecdotal culture-contact information into a meaningful framework. 

Two cathode employing secondary source, for the acquisition of inforeation on other cultures 
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e-.0  being researched. The first of these involves ..he development of survey instruments such as 

questionnaires and interview schedules. for use with rormen r41.441uswi .n1 ..ath eer.tr et.z.mad 

from the foreign countries of interest; and content analytic systeme for the searching of written 

aftterinle, information gathered in this manner will be brought together in the Vim of a'bultural 

atlas," the substance of uhich could form the basis for the content of training programs. 

The second method ourrently being evaluated involves obtaining relevant cultural informeticn 

through the resources of the area study institutes, such as the South East Asian study centers at 

various universitiee. This node of attack reliee upon the professional community of anthropolo-

gists end scholars of foreign societies to a large extent. 

Cho of the in (mittens that the first mentioned of the two studies will answer, when 

completed, is whether esaninspful informaticn of a eroes-cultural nature, suitable for inclusion 

In training programs, can be obtained using essentially untrained laymen (military personnel); or 

whether this data is of such a coeplex and equivocal nature that only well-trained experts with 

years of study of and participation in a specific culture are able to obtain and interpret it. 

Developmont of a new technique for training crose-cultnrel interaction skills has been under-

way for some time. This technique, involving the phenomenon of self-confrontation, will be dis-

cussed in a moment. 

IL the near future an experimmatal training program will be conducted, employing Air CcemarAos 

home in the United States between foreign seeigtmenta. Designed to augment and to fit in with 

other pre-deployment training, the experimental program will make use of the information and tech-

niqute described elsewhere in this report. It will take the research in crose-cultural training 

out of the laboratory and put it in an applied operational situation. A group of Air Caenandos 

whose next overeese destination is knoc . will serve as experimental trainee subjects. It is then 

platred to accompany the trainees into the field and compare their adjustments in the fcrei&n 

culture and performances as advisors with that of Z:o.omandcs who have not received the special 

training. From this evaluation will COM, an identification of remaining problem areas and infer-

eatIon necessary for modification of the experimental training regimen into an efficient operational 

prOgrbe. 

4. RESRADDH SELF-CONTRCSTATION 

Research on new training techniques, to complemert traditional methods of lectures and manual 

reading, has centered un.the phenomenon of self-confrontation. Self-confrontation is a term de-

scribing the preeentation to a person, via videotape recording, of a °collets visual and aural 

recoeil nf hie perfornancs on a given situation. Used in conjunction with role-playing, self-

confrontatien pravides a dramatic and effectft,e mode for the training of appropriate cress-

cultural interaction shills. 
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A typical training passion precedes as follows: The subject (trainee) te given A straight-

forward explanation, demonstration or illultretion about a given culture or aspect of the culture, 

desired general behavior of an American in a particular situation, and specaric oehaviorel require-

ments for the aituation. He is thee required to play the rola of an American advieor in the 

foreign courtry, beset with the problem stated in a given set of instruotiona, and L. so doing to 

fulfill as many of the behavioral requiratente as possible. The trainee plays nut the role, inter-

acting with a person or persona preferrably from the other culture but wnerc not available 

ostensibly tram the other culture - actually confederates of the trainer. The trainee has no 

script and it therefore extemporise his conversations. All of the trainee's actions are re-

,00rdfd on videotape. Immediately at the termination of the role-play, the trainee sits down in 

front of a T. V. monitor and views the tape o: his yerformance, simultaneously receiving verbal 

oritieue of his serformance free the trainer. Satisfactory and inadequate aspects of the perform-

ance are pointed out, the tape being stopped and rem::: where appropriate for emytaaie. 

Following this self-confrontation treatment, which lasts on the order of twenty minutes, ti3O 

trainee returns to the role-play, where he performs a second time. This procedure, alternating 

role laying with videotape feedback and expert criticiam, can be repeated until a criterion level 

of perfonotnce is attained. Selection of a representative maple of role party', encompassing a 

range of likely interpersonal situations one would run into as an advisor in another creetry, pro-

vides training of a participatory, reel life kind that will enable a trainee to experience in 

advance the "foreign environment." Mistakes oammitted will be ccrrected end elininated, rather 

than the 4ot-eke being coemitted in en actual foreign culture and causing a negative "critical 

incident." 

An initial experiment with the self-confrontation phenomenon demonstrated that subects, 

trained in the manner just described, ioproved significantly in their perfom.ence after a 20 

minute intertrail self-confrontation session. Quattitative data on the adequacy of the suWects' 

performances was obtained by having judges vice the tapes and rate the presence or absence of 

suns 34 distirct, identifiable behaviors. (Reference 7). 

This result was encouraging, and so a more elaborate experiment was thee designed. This 

experiment used a role-play in whioh the subject, playing the role a ::SAF captain, advisor 

country '7", was required to report in to his counterpart (a Courtry "X" Colonel) repriaand him 

for one aspect of his behavior, commend him for another aspect, and report out. This interaction 

was to take place in a highly proscribed and ritualistic way, appropriate to the culture, with 

57 different behaviors beieg required of the subject. These involved everything from gross ontnr 

revetments to such subtle behaviors as tone of voice ard direction of gaze. Before participating 
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in the role play, subjects were given a 5 page "cultural description" of Country "X" to read. 

This description was in three versions, 079 ioaaea with iavorable eLeLeuttei.0 Wwww;.. Z.Le 

one with negative statements, and a third with mixed positive and negative attitudes toward the 

culture of Country "X." The hypothesis under test was that the more favorable the attitude, the 

quicker the learning of the requisite interaction &ilia. (Reference 8). 

One group of subjects received 3 role play trials, with a 20 minute self-confrontation 

session in between trials 1 and 2 and again between trial; 4 and 3. Another group did not receive 

the .elf-confrontation feedback training, but instead re:Avec' an equivalent time of other train-

ing intensive stuAy of the behavioral requirements .; the role-play as net forth in the "train-

ing manual." The question being asked here wast Does soli-confrontation training result in better 

performance of interaction skills than the traditional manual-reading methods? Finally, subjects 

returned to the experimental eating either 1 day, 1 week, or 2 weeks following their initial 

training cession. At this time, without being allowed review of any kind, the subjects were asked 

to go through the role-play again, from memory. This provided a test of tho retention over time 

of interaction skills learned through self-confrontation. 

The restate of the experiment were very informativet Throe trained judges viewed the video-

tape record of each subject-trial and independently rate(' the presence or absence and quality of 

each of the 57 required behaltors, on s 0-5 point scale. Spearman rank order correlation co-

efficients were obtained to access the degree of agreement or reliability among the judges. For 

the three possible judge pairings, the ries were .89, .89, and .94. This high level of agreement 

confirma the validity of the judging procedure as a data-generating device. 

The self-confrontation group attained a performance level on the final acquisition trial that 

was significantly higher than the level of the manual-reeding group. The latter grcup started at 

a higher level, due to their extra 40 minutes training tima; but the self-confrontation croup 

eurpeeeed them on the second trial, and far exceeded the manual group on :he third trial. (See 

Figure 1). 

The positive attitude subjects improved in their performance over trials at a more rapid 

rate than either the neutral or negative attitude subjects, and reached a final performanco 

that was higher than the other two groups. Terminal perfcrnance levels for :he positive, neutral, 

and negative attitude groups were 204, 192, and 179 respectively. (See Figure 2). 

Subjects returning cold to the role play after a lapse of as much as two weeks performed 

fully 94% as well as on the terminal acquiation trial of their original training. The one-day 

retention group actually performed slightly better than or. trial 3 of the previous day, Indicating 

that the retention trial acted as a fourth learning trial. The tw.1-week grou retlirei eorentia:ly 

the same percentage of their interaction behaviors se the one week group - there we: no retention 
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decrement between one and two weeks. (see Figure 3), 

n,mlimians rmn ha driun tram t:-.1; it, conjunci.ion 

with role-playing, was demonstrated to be a significant improvement over standard, passive means 

of learning interaction skills such as reading of training aftruele. S000td, it appears that 

attitude toward the culture affects the rapidity with which interaction skills appropriate to that 

calturs are learned. This could be due to the greater motivation of the positive attitude group 

to perform well in the context of the other culture, or, to the inhibiting effect of the anxiety 

or conflict felt by the grope with more negative attitudes. In any evemt, the creation of posi-

tive attitudes looks to be an important part of such training. 

The hi sh performance of subjects on their retention trial after two uueks indicates that 

okills learned thrmmel aelf-emtfrantation training hold up at least lens enough for the trairea 

to aci.ually arrive in the foreign envirorment, uthere such ekille would then be maintained by day-

tc.7day social reinDorcement. 

Currently we have in progress an experiment designed to further optimize the utility of 

closed cirer.it T.V. and vidsotaae equipment in conjunction with role playing. Mit experiment 

will compare the offoctivenees of self-confrontation with that of viewing a tepe of 1 model's 

criterion or "perfect" performance. Alec compared will be verbal criticism from tho experimenter 

with review of u:ittet materials, as an adjunct to the videotape feedback, and the 1 , lative 

contributions to learning of role-play practice and videotape feedback. with co.pletion of 

the current experiment, cough will be known of the self-confrontation and modoling-tritation 

techniques as trainirg devices to enable their  use with relative confidence in the pvevicusly 

discussed experimented training program. Only then can its true effectiveness be aeeeseed, he 

the American personnel trained in this canner go about their jobs in the foreig culturrl environ-

mor.t. 

In closing, I would like to rtate the firm conviction of all of us worming on thie program 

of roaearch, of the crucial importance of effective interpersonal relationships between Amerioate 

and citizens of countries in which civic action and technical training programs, and Insurgency-

counterinsurgency activities are ongoing or likely. It is becoming a hackneyed phrase by tow, to 

'Ulm: the minds of the people," but it is none the less true. Effort in making a friend for 

America now through a little understanding and sensitive treatment is easily preferable to the 

effort, tanks, planas und ammunition necessary to hunt down the eame individual, turned insurgent, 

five years from now. 
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Om the bailie of studies on Venezuela and Guatemala, 
sixteen relationships between rural and urban aspects of 
insurgency are pointed out. Most of these apply also to 
South Vietnam, but there are important differences. Doc-
trinal influences on theme relationships, and on the prob-
able significance of urban insurgency in a given conflict, 
are discussed. 

Research in the last few years has shown that insurgency only rarely occurs in cities on such 

a ecale and with such affect as to bring to completion the insurgent slims. It has also become clear 

that few insurgencies are successful without at some point utilixing the opportunities provided by 

the urban situation. Attacks in either milieu--rurel or urban--pose serious control problems which 

are compounded when both types of action must be faced aimultansoualy. Clearly one of the most 

significant problems in learning to control modern ineurgancy is to understand the nature of the 

ralationship between the two scenes. 

This paper considers some of the dimensions of this inter annection and illustrates their 

significance by reference to conditions which have prevailed in Venezuela' and Oustenals. 2  The 

framework so developed is then applied to seek en understanding of the urban insurgency situation 

in Vietnam. 

At least eleven points of view suggest themselves on the basis of which the insurgent leader-

ship in the countryside relates to the movement on the urban scene. There is no intention here to 

claim that all these conditions exist in each insurgency; only that several or all may be found in 

any given situation. 

1. DRHAN AREA AS A SOURCE 011  INCITEMENT AND INTELLECTUAL LEADERSHIP 

Rural dwellers may be frustrated and may protest against existing power arrangements in their 

national society, but their normal level of political sophistication is too low to instigate and 
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maintain a serious insurgent movement without outside help. It is in the urban sector of society, 

particularly among Intellectuals, that both political system... and organizine skill are sufficient 

to foond and push such a movement. Diseiplined rural violence riess and falls in intensity and 

extent with the level of agitation which is carried on mostly by people of urban origin. 

2. RECRUITHENT 

At laset the cadres for early development And command of a guerrilla movement in remote  

may be recruited from among city Activists. Such was definitely the case in Yenesuela from 1962 to 

1965. At a later stags of development of the Insurgent movement the peasantry may be more deeply 

involved. 

3. CONTROL AND LIAISON 

A variety of factors favor the maintenance by the insurgents of command end liaison head-

quarters in a major urban center. Of course that may be impossible for security reasons; neverthe-

less it is preferable. 

4. INTELLIGENCE 

The fact that government, and the societal decision-making machinery associated with it, is 

centered in the city gives the insurgents access to more intelligence here than anywhere else. The 

anonymity of city social relations, furthermore, allows infiltration and subversion on a much larger 

scale than in more intimate Settings. 

5. SUPPLY 

Arms, radio equipment, uniform., medical supplies, money, and even food may be carried from 

city to rural areas in volume. 

6. CONTACT WITH FOREIGN ASSISTANCE 

The assistance reaching the countryside fror abroad is usually financial, although printed 

propaganda materials also are shipped. It enters the country through smuggling or through trade or 

diplomatic contacts in the commercial centers. 

7. REST AND RECUPERATION 

The rigors of operating in remote area* with a few of the amenities of life point up the 

desirability of an a?ternative location for rest purposes. to the degree that the guerrillas have 

been recruited in the city they are even less able to put up with the rough life than peasants 

would be. As long es they are not too notorious individually, they may be returned for brief or 

long periods to relatively safe areas of the city, particularly in slum zones. 

8. PROPAGANDA OUTLET 

Since insurgents ultimately hope to gain incresepd support from the public, it is important 

to them to reach the public. Clearly the production and distribution of propaganda of some kinds 

is easier in urban circumstances. At the same time city people are more heavily politicized, thus 

Perhaps more receptive to propaganda than the cautious peasantry. 
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9. POLITICAL IMPACT IN THE CITY 

The mere fact that insurgent activity is going on in the densely populated urban areas cannot 

help but affect the political forces at play in the nation. Public support for or cpposition to 

the iesursonta result& in chauges in the political influence of partiean groups either essoaiated 

with or against the rebels. 

10. STRATEGIC INTERPLAY 

The insurgents may force concentration of government 'trench in either milieu to relieve 

premiere on the other. If too much damage is being suffered by the city-based units, a compensatory 

rise in guerrilla operations may make the situation more bearable as counterforces hove to be 

shifted about in adjustment. 

11. RIVALRY 

A certain degree of rivalry may arise between rural and urban activist" if the two forces 

continue for long. The differeneat in operational nature, protleoe, and haidshipa which the two 

offer make it likely that the rural fighter will look down on the value and bravery of the urban 

units. 

Rural insurgency as viewed from the city involves some mirror-image, and some new, types of 

relationships compared with those just offered. 

1. POLITICAL IMPACT ON THE NATION 

The threat posed by control of a remote-area guerrilla movement which cannot be fully dislodged 

by the governztent gives the insurgent leadership, based in the city, considerable bargaining power. 

Alliances may be formed on that Laois with other political sectors, or concessions may be procured 

in the political arena by reducing, or promising to reduce, the threat. 

2. STRATEGIC INTERPLAY 

The diversion of government forces by c.:phasizine either the rural or urban front works in 

this direction as well as the reverse. 

3. PROPAGANDA OUTLET 

Certainly the city insurgence are concerned with influencing the rural population and consoli-

 

dating the movement in those areas; hence they utilize the rural units to pass on ideas and mater-

 

ials normally phrased by city-based theorists and writers. 

4. REFUGE 

If all fails in the urban action, the redoubt of mountain or jungle remains. The die-hard 

little enclave of Malayan guerrillas still existing on the Mai border is a good example of this 

refuge function of a rural base. 
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S. CONTACT WITH FOREIGN ASSISTANCE 

WhmA alA Ivno wINrAmd ..an kw in isolated &&&&& havond government coetrnL the city aeti-

vista may actually depend to some extent on, supplies of arms or other crucial supplied brought into 

the country via such locations. 

Moat of these points apply both to Venteuela and Guatemala (and of course In part to other 

eituatione--such as Algeria, Palmitin*, and ('yprus--which are not treated in this paper). The PALM, 

the communist-led movement which has been fictive in Venetuels for the lest four or five years, began 

as a purely Caracas-based activity. When a policy decision was vide to implement rural operations, 

urban dwellers went out into the mountains to establish camps and bases, some of which remain today 

the centers of such rural strength es they cumu.nd. The most stable source of recruits was always 

the universities. The control apparatus was clearly centered in the capital city until the impris-

onment of many of the movemant't leaders in 196.  Until then some had held immunity from arrest by 

virtue of their elective positions in the goys-client itself. Even after their detention, liaison 

was carried on out of Caraces as much as possible, and still is. There is no question that • good 

deal of intelligence reaches the PALS from agents infiltrated into government and military positions 

which are concentrated in the chief city. Supply in the first two or three years wee very heavily 

dependent on city aid, and the failure of that spit= to continuo operating has caused the guerrilla 

bands eome of their greatest difficulty. Likewise rest and recuperation amidst the bright lights 

was possible in the earlier days of the insurgency for eons rural fighters, but today increased 

difficulty of internal movement without capture has limited band members mainly to their mountain 

areas, to thtit distinct hurt. The )4* and Communist party leaderships have been extremely active 

in attempting—not without some succese--to ally their political strength to other parties, and to 

exploit several propaganda lines simultaneously, 4th all these efforts centering on the capital. 

More than once failure to make progress on one front (es for example with the initial guerrilla 

debacle in 1962) has led the Com:A:nista to shift emphasis to the other to keep up pressure on the 

government., Finally there are indications that during the strains of lets 1965 and early 1966, 

come guerrilla leaders saw themselves as brave martyrs and the, city softies in the movement se too 

anxious to negotiate for political settlement. They in turn were characterized by sore urban 

insurgents as fools. 

Becauee of the undeveloped nature of the Guatemalan insurgency, fewer of these characteristic 

relations can be detected clearly. There is, however, not the slightest question that the entire 

action has taken its inspiration and leadership from ex-military officers an4 Communist activists 

who really belong in the city. Students again arc recruited heavily, together with some professional 

and middle-clase people from Guatemala City. The structure of control and liaison is not clear, 

but it is unquestionable that most of the action is correlated through leaders who frequently live 
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in the capital. Intelligence penetration it common arough at several levels so that almost certainly 

city agents furnish key information to the rural bands, Supply sorsa not to depend much 4 n this 

case on shipments froe urban sources, bu, when money was needed late last year, a le-ries of kidnap-

pitsaa„ mostly in or areumci ...Automata City, yialdad tbe inauraant move's:ate ad snob as 000,000 in 

elinSOM. Whether rest for the guerrilla fighters is planned or not, there clearly is shifting of 

forces back and forth between the eaatern lowland rural strongholds and the city for various cam-

paigns, so that the result is the same. Propagandizing and political infl ,Aince are clearly involved 

also in the action of the urban insurgent groups. 

Inadequate inforeation makes it difficult to be wholly confAent that we understand the sig-

nificance of rural insurgency is these two cases, but few important facets of the situation are 

likely to have been overlooked. It may be conclude,' on ths basis of these cam that we have 

identified a number of the ralationahips wW,th bind the urban and rural facets of an insurgent 

movement together. 

The question may now be asked, do relationships of the same type prevail in South Vietnam? 

If so, doea the analogue provide us with any guidance as to the importance and nature of urban 

insurgency there? 

Our information on insurgent actions in Saigon is severely limited, yet it is posaible to 

uake some relevant observations. It is probably true that intellectual leadership of the Viet Cons 

stems from urban centers in the North, although not from Saigon. Certainly the communists of both 

North and South Vietnam are controlled and policiea sat by city-reared people, ao the principle 

holds. Recruitment, particularly among student', is known to have gone on in 'urban RVN areas, h.t 

the presence of a heavy population in the countryside causes Viet Cons attention in the manpower 

'actor to focus there contrary to the condition prevailing in the Latin Arertcan cases. 

Control ie not exercised from the South Vietnamese city, because of the availability of 

superior locations across international borders and in soft rural areas. Without any question 

intelligence flows out of Saigon to the enemy camp. Crucial supplies OVVe in the same direction 

according to many reperts. 

Contact with foreign assistance is hardly possible in the South Vietnamese cities at present, 

and in any case is unneceehary because aid is available via other channels. 

Whether.  .he cast and recuperation function is served ty Szt , vn is an interesting question, 

but not a vital one. Since there are sizable areas in secure Viet Gong possession, such rest as 

may be permitted the guerrilla fighters can br accommodated there. Propaganda certainly is aimed 

at c$4 dwellers, but it is largely person-to-person, according to a captured document concerning 

Viet Cons propaganda tactics) 

241 

O
'r

"
O

P P
V

F
IN

P 



The degree to which urban and rural activity are used as strategic alternatives is not clear. 

But it is certain that when rioting and political problem@ occur in Saigon or Rue, a decrease i• 

noted in guerrilla attacks. Tha nature end dynamics of this interplay are uncertain, however, 

inforeatioe on what the urban Viet Come fool toward the rural units is completely lacking, 

but the strategic interplay, propaganda outlet, refuge, and foreign-aseistanto contact relationships 

are All logical and likely. 

Upon competing urban &Cavities of the Vietnamese insurgents with those prevailing in the two 

Latin American nations considered, one is struck by the relative Lack of Viet Cone urban operations 

and coordination with the rural effort. 

Several reasons may be advanced wily this is go. For example they may fear UB-ARVN ability 

to hurt their forces in the attempt, yet it is doubtful that the danger to the insurgents is much 

greeter than in Caracas or Guatemala City. 

Another possible answer ilea in the differing functional, meanings, and histories of city And 

country, and their relations to each other, in the two areas. "Rural" territcries where rice is 

the staple crop and populaton density very high are dramatically different from the sparsely-

settled campos of South and Central America. There cities were functionally peripheral; in Europe, 

however, the city also developed its own highly-politicized, highly-charged meaning, and this mean-

ing was transferred to the Americas. In Venezuela and Guatemala the city has for centuries been 

deemed the center, the focus, and the mein concern of national life. The way of life that counts 

and le valued--civilization--has largely been confined to the one true city in each of these count-

ries. If one wishes power there, no one ...:reame that he has it until after he captures that city; 

no amount of real estate and no number of peasant followers cnrriee the equivalent power and cultural 

meaning. 

The case of Saigon ie completely different. Only a straggling town a few decades ago, it 

still lacks almost completely the cultural association with power which its outwardly bustling 

appearance suggests to Americans. 

One of the clearest differences between our two regions of concern is that the doctrine of 

insurgency prevailing haw differed sharply. The Latin emerican movements have been but lightly 

burdened by formal doctrine, but the main external influence has been that of Lenin. by cont .:set, 

the Viet Gong operate under General Clap's, as influenced heavily by Mao Tae-Tung. 

The strong emphasie Mao gave to the long war among the peasantry is well known. Good histori-

cal reasons for this emphasie derive from the events of 1927 end later in China. Chiang Kai-Sheit 

that year used the Kuomintang and his military forced virtually to wipe out the powerful urban 

communists in Shanghai and Canton with whom he was nominally allied. The result--a slaughter of 
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perhaps tens of thousands of Adds—destroyed all hope that the Leninist doctrine of seeking moor 

in ^hint 

his doctrine which he then proved in practice over the next twenty years. The success of the Viet 

Minh against the French merely reinforced the emphasis on rural warfare, for they found it quite 

unnecessary to launch major campaign@ against the French-held cities. 

Some of Mao's idea. on the subject from the lO48 era of Chinese Communist advance era icatruc-

tive. They show that he made important distinctions about the cities which may essist in explain-

ing why the Viet Cone have not carried out the damage they surely could have done in Saigon, Dimme r 

or Hue if they had chosen to. 

"It is strictly forbidden to destroy any means of production, whether publicly or privately 

owned,
.4 

he noted. 

"Precautioua :Load be taken against the mistake of applying in the cities the measures used 

in rural arose for struggling against landlords and rich peasants and for destroying the 

feudal exploitation practised by landlords and rich peasants, which must be abolished, and 

the industrial and commercial enterprises run by landlords and rich peasants, which must be 

protected. A sharp distinction should also be made between the correct policy of developing 

production, promoting economic prospwilty, giving consideration to both public and private 

interests end benefiting both labour and capital, and the one-sided and narrow-minded policy 

of 'relief,' which purports to uphold the workers' welfare but in fact damages industry and 

commerce and impairs the cause the people's revolution."5 

"From 1927 to the present the centre of gravity of our work has been in vil'artes—gather-

ing strength in the villages, using the villages in order Co surround the cities and then 

taking the cities. The period for this method of work hls now ended.. ms centre of gravity 

of the Party'a work has shifted from the village to the city. In the south the People's 

Liberation Army will occupy first the cities and than the villagee."6 

The reason for his concern is obvious—he wishes to maintain production, not destroy it. And 

why? 

"From the very first day we take over • city, we should direct our attention to restoring and 

developing ita production. We must not go about our work blindly and haphazardly and forget 

our central task, lest several months after taking over a city its production and construction 
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should still not be on the right track and many industries should be at i standstill, with 

,a* e**.lr that the workers are uneanloved. their livelihood deteriorates, and they becofte 

dissatisfied with the Communist Party. Such a sta:.e of affaire is entirely ispermiesible." 7 

The latest major statement of Viet Cong policy in relation to tho cities still reflects the 

preoccupation with rural action characteristic of MAO'S thitliting, although it pays more attention 

to the urban aspect than former VC policy statements. This document, an unettribute4 atticle in 

the People's Revolutionary Party theoretical journal TIIN PHONG, was broadcast by the National 

Liberation Front radio on 21 February 1966. The emphasis throughout is on "political struggle." 

It hold. thst "The...situation OSLO sore (reflects) the very basic and decisive role of political 

struggle and proves that under the present new conditions and situation, there is no change in this 

role." The Chief call is to push such propaganda lines as the high cost of living, house eviction, 

land confiscation, conscription and wage increase demands, which "must be guided, stirred up, and 

developed into an extensive, organised, and guided movement." "What is important in the urban move-

 

Tent.. is. heightening the movement, and endowing it with • high political content." 

Difficulties inhere in this approach, it is admitted. Leadership must be wrested from 

"reactionary elements" in the varioue religious organizations and the trade unions. Police action 

is admitted to have hurt their struggle capabilitiee in Saigon. "Especially in the cities, it is 

not possible to organise  a huge struggle force in the manner adepted by the rural areas." Instead 

reliance has to be placed on the main chi ho, or cells, which are to "take advantage of all legal 

and eemilegal organization. of the masses." 

Violence is noted in passing as a tactic auxiliary to the political struggle. Forms "nay  

involve revol4tionary violence, including such things as demonstrating in the streets, going on 

strike, occupying workshops, ategins market and school strikes, carrying out vanguard propaganda," 

etc. Also "there will be concentrated large-scale struggles and comprehensive political offensive 

drives...by ;he urban and rural people...while being supported by armed activities." Yet even these 

acts are "to create an opposition opinion in separate verde. quarters, and enterprises," rather than 

to attempt large-scale violence p_e_r_ se. 

Thus it appearr that no doctrinal basis exists for supposing that the Viet Cong will attempt 

such tactics as disrupting economic facilities or launching a wideepresd campaign of terrorism or 

rioting in Saigon. In addition, of course, there is the practical fact that the insurgent movement 

is apparently itself economically dependent or parasitic on the urban economy:*  they would themselves 

be hurt seriously by destroying its fabric. 

Cf. Felix belair, Jr. "Imports of Aid Supplies to Vietnam Outpace Control by U.S.," New York 
Times, May 10, 1966. 
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In conclusion, it appears that in general there are cherecteriatic types of ,eletionehip 

between the urban and rural aspects of insurgency, but that their expression end relative importance 

depends on the local situation, on the doctrine held about insurgent operations, and on cultural 

evaluatioos of the aituetion. 

In Venoms's and Guatemala, as in sose other Latin Aaerican nations, the fact that insurgent 

dissidence is centered in the urban population and particularly Among intellectual', the traditional 

pre-eminence of the city, and the doctrinal view. of the insurgents coebina to make the urban aspect 

of insurgency • very real threat, and an ectivitv likely to be repeated often in the future. 

In Vistaam the doctrinal stance and the present force situation combine to de-emphasize the 

importance of title,. Co the insurgents. Furthermore the define to maintain the productive capacity 

of the urban areas, both for present benefits and in hope of ultimate seizure, discourage. any 

attempt to paralyze urban functions by seen, of sabotage or terror. 

While U.S. counterinsurgency attention is directed to Southeast Asia primarily, we should be 

cautious about generalizing on the basis of experience only in that area. We have shown that special 

cooditione there make it logical for the Viet Cons not to do their wore; to the urban zone, but in 

other areas, notably Latin America, and perhaps the Middle East and Africa, different conditions 

prevail. The threat of urban insurgent activities may well be much more significant there. 
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Scheinatleally, a fully evolved, Communist-directed ineurgenoy move-
ment will consist of three interlocked, parallel hierarchies: (1) the party 
itself; (2) a complex of civil organizations; and (3) military forces. The 
present paper analyses the characteristic attributes, both organizational 
and operational, of each of these structures, relying heavily on the South 
Vietnamese experience for its data—but drawing from other subversive in-
surgencies as well—to demonstrate the uniformities which have obtained 
over some three decades of insurgent activity. 

The paper commences with an explanation of the manner in which the 
Party combines it. committee system with its cellular structure at all 
levels. The Party Youth organization is then related to this highly sophis-
ticated Party design, taking care to differentiate the roles assig..ed, respec-
tively, to the Party and the Party Youth organizations. In the light of this 
analysis, attention is than turned to the Party rationale for the establishment 
of such a complex of command Channels in which every Party and Party 
Youth member is obliged to hold multiple poeitions and satisfy multiple de-
mands. The inner organizational dynamics that follow from this arrange-
ment Is also considered. 

Next, the multiple, parallel functions of the Civil structure are exam-
ined, drawing a distinction, organizationally, between (1) the mass associa-
tions in which the citizenry are enrolled and mobilized to support the insur-
gency, and (2) the system of "People's Liberation Committees" erected over 
the mass associations to supervise their activity and provide the substantive 
bave from which a shadow government may arise which seeks to displace the 
regional administrative organs of the constituted government. 

In the context of the Party's organisational work within the civil popula-
tion and the intent behind this effort, village militia—conventionally viewed 
as a component element of the military forces—are evaluated as serving an 
essentially different function from that accredited to them in the pest. The 
members of the militia, the paper argues, are not to be judged as inferior 
soldiers who wark part time, but as members of the village's elite mass 
association in which they work overtime. Regarding the specifically military 

of the insurgent movement, a dieunction Is drawn between the (1) re-
gional and (21 main-line force formations, and particular attention la directed 
to the naive, d'Iltre  behind the regional military element, its genesis in the 
craanizational evolution of the insurgency, and its role in the political mobi-
lization of the civil population. 
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The paper concludes with observations on the historical origins of the 
principles and practices associated with esen °I toe three hierarchies oi 
the insurgent effort analyzed and a statement on the insurgent's concept of 
operations. Stress is placed on the totality of the Interdepetsciencie which 
obtains between the armed heroes and the civil organization, and ouessilun 
La taken to Identify the respective contributions of each of these oomponents 
of the insurgency to the social revolutionary content of protracted guerrilla 
warfare under the guidanoe of Communist Party organization. 

The genius of the professionally directed Insurgency lies in the fact that Its command cadre Is provided 

with n body of thought and operational procedures allowing it to give the insurgency direction and purpose cor-

responding with the interests of no one but the insurgency's own leadership. Not spontaneity, but control Is the 

key word In accounting for the symmetry with whleh the movement expand. in its elements and escalates in Its 

Intensity. 

Leadership in a Communist-dominated Insurgency is lodged with • Party organization irrespective of the 

level of intensity it may have reached or the sophistication of the organizational complex through which It oper-

ates. 

Fully elaborated, the insurgent structure will consist of three basic, parallel structures, each of them 

reaching from the village and the district up through provincial bodiee to appropriate national executive offices. 

The Party apparatus will superintend the growth of a complement of military forces co the one side and a com-

plex of mass organizations and de facto civil administrative bodies on the other. 

At the top, the insurgent structure provides the Party with two new agencies through which it addresises the 

indigenous population and the world at large—ite supreme military headquarters and its executive of the national 

front. Both bodies will be dominated by the membership of the Party Central Committee among whom the as-

signment of multiple titles and responsibilities will prove to be thc rule, not the exception. For purposes of 

visualizing the structure with which we are dealing here, the following schematic representation may be em-

ployed. 

1. THE  PARTY LABYR;NTH 

The Party maintains Its own indepandent control and communication channels within the military and civil 

organization, duplicating the command structure of both of these letter elements. DM if extreme efforts are 

made to dominate, then the Party will concurrently attempt to stay out of the limelight wherever possible. Its 

member° will speak to the public at large either (1) through its dependent .agencies or (2) as members of one or 

the other of the parallel structures, assuming such disguises as are appropriate. Members of the Party com-

mand structure may live their daily lives—independent of either the military or civil organization—conducting 

themselves in accordance with the rules of security traditional to any clandestine group. Hut they can as well 

seek security through the cover provided by the civil organization or the physical protection possible within a 

military unit. The level at which the Party member works, the availability of communications, and the effec-

tiveness of the counterinsurgency are factors that will determine the Party member's whereabouts. Thus Tito 

and the members of his politburo lived with the main operational forces of the PLA, while leaders of the World 

War II Greek insurgency could reside for several years in the city of Athena, and many members of the Lao 

Dong party in Vietnam are hidden within the hierarchy of that insurgency's Civil Organization, the NFLSVN. 

The physical location of the Party man does not necessarily determine the nature of his work, nor does the 
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body to which he attache. himself always provide s clue aa to the authority he exercises In the movement as a 

whnIa. 

Linder the microscope of more exhaustive analysis, this Party apparatus preens to be not simply a verti-

dolly ordered system of nortunittees but rather a complex of hierarehiso, erected instde one another in accord-

ance with the principle of cellular organization. At the base of the arrangement lies the cell which contains a 

minimum of three members and must be able to perform a minimum of five tasks. In the order of their im-

portance, these several obligations are: sustained inner cellular discipline for which a designated individual 

assumes responsibility with the designation of "Cell Captain" or "Ileorelary"t the maintenance of liaison with V 
superior bodies through which the cell receives Hs orders, guidelines, and quotas to be filled; distribution of 

literature produced by higher Party authorities (e.g., newspapers—overtly or clandestinely printed—books, 

eta.); the 000dstet of local agitation within the populace to include the fabrication of leaflet and other locally 

producers printed materials; and, finally, the maintenance of fiscal records (dues, money raised, contributions. 

etc.). As the cell expands in size, the functions it may assume increase proportionately, with particular atten-

 

tion betas given to the conduct of agitation and the closely associated infiltratkm of comfier easocitUone within 

the populace or the creation of such bodies under disguised Party direction where they have not previously been 

established. This activity may be referred to as "mass organizational work" and its ultimate payoff—when 

conducted ip an integrated fashion at multiple organizational layers—may be the appearance of prototypes of the 

"Civil Organization," mentioned here above, even long before anything vaguely approximating a guerrilla band 

has been activated. Inner cellular discipline, cited as the first priority of the Party, is built through the dis-

 

tinctive Party practices of the atoergie meeting, the ideological autobiography, self-criticism, the "democratic' 

discussion, and vote on proposals or. which final and irrevocable determinations have already been made be the 

Party's national leadership.t 

Next to identifying the essential characteristics of the cell, it is important to stress that all party members 

are simultaneously cell members. Each must have his "home," a cell in which he ha officially enrolled as a 

member. At the grass-roote level, this arrangement poses no difficulty. One is a member of a cell and, in the 

context of the cell's assigned responsibilities, one carries out his specific obligations. But at higher levele In 

the Party, the member is concurrently a cell member and a committee member. That is to soy, one's Pnrtv 

work is not necessarily performed exclusively in the framework of the cell. 

A glance back at the schematic structure of the insurgent organitation in the chart (Chart I) shoes teIrte 

committee organizations at the !ocal, district, provincial and national levels. These bodies may develop Into n 

highly sophisticated structure under the direction of a secretary, his assistant, and his executive officer. Under 

them will function a "Permanent Standing Committee" of perhaps four to ten persons in which the princlixil ex-

 

ecutive officers will likewise hold membership. And, subordinate to these larger bodies, a series of brfloch 

agencies and subsections may function, engaging the energies of possibly a score or more additional individunis 

(among whom non-Party fellow travelers are occasionally met in posilions of limited responsibility or of a 

IThe present author cannot stress too much the importance of having the counterinsurgent both acquaint 

himself billy and thoroughly understand the open literature produced by Comm late dun i the last five decodes 

on inner Party practices. Characeartatic of this literature are the pamphlets o (b)(6) roduced In the 

1940's and published by Peking.' Foreign Languages Press in English by the ear y . On the  

Inner-Partr_Strutzle; How To Be  a Good cOnununist). It should be added that none of the three partictear 

documents cited here may be understood narrowly as limited in their applicability to China alone. The princi-

ples treated In them are of the highest relevance to the membership of any Communist Party. 
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clerical character). This system of committees, together with their specialised elements. structured as • 

Moro r1+1.? .  rnobyk yowl of •• .hd. hen,..m.c•nseof ismer), which the Party nenseseetes iIi. ingoirgrenry nwt•iisd 

Party regulations will determine the requirements lor membership In the various section& of the committees. 

Normally, a minimum "Party age" number of years ethos an tedivideal Remand full Party membership) 

will be fixed for the secretary's and the assistant secretary's pcsitions. 

There, where the Party ereota this more sophisticated organ, It does not dispense with its cellular struc-

ture. Roth will exist side by aide, arid immediately, In the following fashion (Bee Chart 2). All Party members 

In a given branch or agency of. committee, including the member of the "Permanent Standing Committee," will 

be integrated cosourrenUy into one, two, or more cells. In the cellular struoture—as opposed to the committee 

getup—the cell captain is responsible to a new body, known ea the "Party  Croon." which Resin has its First 

Eleoritary, Assistant Secretary, and Cellular Committee fin this case, smaller than the buresucratic "Perma-

nent Standing Committee"). A "Party Group" will be reeponsible to yet a third cellular offloe at the given 

bureaucratic committee level, the "biter-Park/ Committee," tt, still once more, vi,11 be headnd by a First 

Secretary, Assistant, and Cellular Executive Committee. 

The line of command within the cellular structure operating at, as an example, the district and provincial 

levels Is from the supreme agency of the province—i.e., the Provincial inter-Party Committee—directly down 

to the District Enter-Party Committee, skipping over the intervening localized offices. In the same fashion, the 

command channels in the party bureaucracy will proceed from one First Secretary or his Permanent Standing 

Committee down to the comparable office at the next lower level. Only as one single person controls both 

supreme offices at his level of organization does he dominate the instruments of power. Where this is not the 

case, the cellular First Secretary, even when he occupies an incommicuous position in the bureaucracy, be-

comes the boss of the Committee First Secretary. The manner in which these two Pi_nyt structures are related 

to one another Is schematically Indicated in the following charts. 

One might mistakenly assume at this juncture that the complexities of inner-party organization had now 

been resolved. This is far from being the Case. Yet a third parallel structure is built upon the "Party Youth" 

organization, an indispensabte affiliate of any Communist Party. The youth organization is a halfway house into 

which likely future Party members may be drawn in their early youth before they reach the required age for 

candidate membership in the Party proper (varying between 18 and 20 years of age). This body may not be 

viewed as a mass organization after the fashion of. Women's Association, a StudentOrganizatIon, a Journalists' 

Society, and other like bodies. There is a fundamental difference between these latter mass associations and 

the youth hierarchy. The mass organization is an instrument through which broad elements nf the population 

may be mobilized In support of subversive ends; the Party Youth, in contrast, is a school of training and prep-

aration for the assumption of inner-party responsibilities at a later date. Individuals within mass organizations 

may indeed eventually become Party members. In principle, the Party encourages lust this development, but 

this is not the primary mission of. Women 'a Aseoclation, as an example. Rather it Is to involve substantial 

portions of the population in activities which at on and the same time enCince the likelihood of an ultimate 

victory by the insurgents, while making those so Involved unavailable far counterinsurgents as a source of' sup-

port. The Party Youth, on the other hand, does have the primary task of producing tha next generation of Party 

members. Individuals enrolled III this body will be employed, to the maximum extent possible, in a manner 

similar to their more experienced seniors, for the Party wishes them to acquire that indispensable experience 

in the multiple phases of Party work which will make it possible to draw them into the hard core of the 
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organization by Ine time they are of age. Within the Youth thiponizatton. lour levels are rerognir,1 auh•erti. 

dill, youth group, and youth Inter-group. The youth In any given area will be Incorporated In ouch an arrunae-

meat and will be responsible to. "youth inter-group" committee. hierarchies/1y at the next higher level. It is 

Immediately apparent that this Is an attempt to duplicate the Party's out strucesre, nails bureaucratic 

structure. And the Party', coatrols over its own youth structure will proceed, Indeed, from Its cellular orga-

eization, not Its bureaucracy. A moment's reflection will make it apparent that no other arrangement le Pos-

sible if the Party is to maintain its control over the youth apparatus. The Prrty leadership appreciates that 

usttil the olosing phase of. successful Insurgency, it must ever maintain Inner organixatioruil flexibility. It 

must be prepared—in the feet of a sudden thereese in the strength or effectiveness of hostile forces—to deacti-

vate with dispatch Ile more coceplel organizational arrangements without losing its integrity and thus falling 

apart in the process. This Is one of the essential reasons why the Party's cellular character is maintained In 

working order stall times. And for this reason the Party Youth will be tied to the cellular structure wbere 

control CAA be sustained irrespective of losses or the level of overt activity feasible. 

Specifically, control is asserted In the following way: Members of the cellular "Inter-Party Committee," 

frequently known as "commissars," are attached to the two highest levels of the Party Youth hierarchy (i. e„ 

at the "youth" group and 'Youth Inter-Group"), the Party Group in assigned the task of supervising the activi-

ties of the youth "cell," and the Party "cell" acquires directing authority over the youth "sub-cell." The Party 

cell's ynuth specialist may give orders or assign quotas to his respective sub-cell youth elements, and he ex-

ercises veto rights over projects proposed by the latter. A Youth Group or Inter-Group Committee sends orders 

to subordinate youth elements with the approval of its attached or associated full Party member, 1.e, the 

"commiessr." And ar. inter-group youth committee at the district or higher levels rules over a comparable 

Inter-group at any lower level in complete imitation of the relationshipbetween cellular Inter-Party Committees 

at dissimilar levels, but with the proviso that the responsible "commisar" approve the proposed nction. The 

relationship between the several Party bodies, including the youth structure, may now be indicated as in Chart 3. 

But now the question must invariably arise: 'Why?" Why this labyrinth of controls, checks, surveillance 

eritctr.ra, etc. ?Is there not a simpler means of achieving the essenUal alms cot the organization ,  The answer 

is emphatically, "No /" The issue of survival, mentioned above in passing, elready constitutes a major justifica-

tion for such Al arrangement, but the raison d'dtre for the structure goes yet much deeper. 

Communism, as a way of life and form of organization, Is not realizable in the absence of the eel!. The 

cellular structure of any Communist Party, whether legal or illegal, is its most critical characteristic. Both 

the mentality of the Party member and the distinctive types of operations pursued by this Party presuppose 

this principle of cellular construction. Again, "Why" Because only in the environment of the cell is the party 

provided with the crucible in which to mold the new recruit into a disciplined Party subject. Ills within the 

cell that the member learns to live with the relentless Inner-Party practice of critic 15m-self-criticism. Here 

his indoctrination occurs, progressively isolating him—emotionally and intellectually—from the attitudes and 

patterns of behavior abroad in society at large. These are matters that cannot be effected within a bureau-

cratic environment. 

All of the Party member's activities conducted in behalf of the Counter-intelligence Section, the Economics 

&motion, and the Administrative Branch make up his job. He may work at these tasks 9 hours A day, 10 hours Relay, 

or more, but his obligations here are finite, In his official position in the territorial Party Committee, he is n 

bureaucrat among bureaucrats , with obligations of a delimited character whichdemand less than his total energies. 
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As lue& as the individual is 1,0 with Ire, lime. with his holieneu WM" private interests. he cannot l* pro-

 

voked loin thel  fo.'w. of "4"— ' ttgg- gri.  • sigarspoineu rommana apparatus in-

 

tended to supply leadership In the protracted struggle for the seizure of political posger in cosintries !Ike South 

lasissease. Ilsas•4110091•4 eterrtted trztzre cif cesnimitte‘s nag; sgesegu/es its Provided In the cell 101101 

pieces not finite but Infinite demands wpm its membees. 

Among one's fellow Party members within the cell, one Mods hImeelf In the midst of an Intense, dynamic 

environment, well calculated to absorb utterly the entirety of one's being. The cell places a claim on the entire 

energies of the indlyttkial—physlcal, Intellectual, and moral—and demands total commitment from lea members. 

Ideal goals are reiterated through inter-actin° which at the best can only be upproxintated by the participating 

member. Consequently, the individual is left evert. '-eibt Al to the 'wee's of his efforts to approach the de-

mands placed upon him, while being encouraged to believe that Coe realization of the goats set forth for the 

modal cell member accord with his ova% best interests. As a result, a built-in, permanent sense of insecurity 

lives in the mind of each member, spurring him on to exert himself with aver greater urgency. Furthermore, 

the dynamics generated in such a system of cells, Integrated at the "Group ' and "Inter-Party" levels, neces-

sarily takes precedence over the Party bureaucracy at the same level, particularly In light of the fact that not 

all of the personnel engaged in the agencies of the bureaucracy will be Party members. 

Outside of their daily labors in their various offices and agencies, the cell members are expected to meet 

at a minimum of once a week for criticism (or struggle) sessions during which both the Individual 's work In 

behalf of his cell and his work IA his formal office are subject to the searching examination of colleaaues. 

Here, In the cell meeting, the orders received by the "Group" from the "Inter-Party" (which, in turn, receives 

order. frosts the "Inter-Party" at the next higher level) are' made known to the individual and his work norms 

are set. In his formal office, he may well receive thereaft.t, r a directive encompassing In substance the same 

determinations established during the cell meeting, but it is the release of instructions at-nong the assembled 

cell members that counts, and It will be to the end of satisfying the criticism leveled against him by his fellow 

cell members that the individual will exert himself. 

2. THE CIVIL ORGANIZATION  

The civil organization In contrast to the Party structure is an implementing body, not an originating one. 

A considerable effort will be made to encourage the belief that it (I) does initiate action and (2) does so In the 

ir,terest of the populace at Leer from which Its members are supposedly "democratically" drawn, but In fact 

it is entirely the creature of the park-V, subjected to more complete controls than the military forces, since it 

lig the source of couch of the movement's supply, intelligence, and recruits, and since, in it, the Insurgents see 

a device thrutigh which they may one day win a cheap victory by negotiation or by the default of the adversary 

who comes to believe that the front genuinely does represent the "wave of the future." Within •'civil organisa-

tions" are embraced both (1) the mass organizations in wh'ch the citizenry are enrolled and mobilized to sup-

port the Insurgency (e.g., peasant, women's, youth, laborer, student, etc. associations), and (2) the system of 

"People's Liberation Committees" (PLC) erected over, and drawing members from, the popular bodies estab-

lished at their respective levels. 

The MUSS organization is the device through which the organically structured populace is committed, at 

the Party's direction, In behalf of tasks which contribute to the insurgent effort. The PLC, in contrast, la an 

agency of coordination and administration thrust down over the civil organliaticns of the local citizenry. 
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is the eyes of the local citizen. IJ PLC I. a Party inealtS Of contact and surrelllaser. With respect to the 

outside vesrld, It is the oroyniaatioe %men preempt. mit nelson num:lions aux; vlisu4,,,,,as all 

dyrough which the People Blight articulate their interests Rod to*Sde. These two bodies, then, differ In their 

purpose. Still, they must be conceived as teierdeponwhisi marmots of a sl'essals u'4ile,61 lit grodlatit of Communist 

insurgency: 'The progressive domination of the nation's population and resources, 

ij. 'THE VILLAGE MILITIA AS THE INSUROENT'S ELITE MASS ORGANIZATION 

Yet a third distinctive element may be treated In the general discussion of mass organisations: the 

mind* elements of the movement. Breaking with the convention of examining all oombatant and armed units 

of an Insurgent movement in the context of its military forces, it may be argued that the significance of several 

of the paramilitary organizations maintained as an example by the Dang LAO Dong at the village or hamlet 

level can be much more readily grasped If one evaluate. them, not as inferior military forces which ,,nly work 

part time, but as tho elite formations among the multiple Maas associations In which the members work 

overtime' 

There are several periphery] groups that may, from place to place, be Identified as genuinely paramilitary 

elements, e.g., the Veterans or former Ileaiatance Flghtersl Aseociation. the Liberation Red Cross; but 

more important and more‘frequently met are the village and hamlet guerrillas or "liberation troop.," and the 

Self-Defense Forces (SUFI. Of these, the "Guerrilla' as the Communist insurgent understands this word,' Is 

the more important to the Party leadership. It le made up, first off, of relatively young pereons who, secondly, 

joined voluntarily, not in the Western sense of unprovoked and spontaneous identification with some abstract 

cause but rather as a result of effective Party work which progressively compromised a subject's independence 

of decision to the point that he throws In his lot with that of the insurgents. The individual enrolled in a guer-

 

rilla unit is, to use the Party's terminology, a "receptive male or female youth. The Individual may be 

trained on the spot or concentrated In an area outside the hamlet, where he is trained on military and political 

subjects. He does participate in combat, hut the unit to which he belongs operates only in the local arcs. Such 

an individual can have only a minimum of professional military training. Equally important, he has his abode 

within the local population, where he IA subject to the fluctuating influences prevalent among the people. His 

basic Interests remain those with which he concerned himself previously as a luil-f:edged 

Joining a village or hamlet guerrilla or St) force Is not conceived as enlistment in the armed hrces In 

stepping up the rate of recruitment into the army, Party leaders at the local or chapter level are encouraged 

to draw those who do not want to enlist in the - regular army" the Qusuf Dot Minh Cuy.(see note above) into 

SDF or guerrilla units first from where they may then be persuaded In time to actually "enlist.' If the village 

guerrilla's statue has hen altered and he finds himself engaged in new kinds of activities, 'hen this is likewise 

the case with his neighbor who has joined the Peasant, Youth. Workers', or other mass association in the same 

tin Western parlance it is customary to refer to the entirety of the Insurgent combatant forces as "guer-
rillas." Including under this label elite, professionally trained forces as well as local paramilitary or part-

time fighters. If it Is recognized that substantial ditferences exist in armament, training, and unit competence 

between varying unite, then the proclivity of all of them to employ guerrilla tactics still serves as a justifica-
tion for the general use of the word "guerrilla," This la not the cane in the Deng Lao Dong's own terminology 

for referring to its military forces. For the Vietnamese Communist, a "guerrilla" is exclusively a member of 

a village or hamlet militia formation,. the Dan Ouan Du Rich. Regional (Po Dol Dta Phuong) forces and main-

line (Quan Doi Chu Luc) forces are heparattly conceived as constituting the Regular Army (the Quan Doi 
Chanh Cloy). 
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*Maga. I  Strikingly new In the lives of both iacktddvals Is not so mach ilne fact that they bare or lure not been 

Issued distinctive equipment or comerwnced training for some specialised role, but that they have been absorbed 

1*10 OrgreaMastless foe Mark there •ea 

coaformasee to alien patients of behavior. The distiectiotebetwetie tee members of the "Liberation Peasants' 

AaaseJellea" mei the Wings fastevellia tees fe 4.4,110y, Tee nf decree, folloelew. from 11) the grczter preidtge and 

(2) Ole beivy demaeds placed upon the personnel of the letter body. The guerrilla's weapon, If he Is armed with 

a modern firearm, is a status symbol as well as an Instrument with which to kill government teourIty personnel. 

And In both types of mass associations, guerrilla as well as straight civilian, the Village Party Local or 

Charter Is completely In control—not the hill-time Watery foroe—whether it be a regional LnIt in the local en-

virons or an lafiltrated main-line force. The formation, training, and utilisation of BD and guerrilla forces is 

handled entirely through Party channel.. In this area, the Party chapter ansetrs to District and Higher Party 

Committees, not to military commanders. Main-force units are forbidden to lodisorlinlnately Induct personnel 

enrolled la village polities) or militia bodies into combat wets. This is aa much the case in Vletrem now as it 

was in the Chinese mainland insurgestoy of the 11130's, the Yugoslav insurgency of the World War Ti period, or 

the Malayan affair of the late 40's and early 50's. The determination of who It hall go rests with the leadership 

of the Party Local and, for each individual incorporated in an operational unit as a replacement, the main-force 

unit must Issue a written acknowledgement to the local Party authorities. 

Rally alive to the nature of the distinction at play between the mass and the guerrilla body and well aware of 

the fact that the prestige associated with guerrilla status can be exploited to intensify mass work among the yet 

unorganized, the party assigns indoctrination an even more important role in the guerrilla unit than In the other 

mass organizations. Through indoctrination, the influence of popular opinions adverse to the insurgent move-

ment on the unit member can be reduced, and the goer Illa organization can be utilized as an additional device 

through which the local population is systematically propagandized. To maintain the paramilitary organization's 

prestige and bold its members together In an increasingly tight-knit operative group, military actions are under-

taken in conjunction with regional or main-force unite, but ultimately this structure must have a greater impact 

on the ambient population than on government securle/ personnel. 

Throughout all of these elements of the Civil Organization, the mass organizations, the administrative/ 

executive liberation committee (PLC) and the militia, the Party's committees and cellular structure atthe local, 

district, etc., levels will be unobtrusively inserted. The branches, agencies, and sub-sections of a "Permanent 

Standing Committee" may be constituted as the rdmInistratIon offices established under the "elected" officials 

of a PLC, or the locally elected "Peoples' Court," may be found to consist of the party's terrorist and prose-

lytising cells in a Village complex. Great variety is possible, and within the Party's general guidelines extreme 

forms of opportunism are permitted the Imaginative Party cadre. 

trbe control, exercised over the rural peasantry under the ancient Pao Chia system, which once functioned 
under various guises In Indochina as well as in China proper, have been equated with those evolved through 
mass organizational work. Arguing from this premiss, it is conoluded that the Pao Chia system ill set the 
precedent for the later Communist control technique. and (2) thlt rellaiwe unnn 'u-h means to establish order 
within the population is consequently distinctively Asiatic. 03e (b)(6) 7ontrol of the Population in  
China and Vietnam: The Pao Chia System Past and Present)  U.S. Naval Ordnance Test Station, China Lake, 
California, November 1e134.) This thesis i.e Unacceptable on two counte. A close comparison of the two systems 
of control actually reveals greater dissimilarities than ilk between them and, second, the Communists' 
ability to erect MAIM organisational controls among peoples with no oultural precedents comparable to those of 
the Orient has  been, historically, repeatedly demonstrated, e.g., in Coba, Yugoslavia, Greece, European Russia, 
and the entire satellite system in Eastern Europe, etc. 
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4.  111F Mil rrAllY FiaRCTS OF TIIF  th=81.1201, NT tR \NI/A-Fttor 

Finally, the military forces are the lasurgrnt'a cutting edge, the catnlyst provoking the mobilization of the 

MARIPII. in South Vietnam, currently, they Are to 'ie urgteratnixi as that element of the total movement which 

provides the Party with the ability to contend with security forces where the latter would operationally disrupt 

the progressive mobilization of the population In behalf of the insurgency. Fighting Is no end in itself, hut one 

of a series of moans to an end; the determination of which means will be utilized at any given Juncture or in any 

disdnotive locale Is a matter for Party decision. The military services participate in making such determina-

tions quite simply hecaugic they are commanded by high-ranking Party members who exercise influence as a 

consequence of their positions within the Party Itself. To attempt to understand the relationship between the 

Deng Tao Nog and its armed forces in any other context is to attempt to grasp the reality of the situation from 

a frame of reference which Is essentially alien to it, 

Tactical commands, inserted between the ser;ral echelons of military command (see Chart 1) and reopen-

Bible to the higher of the two relevant headquarters in each case, will coordinate operations involving the tine of 

muldpieunits controlled by party committees at two or more hierarchical levels. An extensive literature al•-• 

ready exists on the larger rnatn- line force*, operating under the direction of the higher offices of the Party, the 

so-called Ouan Doi Chu Luc in current Vietnam: less exists in print accounting for the origins and purposes 

for the lesser military units operating in restricted areas under the control of district and provincial Party 

headquarters—the Po Doi Din Phuong in the Vietnamese context. Because of the great strategic importance of 

this lesser regional force in the insurgent's picture, and its criticality to counterinsurgent planning, a word on 

this matter should be incorporated here. 

Broadly, the regional Guerrilla exists to effect two goals. On the one hand, his operations oblige the 

counterinsurgents to decentralize elements of their own forces, prohibiting maximum concera.ration of force 

upon major armed forces once identified. At the same time, the presence of a disciplined fighting force locally, 

strengthens the hand of the Party organizer In the village engaged in mobilizing tne population in mass organi-

zations or in executing a work prugram or people's drive via the associations already established. While the 

first of the two functions performed by the regional force may not be underestimated in its consequences, it is 

this second role with respect to the local peasantry that deserves careful attention. 

Upon the determination of the Party to commence a protracted social revolutionary Aar, the very first body 

to be activated is this one, the regional unit. That Is to say, the organizational effort starts neither with the 

village militia, nor with the main-line force. Both of these latter bodies appear later, and in part, as a result 

of effective work with regional units. If the importance of the body is indicated by the priority attention It re-

ceives, once the Party commences the structuring of its insurgent organization, then the reasoning that leads 

the Party to initiate its effort specifically at this point is even more important. The Party does not propose to 

fight guerrilla war with the regional band. To the maximum extent possible, indeed, the Party will restrain the 

unit's members from engaging in any but the most marginal small-unit operations, just enough so that the local 

population will know of its existence. For the insurgency's leadership, the importance of the organization Is 

primarily political, not military, and its primary mission from the outset is to support organizational efforts 

among the pea-.antry. They provide the terror which convinces where the words of the Party's agitation/prop-

aganda cadre fall to accomplish this. And later, after the initial mass organization effort has gotten off the 

ground, the regional unit provides the local Party committee Mir; the means of punishing opposition groups ir. 
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paasantry, allowing it to assume so increasingly military role: but it will remain ever ready to conduct demon-

strations of strength to guarantee the Party members, lodged within the village's own associations, an overrid-

ing voice in local affairs. 

G. THE TACTICAL ADAPTATiON c/f TPE STYLIZED MODEL 

U this constitutes a generalized model of A fully evolved Communist insurgency model under conditions of 

pretreated revolutionary warfare, then its precise form in any one single instance will vary necessarily in de-

tail. In Malaya and in the Philippleee--where the insurgent effort failed ultimately—the intermediate echelons 

(Distriot and Province) never materialized, in the latter ease, the local civil orgitnitation rimmed the formal 

character of Barrio Committees. In the present setting of South Vietham, the model must be modified by In-

serting an additional vertical echelon of organizations across the board at the interprovincial level, directly 

beneath the Central Committee. And that latter body, together with its direct dependencies, the supreme mili-

tary headquarters and the national executive of the civil organization (i.e., the NeLliVh0, must be understood 

as functioning from north of the 17th Parallel or up against the Cambodian border in relatively secure areas. 

If such an insurgent organizatioh seems highly distinctive from a Western point of view—with its parallel 

PartY, civil, and military echelons, each, in turn, recognizing further structural bifurcations—then it is a matter 

of importance to stress that when the current model operative in South Vietnam Is compared with the other 

Communist insurgent organizations which have preceded it during the last thirty years, It Is found to have con-

tributed nothing new to the Communist storehouse of experience above the most trivial tactical level. The 

Vietnamese rFieriervata is not distinctive from the Communists' point of view. Neither the Party organization 

Itself, the distinctive inner organizational practices it follows, the subsidiary organizations it has set up, nor 

the conceptual framework it has pursued in evolving its forces and contending with the constituted government 

of Vietnam for the political control of South Vietnam may be understood as unique in any sense. In prosecuting 

Its subversion of South Vietnam, the Deng Lao Dong has Introduced no combat technique, operational proce-

dures, or political concept which is not already known from previous Communist ventur.ts into the export of 

subversive Insurgency. An investigation of the open literature produced by Communists during the first six 

decades of our century will provide the investigator with the precedents and rationale for all of the activities 

promoted by the current insurgent organization. Vietnam, then, is not the occasion for the commencement of a 

new type of warfare; it is rather a classic synthesis of a system of organizational principles and operational 

procedures evolved prior to the 19130's. 

6. TEE INSURGENTS' CONCEPT OF OPERATIONS 

The building of this structure is a function of the reciprocal underpinning which the armed unit provides for 

the civil organization and which the latter associations, in turn, provide the former. Without the sting supplied 

by the rebel band at the outset of the process—to provoke cooperation in the village where the agitation and 

threats of the Party representative alone fail to convince—the building of mass organizations would, at the best, 

be inadequate. But at the same time, the strength and number of rebel bands will remain sharply curtailed 
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ganlEational effort among the civil population. ft Is In this context that one should uneerstand MAO Tia-tung's 

attertlat le 1121 that "the Chlacee fled Arrny t ar. armed body Gar carrying out the pettiest! take uf Qat reVe-

lution"1 or his declaration Of 1938 that 'I/entitiesi power grows out of the barrel of a_gun."t On neither °cession 

may his words be understood as the vocalization of a militaristic attitude, of a readinesp to surrender the fate 

of a cause to the successes Of brute force on the battlefield. Military Strength remains one of the instrumen-

talities available to the party through atich It seeks to achieve indeenedentle determined. Preconceived rale 

which may riot be confused with military ends. Mao follows up his above ataterneat of later 1938 by continuing, 

"Our prin.:101e is that the Party commands the gun, and the gun must never be allowed to oommand the Party. 

Yet, having guns, we can create Party organizations... we can create cadres, oreste schools, create culture, 

create mass movements. "1 . 

There is yet another point which deserves considerable attention In conjunction wits' the interrelated activ-

ities of the mall. orennizations and the military or paramilitary elements. It le precisely their concurrent 

efforts that convert the guerrilla war Into a protracted social or class revolution. The task of the armed units, 

the terrorist bands and the assassins, Is destructive with respect to (I) the nation'. administrative executive 

machinery; (2) PA class structure; and (3) the disposition of its wealth and political dynamics. These elements 

of subversion are charged with tearing down that which provided stability and generated support for the con-

stituted authorities of state. But the genius of insurgent etrategy will not permit It to stop at this point: If it 

did, then the combatting of insurgency would be a relatively simple task and the techniques we are employing 

In Vietnam would indeed be adequate to end the emergency. Concurrent with the destruction of what Is, the in-

nurgent provides the populace at large with the prototype of an alternate national administration which claims 

their loyalties and is specifieally charged with aggressively winning adherents and provoking open support, not 

simply relying upon voluntaristic acclamation. It le the combination of these efforts, at one and the same time 

constructive and destructive, carefully subatituting alternatives,. it destroys that which exists, which Bee at thc 

heart of protracted revolutionary warfare and bestows upon it its distinctive character. 

In implementing its controls over the population of a village, as an example, the Party will approach the 

peasantry through parallel avenues. On the positive side, it brig, to the people (1) an ideology, tactically 

adapted to determined local needs and interests; (2) locally feasible Acton programs which would channel the 

activity of the people along lines desired by the Insurgents and which can be justified—and this is a matter of 

importance-1n terms of the ideology; (3) organizational forms, likewise derived trom the ideology within which 

major categories of the local population can be integrated into corporate bodies under Party surveillance and 

I"On Correcting Mistaken Ideas In the Party," Seieceed Military Writings of Mao Tse-tung, Peking: For-
eign Languages Press, 1963, p. 52. This passage, perhaps one of the moat decisive In ail of Mao'. writings, 
continues: .....The Red Army should certainly not confine iteell to fighting; besides fighting to destroy the 
enemy's military strength, it should shoulder such important tasks as doing propaganda among the masses, 
organizing the matses, evening them, helping them to eaLeblish re- olutionary political power and setting up 
Party organizations. The Red Army fights not merely for the sake of fighting but in orderto conduct propaganda 
smongthe masses, organize them, arm them, and halo them to establish revolutionary political power. Vilthout  
these objectives, fighting loties Its meaning and the Red Army loses the reason for its existence." Manes added.) 

2"Problenus of War and Strategy," in Selected Military %erten ige_of Mao-Tse-tung, p. 272. 
31b1d., pp. 272-273. 
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oommitted to the achievement of the advertised action programs. Negatively, the Party introduces terror, 

compromise, and the threat of large-scale retribution In order to stop short the faint of heart who might other-
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viacial goverement. The regional forma of the insurgency become the principal Instrument for the execution of 

thlk PAO AT the altql effort. To the marline= widen! eueelble, these two elToria will be jointly undertaken. if 

its correct to assert that the Party does not rely upon spontaneous cooperation from a population whore Its 

armed strength can be oommitted, then It will likewise avoid exclusive dependence upon brute force eine°, 

through its "message," It provides those who capitulate under duress with a means of ).uitifying in their own 

minds their submission. &IP beyond this, within the mass organisation, there Is a distinct possibility that the 

movitment ma positively patents a vested interest in an insurgent victory among its captive supporters as they 

progressively compromise themselves by doing what they are told. 

•But U the orientation of the Insurgent military unit is first of all toward the civil copulation and the over-

ridtag criteria in oeternsishig priorities for military units are local mobilisation activities within the civil 

peculation, then it still remains a metier of the utmost importance to stress that the center of gravity in the 

insurgency as a whole lies with neither the military nor the civilian element, "but with the party command 

structure itself, which, in its corporate personality, is the physical embodiment of the ineurgency's Ickologioal 

justification for taking place. U military forces and civil organization are indispensable to protracted revolu-

tionary warfare, then they are not synonymous with "the insurgency" even whe., considered jointly as an inte-

grated entity, for an insurgent condition may be said to have existed in the country in question long before either 

of these latter bodies was activated, back at a time Mita only the cellular party structure alone could be orga-

nisationally identified in the body politic. And this highly disciplined association of men engaged in subversion 

"as a profession"—to borrow a phrase from Lenin—will retain Its strategically all-critical position during all 

of the later stages in the process. 
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ABSTRACT 

   

This paper illustrates the processes of systems analysis 
by defficribing th h design and results of a two-year 
investigation of requirements for surveillance systems for 
use in counterinsurgency operations in Thailand. The 
methodological difficulties which called for particular design 
consideration stem from the fact that requirements (in ths 
cost/effectiveness sense) call for estimates of value, and 
the conflict process involved forces a mingling of political 
and military kinds of value at nearly every stage of analysis. 
The project sought to care for this by focusing on a few 
insurgent activities In one region, southern Th...11and. 
emphasfzing qualitative rather than quantitative methods of 
analysis. 

Estimates of the values of various systems -- if they 
were :Deceive. their probable degrees of effectiveness with and 
without Rid), the extent to which eP.ch might be unique in 
performing its main surveillance function, and the dollar cost 
of each were considered in estimating the degree and kind of 
requirement for each system. The results of that analysis are 
summarised in this paper. It was not possible to conduct 
initially-planned comparative research in other conflict 
settings, 110 the results presented here apply only to present 
and near-future conflict settings in southern Thailand. 
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1. INTRODUCTION 

This is a report of some of the main problems encountered and results achieved during two 

years' work in Bangkok by about seven men from SRI. We were working on an ARPA project, 

tasked to bring analysis to bear on the determination of requirements for surveillance systems 

for use in counterinsurgency in Southeast Asia, and in Thai/and in particular. The 

requirements in question were to be operational ones, and not mere equipment specifications. 

The characteristic question was, "Of the systems which seem to be feasible, which would be 

sufficiently useful in practice to justify expenditure now?" --for procurement, development, 

or further analysis by someone. 
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It turned out that three interlocking kinds of systems (  had to be considered if that objective 

was to be honestly serviced. The three systems to be analysed were: lithe research process 

and the set of task interrelation* needed to pursue our particular objective; 2) a selected 

conflict process within which to judge the feasibility and signilicanc• of surveillaneei 

3) a set of surveillance system*, each consisting of some way of getting data (a sensor) and 

associated methods or equipment to help in discriminating between useful and useless data. 

This paper takes up those three kinds of system• serially. 

1. The Methodological Problem and Its Solution in This Case  

The first step in any systems study is to out the system boundaries- to estimate the 

site and disciplinary limits of the minimum field of investigation which can safely be treated 

in isolation. This always involves surgery, since no events are truly and completely isolated. 

If the d is left too large, it becomes that much mure difficult to determine the structure 

within it and the effects upon all other elements when one element is "Improved." If really 

significant elements are cut away (In the proc•ss of trimming the problem to • workable size), 

utterly false conclusions may be produced. 

We all know that military, political, and socio-economic problems are entwined within the 

study of problems of internal defense. It is only occasionally legitimate to separate those 

components. even for analytic purposes. There is no need to argue this beyond pointing out that 

internal defense might just as well be called violent politics, with murder as the tactical 

objective of many "political" rallies, and the changing of on-looker attitudes the real purpose of 

many a fir• fight. This leads to the almost trite conclusion that this kind of work calls for 

team study by a group commanding widely different skills. 

Having said it, the question is how to do it. Most who have tr:cci have failed, and even the 

relatively successful tries have all fallen short of their des..gners' hopes. 

The first demand upon our analytic design, therefore, was that it accommodate a full 

spectrum of disciplinary skills and that it provide natural pressures inducing such skills to 

,converge on the issues pertinent to surveillance. Such convergence cannot be ordered to occur, 

since research is a discovery process. 

Each of us may have his own working definition of what a system is. I hope that no one 
is offended by mine; a system is a complex whole that is organised around a purpose and is 
sufficiently self-contained so that it may be studied fruitfully as a separate entity. Systems 
analysis involves learning enough about the interior workings of a system so that favorable 
changes may be designated. 
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A second demand was born of the need for evaluation, essential in any systems analysis 

Intended to help authenticate requirements. That, in turn, implies finding some basis for 

asserting that one system is more "effective (1. e. , has more advantages in practice)" than 

another and/or "costs" less (has fewer disadvantages). In analysis of regular war operations 

It has often been possible to relate both effectiveness and cost to dollars. Where political and 

physical parameters are equally important in a process, however, it rarely is possible to 

measure either advantages or disadvantages in terms of any Common denominator. Except in 

those case, where analysis indicates that it is safe to treat these immiscible values separately, 

then. systems evaluations in the field of internal defense analysis, ordinarily will have to be 

qualitative rather than quantitative. The design of a research program in this field, therefore, 

must mike some specific provisions for facilitating such qualitative evaluations. 

Thirdly, operations analysis and systems analysis earned their wartime reputations and 

their role in OSO budgeting by being practically useful, but most of the analyses completed 

In the field of internal defense have been regarded as impractical by operators in the field. 

That is. results of analysis have too often been informational, without showing how such 

information might be put to work. And, in reading many reports. it is hard to believe that the 

authors themselves could have pointed to the action (even if that action were further analysis 

preparatory to an actual decison) which should have been induced by their results. A 

research design, therefore, should include structural characteristics designed to impose 

responsibility upon the analysts involved. 

We tried to accommodate these three demands in the following ways. The matrix layout of 

Fig. 1 shows the design concepts intended specifically to help induce disciplinary confluence. 

sound evaluazion. and responsibility; such primary reasons for each concept are indicated by 

cross-hatching. Each concept, however, had collateral advantages, as indicated in each case 

by a cross. 

:he idea of focusing the attention of each team member on the conflict in a single area did, 

indeed, have its hoped-for effect of causing the results, by analysts who sometimes did not 

really talk to each other, to be functionally related. As indicated by the crosses, this idea 

also made it easier to deduce values by founding each separate effort in the same general conflict 

setting with the same implicit definitions of victory and defeat. Finally on this point, our focus 

of attention on one area let us get personally acquainted with the officers and teen of the Thai 
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Border Patrol Police whose capabilities would (insofar as we might be successful) be enhanced 

through our efforts and whose corpses might mark our errors. 

As indicated. th• d•P- P•t•,” Pn P.Pn to 

help especially in the comprehension of the advantages or disadvantages consequent upon one or 

another modifteation of the conflict scene. Values then could be estimated in terms of the 

insurgent purposes interdicted through some particular enhancement of counterinsurgent 

surveillance capability. The effect upon practicality, however, was at least as great, and the 

chances of dieciplinary confluence also were enhanced by this kind of focus. As regards 

practicality, the po ion of a sensor able to tell if some sign of enemy activity were 

present would be trivial unless the surveillance system were to include means of estimating the 

meaning of the detected sign. It seemed imperative that we learn enough about particular 

insurgent activities so that we could decide on the significance of one or another manifestation 

of the activity in question. Before a hunter can judge the meaning of a tuft of fur caught in the 

brush, he must know the height. seasonal coloration, and habits of the animal for which he 

hunts; we had to learn corresponding things about insurgent operations, and it seemed clear that 

we would have a better chance to learn such details if we considered one operation at a time. 

The third main design concept, of working on a set of linked tasks which were to carry the 

study of each surveillance system all the way from initial concept through practicality analysis 

and testing, was intended chiefly to induce analytic responsibility. The idea was land we think 

that it worked as expected) that a formally designated set of reasons for performing each 

component analysis would help to prevent the kind of isolated, futureless results which have 

cut so deeply into the reputation of internal defense analysis. Also, we thought it less likely 

that one member of the team would be impractical in his recommendations if he realized that he 

or one of his teammates would be called on to implement such recommendations. "You think 

that these tests be undertaken? Okay, what test design did y2_311 have in mind?" 

The foregoing has listed the main design concepts used in putting together the work 

program for our project and the advantages anticipated from each. All of the expected 

advantages emerged. to some extent at least, but there were attendant disadvantage, to be 

considered by anyone who might want to adapt our design to his needs—and that includes SRI 

in its follow-on work. 

chosen were CT logistics. CT camp activities, and ambush. 
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First and most important, it is impossible to authenticate a requirement for any costly 

Innovation based on operational needs in just on area. This was anticipated in the program 

design by allocating a full third of the total effort to comparative research, intended to check on 

the general validity of locelly-based results. Second, and closely related, any surveillance 

system that works at all is likely to be useful for the detection of more than one insurgent 

operation, and again, the demonstration of utility in one application does not adequately reflect 

the value of the system in question. 

The latter disadvantage was relatively well-cared for by treating several different 

operations during the course of the research, but we never were able to find the time or make 

the arrangements for the comparative research needed (as in Vietnam for instance) to overcome 

the parochial effects of the regional focus. As a result, while we think that several of our 

results are generally applicable to regions of Southeast Asia other than south Thailand and have 

doubts about some others, we cannot present firm grounds for that belief since we have made no 

careful study of the environment and operational differences involved. 

In summary, then, as regards the research design itself, we feel that the design concepts 

employed proved themselves well enough in practice to justify their use singly and in concert in 

other projects of chits sort. In particular, the idea of assigning a "subject slice" to one group--

of having one study team responsible for all steps between concept and field application for 

particular systems—seems to have been highly advantageous and to have had no serious 

disadvantages. 

Z. The Conflict in South Thailand  

a. Regional Considerations  

It was decided after a few weeks' survey that our project should chose as its area focus 

the region just north of the Thal/Malaysian border, In which a small but excellent Communist, 

politico-military movement has entrenched itself and in which it seemed possibie that improved 

surveillance might make a significant difference in counterinsurgent capabilities. That region ----

 

is shown heavily shaded in Fig. 2. The lightly-shaded region running up to the Kra Isthmus also 

was studied, but far less intensively. 

The Malayan Communists (called "Communist Terrorists--CT--by the British) were 

defeated in all levels of conflict during the Malayan Emergency of 1948 to 1960. As early as 

1949, they seem to have perceived the probable future, at least one unit was ordered to leave 
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southern Malaya and go directly to Thailand. In 1953 their commander moved his headquarters 

into south Thailand, and it has remained there evet since. 

The strength of the CT is uncertain, but it seems generally agreed that eymething in 

eeeese of SAO trained graduates Of the Emergency (and that a training tr.at was!) were in 

Thailand just after that condition was declared ended in 1960. After a deliberate culling 

operation, in the course oi which the CT offered its more faint-hearted members the chance to 

get out with some severence pay and without reprisals, the 1962 strength probably was down to 

something like 300. filince that time of minimum strength. recruiting has been going on, 

certainly in the Chinese enclaves and probably in the Muslim ,areas around them; most estimates 

of CT strength now run between 400 and 800. 

The CT almost always go armed and are often found in uniform; they all are well-disciplined, 

and a high proportion appears to have had combat patrol experience. More than 260 of their 

jungle camps have been found in south Thailand. They have adhered to a strategy of ave:ding 

armed conflict with security forces or of using more than a minimum of violence in their 

dealing* with the local population. This seemingly "peaceful situation," as they call it in those 

of their internal papers which have been captured, has been maintained since their first 

organised appearance in Thailand. The emphasis during this time has been on the organisation 

ef support among the "masses, ' improvement of the internal coherence and politico-military 

quality of the CTO itself, and the development of a balanced and comfortably redundant 

system whereby village support can be transformed into effective logistic support for a 

guerrilla army in the forest. 

These particular Communists are thorough Maoists, as proved by bales of training texts 

and other documente captured over the last six years. They.apparently expect one day to 

have to turn to violence before attaining their objectives. The maintenance of a disciplined 

fighting force, therefore, is important to then,. They draw detailed comparisons between their 

history and that of the Chinese Communist revolution; their trek from southern Malaya into 

Thailand is their "Long March," for instance, and the present phase of passive renewal and 

consolidation is their "Yenan" parte& Their stated objective is to return to Malaya (having 

never really conceded that Malaysia exists) and conquer that eciuntry for Communism. It is 

quite possible, however, that the CTO may have better chances of success if it reverses its 

field and puts emphasis on operations against Thailand. In any case, it is in a geographical and 
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organisational posture such that It may do so. 

What then of the region where the CT live, and tht people there? 

Very briefly, the hills and forests look much like thou south of the border In Malaysia. 

Off-trait ninvereen. le difficult, hiding is eatr, the jungle ItSelf would not support a CT rainy. 

The local ecology is one In which food is imported, bought with the proceeds frorn cash crops 

and mining. [Lubber to the local king, and the pattern of cultivation is one in which the rubber 

groves lie adjacent to the jungle. The rubber tapper works by himself and often at night; he 

and the owner of the grove (who often is the tapper himself) obviously are vulnerable to pressure. 

Sinc• they also are the ones moat likely to have at least • small surplus or money on hand. 

It is no surprise that most CT fund.raising contacts seem to be made with such people. 

The CT, thus, parallel th• local ecology in their logistic pattern. drawing money from the 

rubber business and using it to buy supplies, many of which are imported from outside the region. 

There are three local 'ethnic groups whore character and distribution are important to the 

conflict. The first of these is the Chinese, distributed in several enclaves. The groups near 

Betting and Sadao now seem to provide most of the tangible support and probably most of the 

recruits for the CTO. These people have lived in the area for many decades, and we know of 

no reason for thinking they have any basic ideological affinity for Communism. They just adhere, 

as does each isolated group of Chinese, to the local Chinese clique which can run things. In 

mouth Thailand, that clique is the CT. 

The second is the Muilim/Malay community. These people are indigenous to the area; they 

are of Malay stock and culture and are almost uniformly followers of Islam. They form a local 

majority in each of the five southern provinces (four of winch are adjacent to the border), and 

most of them surely do not feel any sense of primt:ry identity with the Thai State. Neither, it 

seems clear, do they feel any affinity wan Communism. b4t there are lines of affection leading 

toward Indonesia: the concurrence of objectives between the CT and the ' Crush Malaysia' 

movement (in which Indonesian Communie.• seem to have had such an important part) may have 

opened bases for association between the CT and some of the more restless members of the 

Muslim community. More recent events in Indonesia have, we hope. had the opposite effect. 

The third group, of course, consists of those who are ethnically Thai. most of them 

Buddhist. There are relatively few villagers of this type in the area, but among the ranks of 

thc security forces and government officials of all sorts, the Thai form the elite. Only a few of 
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the BPP, for instance, can speak or write Malay or Chinese, although one or the other of those 

languages is native to almost all people with whom they come in contact during their patrols. 

To complete this hurried account of the overall conflict pattern in south Thailand, some 

comparison* sre iw 4, Her, 

1) The mountain area in which CT camps have bean discovered is about the sire of 

the Sierra Maestre of Cuba; maneuver room is important to a guerrilla force. and that much 

room proved sufficient in at least one case. 

2) As regards number of forces, Mr. Baxter of our research group commanded a 

force of about 350 guerrillas on Mindanao during WWII. again in an area about as large as that 

of the south Thai mountains. With those men, be was able to control effectively most of the 

out-of-town regions against a force of about 1,000 good Japanese regula;s. The CT almost 

certainly have more than 350 trained members and more likely twice that many; there are 

evidently enough of them to constitute a dangerous force. 

3) Furthermore. they have been in place long enough and were well enough trained 

by thwir prior experience so that we must expect them to have a soundly-developed support bast-

 

Finally. 

.4) they are aptly located so as to threaten either Thailand or Malaysia, two of the 

very few firmly anti-Communist countries in Southeast Asia. It is doubtful, as far as is 

Indicated by our work so far, that the CT could seriously Jeopardise the government in either 

of those countries unless something else were to weaken them first, but the CT could be very 

damaging ii either Malaysia or Thailand were to be seriously engaged in other internal defense 

operations. Our study included investigation of cases whtin one or the other were so engaged, 

and the CT elected to turn to guerrilla war. 

The woe,  of our research team focused on two insurgent operations Wlthir. this conflict 

field, namely the logistic and camping activities of the CT. These are being reported in detail 

and must be briefly treated hem In each case. however, I want to try to ley out for you the 

basic pattern of activity, the importance of interrupting that pattern to the:V,. and some 

of the opportunities for surveillance presented. 

b. CT Logistics  

The two key items here are: 1) the interface between the uniformed CT in their jungle 

camps and the population on whom they depend for supplies and whose attitudes ani loyalties form 
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the main C C targets at present, and 2) the management and transport systems within the forest. 

The interface problem is beine solved by she CT st t.tt: the et 

leya (until extreme pressure had been brought to bear). Small cells live along the edge of 

the jungle And maintain contact with trusted individuals in the villages and rubber groves. The 

members of the cell (called an AWC—Armod Work Cell) can apply some pressure themselves, 

and if more "muscle" is needed, they can call on a heavily-armed group named the Mobile 

Unit, at least one of which is available in each of the three "regimental" areas into which the 

CT have divided the border region. Service is as important as force, however, and the AWC 

dispenses medicine and engages in a variety of "civic action" projects. 

Orders for supplies are aseigried to different AWC• by those higher in the CTO in a 

',manner such as to randomize procurement insofar as possible. Ito AWC further assigns the 

procurement and either gives or promises the necessary funds to its trustud village agents (called 

Masses Executives), who then go and buy the supplies or have them bought. No one outside of the 

forest knows enough about the transaction to betray anything very important. and even the 

destruction of an AWC leaves many others like it to serve the procurement function. 

Once procured and delivered to a temporary cache near the edge of the forest, the supplies 

are picked up by regular members of the CTO and portered either to more permanent caches or 

directly to consumers in the camps. Even within the forest, however, cellular subdivisions 

arc used to insure against betrayal. 

Communications seem still to bc accomplished almost entirely by courier, so that 

corrective messages travel almost k s slowly as the supplies themselves. The courier system is 

protected by cellular divisions, with redundancy to help minimize the chances of disruption. 

Under the present level of stress, this system functions excellently, but its present strengths 

might turn to weakness at higher levels of pressure. As addressees are forced to move, supply 

shipments have to be redirected. and If such moves are frequent it is easy fur confusion to grow. 

Correspondingly. the emphasis on secrecy and the limitation on knowledge allowed to any one 

person makes it relatively difficult to reestablish broken lines 01 association between the AWCs 

and the village supporters and to find caches after the few who knew their location have been 

forced to leave the area. 

Pressure on the logistic system, therefore, (and the surveillance systems to aid in bringing 

such pressure to bear) are of little use unless pushed to levels where disruption starts to set 
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in. Alter that point, however. it can be vital. contributing to the sort of overall system collapse 

experienced by the CTO during the last years of the Emergency. The threshold beyond which 

ZaLu• sa:vo. ,,,. i.. . not klIVW11 anti .ureiy depends on inc way in wnicn pressure is 

brought to bear. 

An exhaistive study was made of the kinds of materiel used by the CT and the criticality of 

each item, the kinds of people used to help buy and transport the different items, sources of 

funds, kinds of transportation used, and the type and characteristic locations of caches. The 

study of logistics has proved to be an excellent way of getting an understanding of how the CT 

live and how the logistic activities which are detected may be used to infer strategic intent. 

The most important finding as regards logistics surveillance is, however, that no 

breakthrough is to be expected in the detection of the basic logistic promisee of procurement, 

transportation, and storage of CT materiel. The insurgent system is well designed to minimise 

vulnerability to detection, and is masked by the flow of non-CT commodities to such an extent as 

to make it unlikely that any new sensor or data-handling trick will make a big difference. 

Reliance still will have to be placed on sound intelligence and police work within a balanced. 

many-sided attack. Analysis must make its cont ribution by helping to make small improvements 

in existing processes. 

At least until effective civic regulations have been applied so as to make CT commodity 

movements more easily discriminated from innocent ones, nearly all of the opportunities to make 

such improvements seem to lie within the forest. Some of the more notable opportunities are 

shown in Fig. 7. The most promising item probably is the use of seismic detectors to monitor 

traffic along selected jungle trails3, both to help predict the places and times for ambushing 

porters (and other CT) and fur inferring the general locations in which strategic cachus might be 

located. Such monitoring would.over time, permit formation of a more accurate picture of the 

whole CT pattern of life. It also would generate data on innocent living patterns for those who 

plan civic action proj•cte. 

The study of logistics led to the study of the eunsumption pattern centering on the CT jungle 

camps. It soon became apparent thca camps were worth finding for reasons other than the 

interdiction of logistic operationtand a separate study was begun of that topic. 

Study and the construction of an experimental prototype ha‘e indicated that it is possible to 
develop a modular, wireless seismic system which can perfor,n this monitoring function and 
serve as well as an improved aid to offensive ambush operations. 
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c. CT Campine Activities 

This study car' b summarieed under the following heads: the character of CT camps 

found so far, the kind of camp system which may exist now, the value of detecting comps, and 

tb• main Wa.eille which camp datactIon might be improv•d. 

First, some 260 camps of various sizes have been found since the beginning of 1960. As of 

the time when we last worked over the statistics. data were available on 191 of thermindicating 

their map coordinates, estimated capacity in number of CT, date of discovery, and estimated 

period of occupancy. Those 191 camps ars shown mapped in Fig. 3,wIth the crosses showing 

camps of estimated capacity greater than 24 CT. and the dots corresponding to capacities less 

than 25.Figure 4 shows the apparent shift toward short-term occupancy in recent years, a 

phenomenon which seems to indicate a basic shift in purpose of the CTO from r•st and 

recuperation after It. Malayan defeat to active subversion of local villagers. A number of 

particular camps have been visited by member. of our group soon after their discovery by the 

BPP. but there is not time to say much about them here. 

As regards the system as It may exist now, we think that the hypothetica! laycnt shown 

in Fig. 5 gives about the right number of camps and has them distributed in a reasonable way. 

Indeed. a few of the syinbols on this chart have been displaced slightly so as to avoid coming too 

close to some actually-suspected points. On this map. we have shown one camp for overall 

command, three for regimental command, two district command posts per regimental command, 

two training camps, and about 60 smaller camps to accommodate the AWCs and the command 

echelon Just above them (the Armed Work Force). This then, or something like It, is the 

target system for surveillance systems intended to help find CT camps. 

It would be desirable for many reasons to be able to find these camps. especially under 

conditions of surprise. Most of the documents captured from the CT (a: d on which so much of 

the current picture of the CTO is based) have been found in camps which were hurriedly 

evacuated. Additiana: knowledge of CTs has been gained by inspection of the living patterns 

evidenced in these camps. Relatively few have been found except by patrols which almost 

stumble onto them, however, and under such conditions, very few CT have been killed or captured. 

Furthermore, except. perhaps, for one period in 1961 (when 84 camps were found in one year), 

the rate of discovery and the intensity of associated pressure has not reached the point where 

the CT system of logistics or command-control was sev•rel; strained. 
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F. 4 LENGTH or OCCUPANCY OF 191 CT CAMPS DISCOVERED IN SOUTH THAILAND 
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' 

If the discovery rate and the conditional probability of surprise can be significantly raised. 4 

however, camp discovery could hav• two very important advantages. First. such discovery 

might drive the CT into abandoning their uniformed, organised army. which (we have argued 

in the published Material, from this project) would out ly ince ehe•CT imnrein south 

Thailand and Into the insurgent potential of the movement. Second, combined with other 

suitable forms of attack, it would contribute to the collapse of the logistic and command-control 

systems, and inducing such collapse probably is the only way in which to defeat the CT without 

going through the desperate business of killing most of them. 

There are five kinds of detection to be considered in connection with camp surveillance, 

namely the establishment of general location, of pinpointed location (essential to surpries and 

pre-planned ambushing), determination of camp size, and the post-discovery surveillance 

activities, search for caches, and the "bugging" of camps which may be reoccupied by CT. 

Fig. 6 outlines possible methods of accomplishing each of these, tilong with other surveillance 

functions pertinent to the conflict in south Thailand. 

Which brings us to the consideration of the third kind of system which was investigated under 

this project, namely particular surveillance systems that we have tested against the criteria 

(notably. value if successful, feasibility number of substitutes, and vulnerability to counter-

measures) usually used in judging whether a system is worth buying and/or studying further. 

3. lie i_q_i. ••ernents 

Surveillance systems employing magnetomctric. IR. and seismic sensors were etudied in 

detail during the 18 inonths or so of effective work Spent in the field. The entre to each of these 

was different, but for each we were able to reach supported5  opinions as to whether or not 

particular systems are sufficiently promising to merit expenditure now for procurement of 

existing equipment, development or tests of particular variants of existing gear. and/or analysis. 

A detection rate of 100 per year now would, we think, begin to strain the CTO. 

s We certainly do not claim that any of these amnions of requirement have been "proven." 
We would argue that numerical proof of any of them is intrinsically impossible, and that our 
conclusions have the kind of logical and qualitative basis which we can defend before those who 
have the power and duty of dcciiion. 
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Th• same kind of estimates were made for other systems which were studied by u• in a 

much more cursory way; in each of theise, the operational and technical data at hand were so 

"—"--' ww,.: 4 w••• impo•sinie 10 

support a requirement for anything very expensive In I cases, however, the operational 

need and scarcity of alternatives seem to demand development work and further analyst's by 

someone. 

A number of systems for which requirements of some kind exist were left unstudied 'oecause 

of shortage of time. Among them are night vision devices and air pollution surveillance systems. 

In addition, it was possible to reach conclusions concerning two kinds of supplements to 

surv•illancei syst•ma which, while not systems in themselves, are nearly essential to effective 

surveillance in south Thailand. One of these is the photomosalc and the other the class of civic 

regulations used to moderate th• socio-economic background against which many CT activities 

will have to be perceived and discriminated. 

It would be unsatisfying however, to leave the problem after considering only isolated 

surveillance systems. Each system could accomplish at best a part of the overail surveillance 

job against the CT and a set of systems will be needed. Some surveillance systems have many 

competitors, while others •re unique in their :unction, and the value of achieving one kind of 

surveillance may be far greater than is the case with other kinds. These aspects of matter are 

reflected In Fig. 6, where an array of desirable surveillance functions are shown together with 

ways of accomplishing them. 

Figure 6 deserves more explanation than we will have time to give to it. 

First, there is the matter of relative value of surveillance functions. The ranking of 

Importance of surveillance functions is highly subjective, but it has been possible to find some 

consensus among people familiar with the southern Thai conflict situation. The functions shown 

in Fig. 6 are ranked, as beet we can, in terms of decreasing value, moving from left to right. 

The double vertical line divides those of particular value from those that seem to be of secondary 

importance. at least for the present and near future. Some example of our reasoning must 

suffice. The determination of the exact location of CT camps is vital since on it depends the 

chance of effective surprise attack, with the attendant advantages of Increasing casualties and 

disruption among the CT as well as increasing the Intelligence "take" from the camp and the 

trove of captured materiel. Xnowledgeable members of the anti-CT forces of the Malayan 
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Emergency period have stated that p ion of a capability for determination of camp location 

to about SO meters accuracy. such as that prnved for the IR scanners (during the November 1965 

test.) might well have shortened the Emergency by as much as six years. 

- As other eicartrieS; surveillance hi support of small•unit ambushes may be vital in any 

period of heightened activity in south Thailand, and it is listed accordingly. Detection of CT 

ambuah, however. is leas doubtful, since security forces may be expected to suffer heavy 

casualties and loss of weapons to such ambushes following any decision by the CT to abandon 

their present "seemingly peaceful" strategy in favor of active attack or defense. 

Finally, action agencies in the field, both U.S. and Thai, have emphasised their preeent 

lack of any meaner)l finding attitudinal targets for such counterinsurgent operations as peywar 

and civic action, especially where there are cultural and linguistic bars to communications. 

This item was judged woithy of first mention to us by spokesmen for the Royal Thal Army, the 

Thai Supreme Command, and the U.S. Special Forces at Okinawa. 

Of the various surveillance systems which might help to accomplish the functions indicated, 

some clearly are applicable and are reasonably reliable in such cases, the word. Yes, or the 

letter. Y. is entered. In other cases, the surveillance system is known to work, but 

opportunities for observation or discrimination are doubtful; in such instances, we have entered 

the word, Sometimes, or the letter. S. In still other cases (In general. those where initial 

indications are favorable and further R&D are needed), the usefulness of the system for the 

function in question is doubtful; for these cases, we have entered the word, Maybe, or the 

Letter. M. 

Surveillance entries for the more valuable functions are especially sparse. Only one 

surveillance system now offers to pinpoint the locations of CT camps with even reasonable 

frequency (the IR scanner) and only one follow-on system (the microwave scanner) appears to 

offer a promising substitute for the IR if it were to be defeated by countermeasures or 

continuing problems of discrimination between friend and foe. Corespondingly. only the wireless 

seismic monitor system (with Possible back-up from later kinds of magnetometers) seems likely 

to "hack" the job of road and trail monitoring. A sonic telescope m_tx.  help a skilled woodsman 
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In detecting small-unit ambushes in the forest, but the chance is slim 5. Existing seismic 

detection equipment can and Is being used to help out in offensive ambush situations, but its 

dependence on wires precludes its use in many especially promising, operational situations: a 

wireless version to meet Mit tit/10)111cl,  / feasible. Finally. titre arc sonic promISing 

of field measurement of attitudes of approval and disapproval using nonverbal responses 

as indicators, but we wore unable to find any other means by which surveillance could aid in 

the task of selecting and assessing civic action projects. 

Related questions of technical feasibility and ",eignalinoise" relationships are treated in 

our detailed reports. Here, it must suffice to record our main conclusions as to the priority 

requirements for procurement or RLID of particular surveillance systems for use in the near 

future in south Thailand. Estimated requirements (ranging from essentially none, shown by 

a dash, and very )ip, shown by three crosses) are shown in rig. 7 for each of the 

surveillance systems studied under this project. The first-priority list is shown in Fig. 8. 

   

s Since this research was completed, the testing of instruments which sense human presence 
by detecting atmospheric pollutants has indicated the feasibility in many operating conditions 
cf an ambush detec,ion system using such a sensor. 
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Surveillance System 

Q 
e • .1; 
31 : g el 
C C . • • e :3 a e • 1:1 p 

1 
p ii o 

.3 • 
7. 11 ii ik b 

A ent Parameters Requrement for: 

Magnetometer 
. Varian Rubidium Vapor x it it xx x 
. Other . x - x xx it 

Seismic Detectors 
• TI/Elliott x it it it 
• Wireless . Ambush xx x XX XX X 

Wireless - Monitor xx x xxx xx x 
• Fixed-I:tame Defense " x x ..0 N XX 

IR Scanners xxx xx xx xxx xx 
Photo Reconnaissance 

. Direct Photo xxx it xx xx 

. CT Cultivation xx x x it x 
Sonic Tele•coris. Scouting xx - x xx x 
Water Pollution xx x x x 
Anti-Ambush Radar xx x x x 
Microwave Scanners 31LXX XX XX XX 
Nonverbal Attitude 

Measures xx XX 30t.X X 
Photomosaice xxx xxx • xx xx 
Civic Regulations xxx x xx xxx xxx 

FIG. 7 SURVEILLANCE REQUIREMENTS. FOR USE IN SOUTH THAILAND 
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;R&D) . 

' 

Trail ead..Road Monitoring • 

p.“ustigtSISsAm 
1. IR scannipr 

(Min. procurement for tactical use) 

(Analysis of discrimination problem) 

(Regular production of mosaics) 

2. Microwave Scanner, follow-on to IR 

.1. Wireless Seismic Systems, long-duration 

(Develop and test) 

Layinf Ambushes 

1. TI or Elliot (procure minimum quantities, and test) 

Z. Wireless Seismic System, short-duration 

(Develop and test) . 

Defend Against Ambush 

I. Woodsmanskip Extension with Sonic Telescope 

(Procure and field test with woodsmen) 

Rapid Detection of Villager Attitudes  
10 

1. Nonverbal Attitude Meow:rev 

(Experiment with pupil dilation) 

FIG. 8 FIRST-PRIORITY SURVEILLANCE REQUIFEMENTS, SOUTH THAILAND 
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The RAND Corporation 
Santa Monica, California 

ABSTRACT 
(Unclessified) 

This paper describes major procedures and some 
findings of an ongoing study of Viet Cong Motivation 
and Morale being conducted by The LAND Corporation 
in Vietnam, chiefly on the basis of extended inter-

 

rogations of personnel formerly in the Viet Gong, or 
under its control, or in the North Vietnamese Army. 
Commencing in June 1964, Phalle I of the study dealt 
with subjects with experience prior to the major 
escalations of 1965. Pb... II of the study, com-

 

mencing in January 1965, emphesixem the effects of 
weapons systems on motivation and morale, and probes 
for motivctionsl vulnerabilities. 
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In the spring of 1964, 
(b)(6) asked The RAND Corporation to undertake a study of the 

Viet Cong--who is he, why does he join, how d, and what is his 
(b)(6) 

of The RAND staff were 

able to make arrangements with the Government of Vietnam (GVN) for RAND personrel 

to interrogate persons formerly in the Viet Cong, or under its control, under con-

ditions permitting fruitful and objectivo work. 

(b)(6) 

morals? In May, (b)(6) and 

During the summer of 1964, two RAND consultants, (D)(6) 

(b)(6) 

    

(b)(6) 

 

assembled 

 

anc 

  

    

       

        

a staff of Vietnamese interviewers, drew up an appropriate questionnaire, made 

detailed arrangements with GVN agnncies for access to subjects, and began trial 

interviewing and revision of the questionnaire. 

Al initially drafted, the questionneire included nearly 500 questions since 

we intended to do far more than simply to ask our respondents what their morale 

via; what they thought the morale of their units or their superiors wee; and what 

their motivations were to join the Front, to stay in it, or to leave it. We 

asked all these questions, but also probed deeply into the context of environment 

and action within whith morale played its role, and motivations could be seen in 
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action. The questionnaire explored the subject's family status and history, 

education, religion, eccmosic status and function, political role and attitudes, 

main characteristics of his village (defense and security, economics, educational 

and medical facilities, organisations), circumstance' of joining the insurgents, 

use of information media,' participation in self-Criticism sessions, political 

perceptions and attitudes toward the GVN, the Liberation Front, the French, the 

Americans, the North Vietnamese, etc.; the subject's combat experience; his life 

in the VC (including food, rest, health, relationships with women, awards and 

citetions, letters, leave). The questionnaire also explored the subject's manner 

of leaving the Front, whether by capture, desertion or rally; and, finally, his 

evaluations and comparisons of the Front and the GVN. 

The first interview is dated in September 1964; during the six months ending 

December 1964, 147 interview" were produced. These 147 interviewees fell into the 

following categorical 

Prisoners 65% 
Southern 367. 
Regroupees 297. 

Defectors 21% 
Suspects 11% 
Infiltrators 3% 

About ons-third of the sample were Party members; somewhat more were cadres 

(i.e., assistant squad leader or higher in military formations; equivalent civil-

ian ranks). 

This group of subjects, with its strong representation of prisoners, Party 

members, cadres and regroupees, provided us with important clues to the motivation 

of relatively hard-core VC to join and stay in the movement in the period prior to 

VC efforts to increase their forces drastically, prior to substantial involvement 

of regular PAVN formations, prior to the commitment of U.S. combat troops, and 

prior to the bombing of North Vietnam. The older revolutionaries saw the struggle 

as a continuation of the war for independence from the French, and the regroupees, 

in particular, combined such nationalist motivations with resentment toward the 

GYM for its failure to permit reunification of the country and thus allow them to 

return home to their families. The younger interviewees joined for • mixture of 

motives, including protest spinet aocial injustice at the village level, lack of 

educational and career opportunity under the GVN, antipathy to the GVN draft, 

adventurousness, desire to escape from unpleasant personal circumstances, admira-

tion for older Viet Minh members of the family, all intermixed with a desire to 

"chase out the American imperialists and their lackeys," and thus to liberate and 

reunify the country. 

This early group also pointed clearly to the effectiveness of VC political 

control mechanisms, ouch as the three-man call, the frequent criticism or 
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Kiem Thao sessions, the watchfulness of the Party, and the'intimate and sustained 

control exercised by eh.. (Isidro*. Mrny nf t-kaiss, r.nner4rowl phat- thoIr 

immediate material life was miserable, but responded to the call of idealism aa 

well as the hope of personal advancement. They expected a long war that might 

not be ended by a VC victory, but by exhaustion of the enemy. 

These positive motivations were unfortunately reinforced by VC propaganda 

that the GVN would certainly beat, torture and eventually kill any ralliers or 

prisoners after all useful information had been extracted from them. The all too 

frequent cases in which the GVN did treat its suspects or prisoners severely gave 

some grounds for these charges. 

Nevertheless, defections did take place, and our subjects attributed them to 

their inability to stand hardships or prolonged separation from home or family. 

While defectors sometimes attributed their defection to dissatisfaction with their 

personal roles in the movement, they did not usually disavow VC political aims. 

The second generation of VC, interestingly enough, did not show any deep compre-

hension of Communist doctrine; they envisaged VC goals as "peace, independence, 

democracy and neutralism"; socialism was vaguely held to be a good thing, but not 

clearly related to Communism. The early group characteristically underplayed 

Hanoi's role in the movement, tending to regard the struggle as by and for 

Southerners. ?limy were unaware of the role played by the outside Communist 

powers; they were seldom aware of the Sino-Soviet split, or of the extent of 

Chinese aid.1 

In December 1964, the project passed into a second phase es(b)(6)  

and a team of four or five RAND personnel replaced (b)(6) •  mm in 

Saigon. Phase II called for more emphasis an the impact of military operations 

and weapons on the Viet Cong and the civilian population, with increased attention 

to VC vulnerabilities, both to conventional weapons systems and to psychologicgl 

warfare. We continued to rely on the extended interview as our major data source. 

We shortened and sharpened our questions on the subject's judgments of attitude 

and affect, and added questions of an operational nature, of interest to our 

sponsors and to field agencies. This shift was compatible with the project's 

underlying method: to test subjective judgments against operational evidence 

emerging from largely unstructured accounts of personal experience. 

We not only revised our general questionnaire, but prepared several special-

ized questionnaires, while maintaining flexibility to add new topics as the 

(bX6) I
These findings are reported in 

)100.va_tion and Morale: A prelimina Y litP4t Lui t  wx1L-ImunLIAll, n? 
March, 1965. 

Viet Ccna 
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developing situation required. The general questionnaire provided an opportunity 

to explore the subject's observations and experiences prior to joining the VC. 

the manner of Joining:  life in tha vr (.4th !Id!  

operations, air operations, and defoliation and crop destruction); and the cir-

cumstances of capture, desertion or rally. Reemples of tortes added in view of 

the developing situation were bombing of the North, increnand U.S. participation 

in in-country air operations, and the increased U.S. combat presence. The 

special questionnaires dealt with the situation in Dinh Tuong Province (where we 

were especially interested in date useful in improving psychological warfare), 

with refugees, and with herbicide operations. The Dinh Tuong schedule provided 

additional probes into the communications environment; the authority structure in 

VC areas, formations, or in contested areas; the coaposition of VC lasdarehip; 

attitude* toward civilian and military cadres; career opportunities, fulfillment, 

and frustration; attitudes of villagers toward military formations and activities; 

battle experiences; differences in weaponry between the VC and ARVN formations: 

observations of morale; responses to VC control and morale-building techniques; 

family contacts and conditions; expectations of victory; and exploration of the 

conditions and act of rallying. 

Our current practice is essentially the same. Interviews are administered 

chiefly by Vietnamese personnel; occasionally, the RAND supervisor conducts the 

interview, using the Vietnamese as an interpreter and recorder. Choice end 

phrasing of questions are left up to the interviewer in the interview situation. 

Occasionally the entire questionnaire is administered, but more often the inter-

viewer asks only those questions that seem appropriate to the interviewee's 

experience. If the interviewee proves to be an unusually good source of informa-

tion on an important topic, the interviewer may explore this in detail, at the 

expense of other parts of the questionnaire. In most cases, the interviewer 

covers a large part of the questionnaire. Interviewers give a brief assessment 

of the interview situation, reporting anything that might affect it seriously, 

and commenting on the veracity, the responsiveness, and the bona fides  of the 

interviewee. The interviews ars written up in Vietnamese either from handwritten 

notes or from tapes, and then translated into English (sometimes via French). 

After preliminary revimw by a RAND supervisor, they ire revised. The final texts 

reproduce the questions actually asked, and either s verbatim report or a near 

verbatim summary of the respondent's answers. 

Most of the subjects have been quite candid and willing to talk, and even 

willing to express opinions or attitudes, or to report occurrences that would be 

displeasing to the interviewer. A few herd-come VC took the interview as an 

opportunity to propagandise the interviewer. Others expressed firm faith in the 

Front, its aims and its practices, while asserting a robust confidence that the 
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VC would win, despite an admitted superiority in men and weapons on the U.S./ON 

aide. 

Time spent on each interview varied markedly. A few interview, had to be 

terminated in an hour or so, because of tight transportation schedules; some 

valuable material has thus been lost. Others were short simply because the in-

formant had little to contribute, or because adequate translation facilities *ors 

lacking (for some Montagnard subjects). Most interviews take several hours to 

complete. Others last through several daye. Since the chance for call-backs is 

rarely good in the field, we have had to be content with what we could get at the 

first interview. In Saigon, the opportunity to call back is better, but the 

number of interviews made there la necessarily limited. 

Our sample has provided a rich store of data, much of it unique, but posing 

difficult questions of validation and generalisation. A rigorously representa-

tive sample is en impossibility today; Vietnam does not have comprehensive or 

reliable enough census information to permit the creation of a model to which a 

sample should conform, and even if the model were feasible, the opportunity to 

select the sample, given the conditions under which Vietnamese prisoners of war, 

refugees, ralliers, or villagers are held or housed, is absent. 

Our intention has been to create a data base that includes substantial rep-

resentation of all major segments of the social and functional groups in which we 

era interested, with appropriate geographical distribution of places of origin 

and of experience in the VC. For the VC, our subjects include both military and 

civilian personnel; rank and file and cadres; Party members and non-Party members; 

personnel from hamlet and village guerrillaa, Local Forces and Main Forces; re-

groups**, infiltrators, and Southerners who did not regroup; members of the PAVN 

serving both as members of FAVN units, or se cadres or support pureonnel for VC 

formations. We have geographical representation from the various operational 

regions into which Vietnam is divided, i.e., the forcer Annamite provinces in the 

North, the Central highlands, the Central lowlands, the Jungles of Zone c and 

Zone D, and the delta regions from Saigon to the Southwest. 

We have adequate revesentation from all four Corps Tactical Zones. We have 

some representation of the major Montagnard tribes, along with representatives of 

religious sects. Our respondents range in economic status from very poor farmers 

to rich farmer* or their military equivalents, wit :t emphasis on the lower end of 

the spectrum. In terms of social status, we have strong representation of the 

poorly educated and lower occupatimial ranks. We do have a few district or pro-

vincial civilian cadros, with more village and hamlet cadres although most of our 

civilians era rank and file. In the military hierarchy, our highest rank is 

Arai= captain, with a sprinkling of lieutenants, aspirants, and senior ser-

geants—all considerable ranks in the Front, where a squad leader is a respected 
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cadre in the eyes of the rank and file. Again, most of our respondents are lower 

cadres or rank and file. 
In raw results, the project has produced, up to 1 June 1966, nearly 800 

finished interviews as follows: 

147 2 series (Phase I, prior to 1 January 1965) 
400+ AG series (Phase II, general, after 1 January 1965) 
60+ AG. series (Phase II, refugees, May, 1965) 
120+ DT series (Phase II, Dinh Tuong ralliers and prisoners, 

May, 1965) 
30+ H series (Phase II, herbicide effects, February, 1966) 

Project leaders periodically provide short, comprehensive briefings to top 

officials in Washington and the field. 2 These presentations cover not only as-

mosements of continuing trends, but also clues and implications emerging from the 

more recent data that are of special interest, and that may prove on more inten-

sive analysis and after further date collection to form important elements of the 

'sent of vulnerabilitiee and estimates of the situation. Characteristically, 

they cover effects of GVN/U.S. military operations (air power, artillery, ground 

forces', defoliation, impact on Viet Cons operations, reactions of the population); 

Viet Cong vulnerabilities (failure to make major gains, plus declining faith in 

VC victory; effects of increased U.S. participation in military operations); pro-
blems of VC rocrviting and force composition; problems of performance and morale 

among lower ranking VC cadres; problems arising from continuing VC defection and 
desertion; bombing of North Vietnam; the Worth Vietnamese soldier; VC problems of 

controlling population and resources; VC and North Vietnamese weapons; expecta-
tions about duration anti outcome of the war; and suggestions for U.S./GVN actions. 

Sass of our more interesting interim results deal with refugees, with 8-52 
attacks, with cadre relations in Dinh Tuong Province, and with crop destruction 
and defoliation. As for the latter, we have found not only the expectable ex-
presaions of resentment of the damage inflicted, but also a somewhat surprising 
willingness to put part of the blame on the VC for having provoked such measures. 
More to the point haa been the uncovering of an extended, systematic VC propaganda 
campaign on the subject that opens up aces interesting possibilities both for 
U.S./GVN operations and for psychological warfare, because of the systematic VC 
falsifications of the deadliness of the threat. These falsifications, when ex-
posed, reduce credibility in VC statements, and the widespread fears lead to odd 
and clumsy countermeasures that could hamper VC operations seriously. 

Our subjects indicated that 8-52 bombing faced the cadres with new and dif-
ficult problems--how to maintain morale And operational cohesiveness in the face 

2The most recent example is  (W(6)   Some 
Findinas of the Viet GtvglIativm ion end Morale Study: hilt-December 1965 (u), 
Confidential, NM-4911-Iti/ARPA, February, 1966. 
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of devastating attacks appearing without warning, and often in places the VC had 

long regarded as safe from enemy attacks. 

As for refugees, our materials indicate, latir alit,  • very serious impact on 

the VC supply system of the loss of nearly 900,000 persons to GVN control. VC 

cadres are troubled about the implications for intelligence and the loss of con-

trol over such persons; they are equally troubled over their inability to protect 

the refugees while still in VC territory, and their inability to keep them from 

leaving when they find conditions intolerable. 

The Dinh Tuong itterviews proved to be especially valuable in casting light 

on the position of the VC cadres. They showed the existence of cliques and fa-

voritism among them and revealed strains and stresses imposed on the cadre struc-

ture by a VC program for combing out unnecessary administrative cadres and 

reassigning them to military duties. They pointed to further strains imposed on 

lower cadres caught between upper cadres, the villagers, and the rank and file. 

A series of more extensive analytical works is in progress. One of the first 

of these to appear is an extensive analysis of the Chisu Hoi (i.e., defector) 

program, published in May 1966.3 because of the reltevance of the act of desertion 

or defection to questions of motivation and morals, some findings from our Chisu 

HIA study may be of interest. 

Despite uncertain GVN leadership and frequent adwinistratiun changes, and 

notwithstanding the physical dangers of defection and the threat of VC reprisals 

against the families of defectors, the flow of VC ralliers, though small and 

fluctuating, has never stopped. Rallying has increased during recent monthc; 

reaching 2082 in February, 1966. The chief factors favoring rallying, in our 

opinion, are: 

Military effectiveness of the GVN. 

Growing hardships of life in the VC. 

War wearineso and disappointment in VC policies, promises and actions. 

Increasingly ruthless VC recruiting methods. 

More favorable perception of the Chieu Hot program, of the GVN and its 
promises in general. 

Forty-nine percent of the ralliers come from the Delta. &Allier' come from 

all major components of the VC, and from North Vietnamese units, too, They in-

clude military and civilian cadres, Party members, and regrouped, many with long-

term service in the VC. The proportion of military ralliers is increasing. 

In the opinion of our subjects, the main reasons for rallying were these: 

physical hardship', economic needs of the family back home, escape' from criticism 

(b)(6) Lanlyitior: end It The 
AM-4 3 -ISA. ARPA, May 1966. 
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cc punis6smni., isar of 'leach in battle, and homesickness. Less irequento men-

tioned were a desire to escape from enforced service in the Front or to escape 

froa U.S./CAI Air Attacks. Other. mentioned loss of faith In VC victory, resent-

ment because a relative had been killed by the VC, or revulsion against VC ter-

rorism. Other motives cited were grievances, denials of home leave, quarrels with 

superiors, objections to puritanical controls over personal behavior, restrictions 

on personal freedom, or failure to be promoted. Surprisingly few interviewees 

cited VC defeats or Losses as reasons for their own rally, although they more 

frequently attributed the rallies of others to such reasons. 

Personal, rather than histological factors seen to motivate most tallier.. 

Hence it is not surprising that some persons who rally continua to express full or 

partial.epprowel of VC aims, although tome ralliers reject them in toto, in the 

light of their experience of -life in he Front. The interviews show that in many 

cases indoctrination is not sufficient to overcome personal disappointment, fear, 

or weariness, and that once the immediate interests of the individual predispose 

him to rally or desert home, the belief in VC &WS and other ideological factors 

apparently play little or no role in his considerations. This iG borne out by 

the current expectations and behavior of many tallier', who seem to have no 

difficulty in accepting service in the GVN as soon as the GVN will take them, and 

to turn both psychological and hardware weapons against their former comrades. 

Deterrents to rallying included fear of mistreatment by the GVN, the diffi-

culty of getting away from one's unit; the fear a reprisals; inability to go 

home to en area controlled by the Viet Cong; tight supervision over VC personnel; 

and ignorance of the terrain. The Viet Cong recognise the Chieu Hoi program as 

a serious threat and take elaborate measures to anticipate, prevent, and offset 

the effects of rallying. Ignorance of tho Chieu Hoi program plays some role in 

depressing the rate of rallying, but this factor is Jiminishing in importance. 

We have examined the communications channels by which VC learn of the Chieu 

Hoi program, and have mode some judgments about the conditions favoring persua-

siveness and credibility of Chisw Roi appeals. VC learn of the program through 

many channels, the most important of which are word-of-mouth communications, 

especially via family or close friends. Leaflets and airborne broadcasts play an 

important role, as do the conversations of villagers, especially during the period 

prior to joining the VC. As for credibility, the reinforcement of appeals through 

various media seem to enhance it; the single moat persuasive end trusted channel 

is the family. Next is the appeal of a former colleague who has rallied and by 

leaflet or airborne broadcast calls on his former comrades to come out and re-

assures them about dile kind of treatment he hac received. 

We have made numerous suggestions about how the content, timing, and target-

ing of Chieu Hot appeals could be improved, with special reference to cadres, to 
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regroup..., and to PAVN personnel. We are also hopeful that the Chieu Hoi program 

can play a role in the long-run political reorientation oi the 7vh, an4 can esei-

cis* full pressure on the VC by helping to demonstrate that a VC victory is not 
esimntial to the achievement of Vietnamese personal or nationel gapirStions. 
Nenos we have proposed more vigorous and better sustained support for the program, 

both from the OVN and from U.S. government agencies. 

Work in progress includes an intensive examination of our data for Implica-

tions concerning changes end stresses in the position of the middle and lower VC 
cadres, especially as they are revealed by our intensive interviewing in Dinh 

Tuong Province. We expect shortly to publish a profile of the PAVN soldier, as 

he is revealed by our interview data. We are completing studies on the political 

motivations of the Viet Minh regroup..., and on the recruitment of VC cadres. Two 

specialists ars preparing a profile of the typical VC cadre. Two others are 

studying both interviews and captured documents to make a better assessment of the 

role of the Party in the VC. We also have under way studies of VC operations and 

policies at the village level, and of VC control mechanisms at that level and 

elsewhere. The project is open-ended and continuing. 
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CLOSE AIR SUPPORT AVIONIC$ 

FOR 

COLIKEIZINt3URGENCY APPLICATIONS (U) 
Wan—. ts.L1) 

(b)(6) 

Institute for Defense Analyses 
Arlington, Virginia, 22202 

ABSTRACT 
-(00essfeeleereee±)—

 

The problems of realizing an effective close air support 
oapability for counterinsurgency operations are reviewed. A 
selected set of close air support avionics packages which might 
be suitable for use in an aircraft operated by indigenous forces 
is discussed. It is suggested that invocation of fairly sophisti-
cated weapon system concepts in conjunction with relatively simple 
avionics equipment can yield a system which is effective in terms 
of tactical responsiveness, precision of weapon delivery, and 
which can function with an acceptable burden in terms of training 
requirements, raintent.nce, and cost. A system (and tactics for 
its use) is described which purports to realize these goals; 
comparisons are drawn with a number of elternate configurations. 

I. INTRODUCTION 

This paper describes a relatively simple avionics system for close sir support n 

counterinsurgency operations. No basic ground rules were adopted* in developing the 

rationale for equipment selection: 

(1) It is likely that the systees will be used by indigenous forces. 

(2) The targets are people (with simple weapon.) who will try very.. 

hard to remain hideer in tho terrain. 

The first rule has several important implications. First, the aircraft used for close air 

support (and its avionics complement) must be as simple as possible, consistent with 

adequate mission performance. This requirement stems from the need to minimize training 

and maintenance requirements, while obtaining the earliest possib:e operational proficiency. 

A design goal. would be to achieve the close air support weapons system on the basis of a 

of the Institute for Defense nnalysas. 
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nen-engine aircraft with an empty weight of 6,000 lbs., carrying a two-man crew and an 

-rdn'n" of "" 's 2CCI1 ''s., at ; ipe*' 6: 22S i‘flULLI. In the considerations leading 

to the conclusions reported here, it was assumed that U.S. advisory personnel would be 
_ . . 

available to asaist in training and maintenance, however. 

With regard to the second ground rule, the inference drawn is that the likelihood of 

target acquisition by the aircrew can be discounted completely. Both analysis and opera-

tional experience indicate that acquisition (e.g., visual detection and recognition) of 

close air support targets is quite problematical even for conventiOnal warfare. As far as 

the present discussion is concerned, target acquisition by the aircrew it a bonus fa.tor, 

but the System must be specified to function without it. 

The role of close air 'support in counterinsurgency by indigenous forces has certain 

implications in itself. First, the mix of preplannod versus unplanned strike missions 

will shift its proportions strongly toward the latter, in contradistinction with the use of 

close or direct air support in conventional warfare. The availability of more effective 

reconnaissance and a stronger intelligence base (and better counterintelligence) in 

conventional war permits a preponderance of close air support operations to be carried out 

on a preplanred basis, with the capability for unplanned strikes being maintained to handle 

unforeseen contingencies, which are hopefully few in number. In counterinsurgency, the 

unforeseen contingency is practically a rule of the game. Ambushes and surprise attacks 

are typical; conversely, contact with the enemy during sweeps and other planned movement: 

cannot be guaranteed because of the shortcomings of counterintelligence. 

Accordingly, the emphasis of the considerations of the present paper has been on 

achieving responsiveness of the close ail' support weapons system to the immedia..e and 

urgent nees of a relatively smal: ground party, and on achieving the coordination and 

selectivity of response to those needs required for effectiveness. in this regard, it 

should be noted that the classical criteria for effectiveness (such as the fraction of 

targets killed per sortie, or the probability of achieving a specified damage level on a 

single pass) appear to be less relevant for counterinsurgency operations then for the 

planned strikes of sustained conventional warfare. In part for these -..easons, no attempt 

has been made to develop quantitative measures of effectiveness, which must account for the 

value of harassment, and the value of disrupting an attack or facilitating escape from an am-

bush. The qualitative criteria that have been adopted as guide-lines include day-and-night, 

nearly all-weather operational capabilities, and reasonably small weapon delivery errors. 

The desire for an operational capability under nearly all environmental conditions 

stems from the need for timely responses; the delivery error criterion stems from a need to 
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avoid saturation bombing tactics whenever possible, because of the cost of suoh operations 

and because of the danger to frierly troops, in _iose p-oximity with the enemy. 

the Light-et thisAdiamesion. the epecilie requirements on the avionics-system 

begin to appear. The standard functione of flight control, navigation, communication, and 

weapon dtlivery are of course reqpirod, The most important function, however, is one that 

has not been emphaeized strongly in system deligne in the past, with the result that users 

are forced to adopt procedures and techniques that get around the shortcomings of the 

avionics. This function might be called designation, and relates to the process whereby 

tim'ground unit and the aircrew establish a oommon spatial frame of reference, and in Which 

the target location in that frame of reference is oommunioated to the sir-crew. One can 

illustrate the frustrations of trying to use modern attack aircraft for close air support 

by asking what good is a mortar-fired smoke shell to an aircraft With a high-performance, 

sophisticated, multi-function radar; or, conversely, why is the rsiar %eeded when the target 

has been marked with a smoke shell? This is not to say that smoke shella tee ths answer to 

the designation problem, but rather to illustrate the gross disparity:betwec, the needs fol 

counterinsurgency close air support and the capabilities of our modern weapco Neteles. 

The approach adopted in writing this paper was not one of achieving the oreateet 

possible total mission capability, but to attend strictly to the needs of the counterinsur-

gency close air support mission. The result is a configuration that has been qualitatively 

optimized for this mission, by meeting the requirements at minieum cost, as measured An 

terms of dollars, maintenance and support burden, and training requirement. 

A word is in order with regard to the matter of combat attrition. When an effort is 

eade to reactie an ambushed unit by means of ground forcts, a known risk must be taken chat 

thd rescuing party will itself be enveloped in a larger ambush, but the risk is teken. Even 

If the reselling forces do join with the ambushed unit, the possibility exist, that f. ll 

be collectively defeated, but the risk is taken. The position taken here is that in J„..ew 

of the second ground rule stated above, the responsiveness, mobility, and fire-power of the 
4 

close air support system minimizes the risk that must be taken for a given investment in 

dosloyed forces. 

XI. MISSION AND EQUIPMENT CONS/DERATIONE 

A. Qualitative Mission Analysis 

As a basis for discussion, it will be assumed that the counterinsurgency close air 

support mission is unplanned, and that the strike aircraft is operating out of a fairly 

primitive forward-area base within 100 nautical milts of the zone in which support 
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operations are to be carried out. The sequence of events that occur during the mission are 

as follows: 

(i) The request for clove air support is ommuniosted to the bee, 

and the aircraft takes off. 

(ii)The aircraft flies to the strike tone and establishes contact 

with the ground unit that made the request. 

(iii)The target is designated to the airorew and the strike is 

carried out. 

(iv) The aircraft returns to its base and lands. 

(v) The aircraft is rebieled, reloaded with ordnanos, and checked 

out in preparation for the next mission. 

There are, of course, several variations on this theme3 the aircraft may be in the air 

(loitering) at the time the request is transmitted; the aircraft may return to a different 

base; repairs may be necessary at the end of the Tission, and so forth. It must also be 

recognized that the steps in the sequence may be varied. For example, in conventional-

warfare close air support, the request alluded to in (i) is transmitted over a request net, 

and several links in the chain of command are involved. It is of course desirable that the 

time involved in piv.A.asing the request and initiating the mission be minimized, so it will 

be assumed that the request is transmitted directly to the base. 

In any event, the aircraft must reach the strike zone, which is assumed to be one 

kilometer or less from the ground unit which requested the mission. This can be accomplished 

In a number of ways, but in view Of the discussions of the Introduction, the navigation 

function must be available on a virtually «11-weather basis. At this point, the question 

must be raised as to the equipment available to the ground unit. It is clear that the 

unit must possess some kind of communication capability and it is likely that this capa-

bility will take the form of radio, because this is the only means for establishing contact 

with the aircraft on an all-weather basis. Beyond this, the ground unit must know where 

it is located; how well it knows this has a bearing on the specification of the close-air-

support avionics. The view taken in this paper is that the equipment burden placed on the 

ground unit should be minimized. The assumptions made heretofore have already burdened 

the ground unit with an HP radio (for communicating the request for close air support 

beyond line of sight).* 

An alternative is to maintain a communications relay aircraft over the area of 
operations; lighter-weight and greater-capacity VHF or UHF radios could then be 
employed. 
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In any event, it seems doubtful under the postulated conditions that the burden of a 
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a coat basis. ho a starting point, then, it will be assumed that the ground unit only 

knows its approximate looation on a map grid of doubtful accuracy; position-location errors 

of several hundrad yards cannot be ruled out. 

The Aircraft can be aided in locating the ground unit in bad weather or night opera-

tions by homing on a coarnunication transmission from the ground unit. This approach is 

feasible if the ground _unit is equipped with a VHF or UHF (two-way) radio, which will also 

be useful in maintaining the dialogue between the ground unit and the aircraft during the 

strike itself, Unless both tho aircraft and the ground radio are, modified for beacon 

inteiroge5tins.purpases, however, this approach only. provides the aircraft with the bearing 

of the ground unit. 

. The next step, designation of the target to the aircreft, is most crucial, because 

(as was stated in the Introduction), it may not be possible for the aircrew to acquire the 

target, either visually or otherwise. By means of the designation function, the ground. 

commander tells the aircraft where he wants the weapons delivered. The most natural basis 

for doing thia is in terms of range, bearing, and relative elevation of the desired weapon 

impact point from a reference point in the area occupied by the friendly ground forces. In 

good weather and during daylight hours, the reference point could be a panel or awoke signal; 

in good weather and at night, a flare could be used. In bad weather, it is necessary to 

employ non-visual techniques. One approach which has been suggested is to provide the 

ground units (i.e., all ground units which might have reasons to request close air support) 

with a LORAN set. The target could then be designated to the aircraft in LORAN coordinates. 

The strike could then be carried out via the aircraft's navigation system, which would 

include a LORAN set. This approach is technically feasible, although the weapon delivery 

accuracy obtained would be regarded by some as marginal for the intended application. 

However, this approach is both costly (in terms of the number of LORAN receivers that would 

have to be provided to ground units) and burdensome to the ground forces, from the stand-

points of logistics, training, and maintenance. In the final analysis, the desideratum is 

a designation capability such that the accuracy of weapon delivery is principally determined 

by the accuracy with which the ground 'commander knows where he wants the weapons to fall. 

The volution to the designation problem which is recommended here is to provide the 

ground unit with a email, low-power radar beacon, and to equip the aircraft with a radar 

which has been specialized to the task of interrogating such a beacon and tracking its 

replies. The beacon serves as a reference point for designation purposes. Locating it in 
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the aircraft spatial frame Of reference can be done with such good precision that the data 

can be used as a basis for an accurate ofleter-elepeiee 601eLiee. 

The remeining steps in the sequence of events during the mission: return to base, 

landene, and Maihtenahe4 OperiEions, are relatively straightforward in the conventional 

warfare context, but the constraint of operating out of a primitive baee raises important 

question. It is assumed that installation of a conventional instrument landing system to 

facilitate bad-weather and night landings at such a base would be undesirable. Purther, it 

is amused that the maintenenoe facilities at such a base would be severely limited. The 

sOlution referred to above provides for this need as well. 

Finally, it rust be recognized that the cost aed timeliness of providing a nation with 

a capability for close air support In counterinsurgency operations is dictated in part by 

the reqvirements for training the aircrews. Zr. this regard, the system synthesis philosophy 

has not been to minimize avionics costs so ruch as to insure that their use and maintenance 

imposes a minimum training burden on the user, and maintainers. The offeet-aimpoint weapon-

delivery technique using the radar/beacon combination can be implemented in such a way that 

the training required to achieve proficiency is minieized. The same philosophy can be 

applied to ether weapon-delivery techniques. 

With this setting for the mission context, it is now appropriate to examine the 

resources available tc meet the requirements and goals which have been sot forth above. 

B. Avionics Equipment 

Table : lists sore candidace equipment packages and their general characteristics. 

The data are not intended to describe any particular equipeents, but are representative of 

what can be achieved in the near future. The weight values listed are, in cost cases, 

black-box weights, and do not include the weight of cables, installation hardware, and 

antennas. In many instances, however, the weights listed are for equipment with built-in 

test features. The MTEF's listed are IDA's current estiaates of near-future values, for 

equipment developed, produced, and maintained according to normal military standards, and 

Installed in light, short-range aircraft. The cost figures are black-Sox costs, and do not 

include Rene, installation and similar costs; performance figeres are generally representa-

tive of wqit will be available in the near future on an off-the-shelf basis. 

The role of HP radio in close air support is ambiguous. In the conventional war 

situation, the HF radio plays a secondary role, because the aircraft is not ordinarily 

directly involved in the request net. Accordingly, the HP radio is included to facilitate 

communications during long-range missions (e.g., ferrying) and as a back-up communication 
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link. In this role, it would be appropriate to consider using HF radio in a pod install-

 

ation, to be installed on the aircraft only when the nhitnApt,... no .u.  
that it right be needed. In counterinsurgency operations, however, it may be desirable 
to_retain the RP reelo on all mittioni, and aw • working communications facility at the 
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TABLE I. CANDIDATE CLOSE A/R SUPPORT AVICKICE PACMOES 
I. CCMKUNICATIONS 

A. HP Radio  

Function: two-way communications beyond line of sight 
Weight: 50 lbs Input Power: 1200 w 
Coat: $6000 MISF: 250 hr. 
Output Powers 400 w 
Ramat:as: Operation in restrioted band to simplify antenna 

B. VHF Redio/Homiag 

Function: two-way line-of-sight communications and homing 
Weight: 24 114 Input Power: 200 w 
Cost: $650C MTBF: 9CC hrs 
Output Power: 10 w 
Remarks. PK or All; compatible with ground units 

C. UHF Radid/A0f 

Function: two-way line-of-sight communications; automatic direction-finding 
Weight: 50 lbs Input Power: 500 w 
Cost: $700C MTBF: 530 hrs 
Output Power: 20 w 
Remarks: Voice/cw only 

 

II. RAVI:AT/ON 

A. Inertial Navigation Set  
Function: point-to-poirt navigation; attitude reference for weapons delivery 
Weight: 20 lbc Input Power: 200 w 
Cost: $50,000 MTBP: 300 hrs 
Accuracy: 1-2 mni/hr 
Recarks: Carry-on platform; alignment prior to take-off outside the aircraft 

B. TACAN 

Function: determine range and bearing of aircraft relative to TACAN station 
Weight: 20 lbs Input Power: 100 w 
Cost: $18,000 MTSF: 250 hrs 
Output Power: 500 w 
Accuracy: = 0.6 degree, 250 ft. 
Remarks: Amortised cost of ground stations ($10Ck each) not included. 
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C. LORAN 

Function: determine location of aircraft in LORAN striel 

Weight: 20 Ibis input Power: 200 w 

Cost: $20,000 MTINF: 200 hre . . . . 
Accuracy: 150 feet 

Remarks: Realization of stated accuracy requires INS and 
computer for airborne application; no amortization 
of cost of ground StStiOMS ($3-5M) included. 

D. Altimeter  

Function: measure altitude of aircraft above terrain 

Weight: 15 lbs Input Powers 100 w . 

Cost: $5000 MTBF: 450 hrs 

Accuracy: 10 ft; altitude rate 0.5 ft per goc 

Remarks: Altitude rate needed for bomb-delivery solution 

III. TARGET ACMISITION AND WEAPON DELIVERY 

A. Radar 

Function: locate and track ground beacons 

Weight: 60 lbs Input Power: 400 w 

Cost: $30,000 MTBF: 200 hrs 

Output Power: 2 kw peak, 6 w average Range: 10 miles 

Accuracy: 5 ft. in range, 1 ft/sec in range rate, I milliradian 
in azimuth, at data rate of 10 per second 

Remarks: KA-bend; 10-in dia., 4-horn monopulse; beacon 
Interrogation transmission 

B. Beacon (to be used by ground units) 

Function: provide reference point for airborne radar target 
designation and landing aid 

Weight: 8 lbs Input Power: 40 w 

Cost: $3000 MTBF: 1000 hrs 

Output Power: 200 w peak 

Remarks: a-band; 16 coded interrogations, single-pulse reply 

C. Display 

Function: display beacon replies 

Weight: 25 lbs Input Power: 200 w 

Cost: $15,000 MTBF: 150 hrs 

Type: 5-inch PPI; 2-mile, 10-mile range sweeps 

D. Laser-Ranging Visual Weapon Delivery Equipment 

Function: continuous-solution weapon release for visually-
acquired targets 

Weight: 150 lbs Input Power: 120C w 

Cost: $40,000 MTBF: ISO hrs 
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E. Weapon-Releaaa Equipment  

Function: selective contrri of weapon release sequence 

Weight: 10 lbs Input Power: 20 w 

Cos ki $2500 . HrEF: 600 hre 

F. Driven Optical Sight 

Function: designate weapon impact point for visually-
acquired aim points 

Weight: 18 lbs Input Power: 100 w 

Coat: $5000 HTHF: 800 hra 

G. Computer 

FUACt10111 weapon release volution; interface 

Weight: 20 lb e Input Power: 5C w 

Cost: $30,000 HTHF: 500 hrs 

Type: OP or Hybrid CP/DDa 

Remarks: 10 solutions per second 

Some improvement in the HF weight, cost, and power drain penalties could be realized by 

reducing the output power to, say, 20 watts, which might be quite acceptable for the 

counterinsurgency application. 

Tne next two items refer to the primary means of communication between the aircraft 

and the ground unit: VHF and UHF radio. At the general level of detail of this paper, 

there is little basis for a firm choice between them. There is, however, soma preference 

for the use of UHF, because Of the availability of a greater frequency spectrum (225 to 

400 ac, as opposed to 30 to 70 mc) than is realizable at WP. VHF sets with homing features 

are available, but it iv to be expected that accurate direction-finding at UHF would be 

somewhat easier because of the shorter wavelength. The reason for emphasizing accuracy is 

that the UHF ADP has growth potential for locating a ground beacon in both range and 

azimuth; this capability is an essential feature for the strike system to be described. 

Another option which has not been listed is a radio operating in the high-HP/low-VHF 

band. This alternative deserves further study from the standpoint of minimizing cost, 

weight, and maintenance burden, but has been tentatively rejected because the combination 

of UHF and HF seems better suited to the communication needs. 

The next three items are various means for solving the navigation problem, and provide 

easontially different functions. The inertial navigation set consists of a computer and a 

light-weight carry-on platform. The platfa-m can be maintained in an aligned condition in 

a shed at the airbase until just prior to take-off. At that point, it is connected to a 

portable power supply and installed in the aircraft. Alternatively, the platform could be 

retained in alignment in the aircraft via the eight head. The inertial navigatice-, set 

provides a completely self-contained navigation capability, and the attitude information 
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available from the platform is of value in weapon delivery. 

TACAN and LORAN invnlvo plw, 1 T  Af ernl retlIna zai, a  

useful navigation capability can be achieved with a stele station over a restricted area 

aircraft with present range and 

present bearing to the ground station, and is line-of-sight limited. In one Sense, TACAN 

position fixes are more accurate than are available from the postulated inertial set, 

because they ore not subject to drift. 

LORAN represents a eignificantly.greater inveatment insofar as. the ground stations are 

concerned. A master and two slave station:14re required. but the potential accuracy 

available from LOW is substantially better than that of TACAN. The two equipments are 

quite comparable, insofar as the black-box cost, and weight, power, and maintenance 

penalties are concerned. Two other important differences are that LORAN is not line-of-

sight limited, and that full realization of LORAN accuracy in the airborne application 

requires that the equipment be used in conjunction with inertial navigation equipment and a 

small computer. The reason for this in that the aircraft speed and heading can change 

significantly during the smoothing time required for extraction of LORAN position data, 

with the result that the LORAN fix will lag the actual aircraft position. By using LORAN 

and inertial data together, however, the inertial errors can be damped with the LORAN data, 

and the inertial data can be used to correct for velocity changes during the smoothing time. 

Neither LORAN (by itself) nor TACAN provide attitude information which is needed for 

weapon delivery, however. 

The final item in the Navigation category is a radar altimeter; the major reason for 

including it (in addition to a barometric altimeter, for example) is to provide precise 

altitude and altitude rate data for weapon delivery and instrument landing purposes. 

One cla&s of equipment which has been omitted is an instrument landing system. From 

the standpoint of costs and penalties for the aircraft, the addition of marker beacon, 

localizer and glide-slope receivers imposes no severe strain. It is clear, however, that 

installation and maintenance of the requisite ground equipment may not be consistent with 

the notion of a primitive, forward-area base operated by indigenous forces. In the follow-

ing section, an alternative to the conventional XLS approach is suggested which is more 

consistent with this notion. 

Many possible candidates could be listed in the next category; target acquisition 

and weapon delivery. The term target acquisition is a misnomer, because the philosophy 

employel in the synthesis is that the system must be effective even though the target 

cannot be acquired from the air. Accordingly, a number of equipments, including television, 
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low-light-level television, infra-red, night-vision equipment, and MTI and synthetic-

aperture radars have been omitted for a veriety of reasons. In all cases, the contributions 

that these equipeenteelight make-be the effectiveress of the °lose air support vesper+ 

system appears to be far outweighed by th costs and penalties associated with having 

them aboard the aircraft. None of them guarantees target acquisition. The electro-

Optical an infra-red sensors are limited by the weather; MTI radar is not appropriate for 

the class of targets being considered, and synthetic-aperture high resolution radars are 

both costly and of dubious value for unplanned counterinsurgency operations. 

The radar whieh is cited is intends4 solely for beacon interrogation and tracking. 

The choice of Ka-bend tha trequancy is fairly arbitrary, but consistent with the use 

for which it is intended: :A Short paper design study was undertaken for this equipment; 

some parameters (in additien to those shown in the table) are: 

PRP: 10,000 pulse groups per second 

Beamwidth: 2 to 2.5 degrees 

Antenna gain: 36 to 40 db (one way) 

The transmitted pulse group consists of three 0.1-microsecond pulses whieh can be spaced 

at intervals of 1, 3, 5, aid 7 microseconds, for a total of 16 possible interrogation codes. 

The radar interrogates a beacon, wh1Qh is the next item ir the table. It was assumed that 

the beacon receiver bandwidth is SO mc (to miniwize tuning problems), with a 20-db noise 

figure. Deducting 10 db for line and pro:agation losses and antenna inefficiency, the power 

received at the beacon at 10 (statute) miles is -56 dbe. The single-pulse signal-to-noise 

margin turns out to be 21 db; beacon receivers with a trigeering sensitivity of -65 di 

are available today. Because of the lowe.: power in the beacon, the rargins are 13 db less 

the reply link, but this is unimportant, because the received replies can be :.ntegrated 

on the display. 

This radar is not appropriate for terrain-avoidance flight applications. To modify 

it for this function would increase its weight, cost, and complexity to a point where it 

would not be suitable for the problem e,nsidered. Under conditions of poor visibility the 

only course is for the aircraft to fly at a sufficiently high altitude to clear any 

oostacles (including mountain') that might othorwise appear In its path. 

The most critical parameters for the radar/beacon combination appear to be the desired 

traceing accuracies. Range and range rate data can be obtened from stsneard analog or 

digital tracking unite; elevation and azimuth angle tracking can be accomplished via 

conical-scanning or monopulse techniques. Monopulse is simpler from a mechanical standpoint, 

and is recommended for that reason. 
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A beacon similar to the one described in the table could be carried aboard the air-

craft to facilitate tracking by ground-based radar attack control systems (as currently 

embodied in the Marine Corps AN/TPQ-l0). This method of weapon delivery control will be 

SiUtlistd- tatequentt.77-------

 

The display cited in the table is used to permit the operator to put a tricking 

cursor on the displayed beacon replies. 

The next item, laser-ranging weapon delivery equipment, is included primarily to take 

advantage of actual visual target acquisition; it thereby eliminates target location errors 

which will be discussed subsequently. The equipment consists of 4 driven optical sight, 

a laser ranging device which is slaved to the sight, and a special-purpose computer (or, 

if the aircraft is so provided, the general-purpose computer to be described subsequently). 

The computer accepts attitude and velocity data from the aircraft's attitude reference 

and air data eystem, and range data from the raring device. Several modes of operation 

are possible; in one, the computer drives the sight so as to designate the impact point of 

the weapon to the pilot. He then flies the aircraft so that the eight dot crosses the 

target and !-oleases the weapon at that point, ln another rode, the pilot (in effect) 

designates the target to the computer during a dive, and the computer releases the weapon 

at the appropriate point during pull-up. In this mode, the effects of timing error on the 

part of the pilot are eliminated. The principal reasons for including this item are that 

the training required to achieve accurate visual weapon delivery could be greatly reduced, 

and that it provides significant growth potential for use of the aircraft in planned strikes 

against easily-acquired targets (as for interdiction missions) which are not close to 

friend1y ground units. 

The next item, weapon release equipment, is a standard item at the present time, and 

facilitates the use of various re:.ease tactics (ripple, salvo). The ripple interval can be 

varied trom 20 milliseconds to 2 seconds. Accordingly, the weapon impact pattern can be 

matched to the fire support needs of the ground unit. 

The driven optical sight is an element of the laser-ranging delivery system described 

above, and is innlude6 separately because it can be coupled into the weapon delivery sib-

system in other ways. For example, the radar described above could be modified to provide 

aircraft-to-target range data, albeit with less ancuracy than the laser equipment. 

Alternatively, the sight could be used without range date, being driven by the computer 

to designate the estimated weapon impact point from attitude, altitude and air speed data 

alone. 
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Finally, the computer is used primarily to effect solutions to the weapon delivery 

problem. Thesis solutions clan be of several typast! fnr tee :=7,utzr  

beacon data from the radar for an offset-am-point aolution, using information from the 

----------eitiMeter.-inirtitOdX$VrifUeoh44- iiiitliVreiiir-ind the air data system to control the 

airoraft autopilet and initiate weapon release. Alternatively, the computer can drive the 

eight, as has already been mentioned. More generally the computer is used as an interface 

between the sources of tensed data (altimeter, air data set, radar, laser, inertial 

navigation sat, manual entry, ADF, LIMAN, ACAN, attitude and heading reference, and the 

display) And the system actuators (autopilot, sight drive, weapon relemse equipment). In 

this role, its purpose is to eliminate the need for extensive training of the crew, who 

would otherwise perform these functions. 

'Other items of equipment which have been mentioned in passing but are not described in 

the tables include the aircraft's air data system, autopilot, and the attitude reference. 

These are not described in detail because they would generally comprise part of the normal 

aircraft avionics complement, and are not specific to the close air support wIssion. 

Included in this category are the intercomunications equipment, and the flight control and 

engine instrumentation. Many equipments which might have been considered were not, includ-

ing gun-fire detectors, data link terminals, station-keeping systems, terrain avoidance 

radar, low-frequency ADF, IFF, contact analog displays, radar warning receivers, and 

electronic countermeasures. These were omitted because a casual appraisal indicated that 

either their functions could be better done by the equipment which was considered, or they 

were not needed in the problem oontext, or they were not consiatent with the notion of 

light-weight, relatively low-cost, easily-maintained system. Doppler radar naviga, ion 

equipment was eliminated on the same grounds. In retrospect, however, the potential role 

of Doppler radar for weapon delivery (as well as for en-route navigation) indicates that 

its use in the counterinsurgency application should be examined. 

In the next section, the elements which have been described here will be combined into 

systems, and some features of their operation will be discussed. 

III. SYSTEM DEsCRIPTION 

A. Equipment Conplements 

In synthesising an avionics system for counterinsurgency close air support, several 

alternatives were considered. The preferred choice is termed the basic all-weather system, 
A 

and its complement of equipment is listed in Table II, along with the complements for the 
• 

other systems. 
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2. 

3. 

4. 

S. 

TABLE II. SYSTEM OPTIONS 

System 

 

Mrborne EguiPment . 
--------

Ground Equipment 

Communication Navigation Attack 

 

Basic All-Weather HP Radio Inertial Radar HP Radio 

 

UHF Radio/ Navigation Display UHF Radio 

 

ADF Set Computer Beacon 

  

Altimeter WRE 

    

Driven 

    

OVtical 

    

Sight 

 

Minimum HP Radio LORAN or Driven HP Radio 

  

1ACAN Optical 

    

Sight 

    

Computer 

    

WRE 

 

Improved Minimum, Same ea (1) LORAN or 
TACAN 

LRVWDE 
WRE 

HF Radio 
UHF Radio Alternate / 

Improved Minimum, Same as (1) Inertial 
Navigation 

Same as (3) Same as (3) 
Alternate II 

  

Set 

  

Augmented Same as (1) Same as (1) Radar Same as (2) 
All-Weather 

  

Display 

    

LRVWDE* 

    

WRE 

 

WRE: Weapon-Release Equipment 

LRVWDE: Laser-Ranging Visual Weapon-Delivery Equipment 

With aJgimented computer 
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With regard to the equipment required by the ground unit, it is assumed in all 

instances that they have rhe nap0,414ry f„4  

(in the case of Systems 1 and S) and to within a mile (for Systems 2, 3, and 4). The HF 

bY—iiie -gieeneitinit is a n-orrMil tactical ground radio, and is used to request 

the ClOall air support mission, and for any other beyond-line-of-eight mamunication tasks 

that they might require. The UHF radio can he a light-weight set (4 to 9 lbs), and is used 

to aseist the aircraft to approach the target area (except for System 1), as well as fcm 

omenunicaticn between the air and the ground during the stria itself. In the case of 

Systeme 2, 3, and 4, it is assumed that the ground unit has some means for establishing a 

visual point of reference for purposes of designating the target (panels, smoke, Or flares). 

The beacon employed in Systems 1 and $ was described in the previfts section, and is the 

all-westhmr reference point for target designation. 

System 1 and the means for its employment will be discussed subsequently. System 2 

appears to be the rock-bottom avionics complement to perform any kind of close air support 

sission, with the exception of the driven optical sight and the computer. The justifi-

cation for these equipments is that they permit shorter training periods for acquiring 

weapon delivery proficiency. The corputer accepts information from the aircraft's air data 

equipment (air speed, angle of attack, air density), from the attitude reference (dive 

angle), and from the barometric altimeter (altitude and rate of ascent or descent). In a 

level-bombing, strafing, or rocket attack mode, the computer drives the optical sight to 

indicate to the pilot tha estimated point of weapon impact. It is therefore only necessary 

for the pilot to fly the eight dot over the target. In the dive-toss mode, the pilot 

places the sight dot on the target during the dive, and initiates the weapon-release 

sequence (pickling) simultaneously with his planned pull-up. The computer releases the 

bomb at the appropriate point in the pull-up to place the bomb on the target. The ccmputcr 

performs a similar function when the point of aim is the designation reference point, with 

the exception that the range from the designation point to the target is entered manualIy, 

and the pilot must fly on a heading which is on the bearing of the target with respect to 

the designation reference point. 

System 2 is obviously subject to a number of limitations: visibility must be suffi-

ciently good for the aircrew to find the designation point of reference without ADP 

assistance; the use of HP for direct communication between the groutd and the air is 

susceptible to overcrowding of the limited spectrum; and the use of air data and flight-

control attitude reference information for weapon delivery may be questionable from an 

accuracy standpoint. 
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System 3 achieves improved accuracy of weapon delivery by means of laser ranging, 

which eliminates a number of error sources present in System 2. The UHF Radio/ADf cepa-

 

tt thr. vcu'ulem Lo s'aist 

the aircrew in finding the visual designation reference point. An additional benefit can 

be implemented if the UHF radio on the ground and the designation reference point are 

approximately colocated. Under these circumstances, the AD? can be ooupled to the autopilot 

through the computer to put the aircraft on the proper heading for weapon delivery. 

In System 4, the TACAN or LORAN equipment is replaced with the light-weight navigation 

set. In addition to eliminating the need for ground stations, the availability of more 

accurate velocity and attitude data improves the accuracy of weapon delivery over that 

Obtainable with System 3. 

In System 5, the mission scope of System 1 is enhanced by adding a laser range-finder. 

That is, the primary mode for weapon delivery in System 1 is based on using the beacon as 

an offset radar-bombing aim point. Against targets which are not close to such a beacon, 

the delivery accuracy of System 1 is somewhere between that of System 2 and System 4, 

because range and range rate to the target will not be known. Adding the laser range-

finder alleviates this problem for targets that can be acquired visually. There are two 

applications for this capability. First, the system can be used in planned interdiction 

mf.ssions under good-weather conditions against targets that are easily acquired. Second, 

in close air support missions, the ground unit may have imperfect knowledge as to the 

target location. The bomb run can be initiated under control of data derived from the 

radar/beacon combination; if the target is then acquired visually, the pilot can revert to 

the laser-ranging mode of attack with improved delivery accuracy. 

B. Tactical Dmployment of the Basic All-Weather Configuration 

The close air support mission begins with the aircraft taking off from its base and 

flying in the general direction of the strike zone, using the inertial equipment for 

navigation, e.g., under autopilot control. The aircrew then establishes contact with the 

ground unit via UHF radio, and obtains a more accurate heading via the automatic direction-

finding equipment (if this is necessary). At this point, the target bearing and range 

relative to the ground beacon are entered into the computer (this information can be 

subsequently updated if necassary). 

When the aircraft is within ten miles of the. ground unit, the radar is turned on to 

interrogate the ground beacon, using the ADP information to steer the radar antenna in the 

approximately correct direction. (Alternatively, the radar antenna can scan a wide sector 
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in the search mode if for some reason the ADF is not functioning.) Once the ground beacon 

ans*.a. I.J,Loi.mvaLlunts frurri Lhe radar, the operator places a cursor over the displayed 

replies and switches the radar into its tracking mode. The beacon range and angle data are 

stored by the computer in a fixed coordinate system, using inputs from the inertial navi-

gation set. This is substantially equivalent to updating the inertial navigation data via 

a Checkpoint, and facilitates reacquisition of the beacon during later parts of the mission. 

Next, the aircraft descends to the desired bombing altitude and turns so that it is 

heading toward the beacon in the direction of the target. This operation can be accomr 

plishad under computer control of the autopilut, using inertial data. Figure I illustrates 

the maneuver in plan view for a typical approach. The aircraft is flying at an altitude 

of 3600 feat at a speed of 225 knots (380 feet per second). The target is east of the 

beacon at a range of 3000 feet. A low-drag bomb will take 15 seconds to fall; the 

horizontal distance traversed by the bomb is therefore 5700 feet. The aircraft approaches 

from the south. At the point marked Beacon Track Lost, the radar can no longer track the 

beacon because the slewing angle is too great (a maximum sowing angle of 45 degrees was 

assumed for the purpose of drawing the figure), but by this time, the aircraft is under 

autopilot control from the computer. The aircraft continues on its approach heading until 

the turn begins. 0,:ring the turn, the beacon is reacquired by the rartsr. The turn con-

tinues until the aircraft is on the in-run, that is on a course which, will take it over the 

beacon and toward the target. During the in-run (of IC seconds duration for the situation 

depicted in the figure) the computer is using the radar tracking data and inertial inputs 

to correct the heading. The computer releases the bomb at the computed release point and 

the aircraft is turned over to manual control. 

The release point is computed using the specified range and elevation from the beacon 

to the target, elevation angle to the beacon (as measured by the radar), altitude rate 

from the altimeter,* and either range rat,. to the beacon (as measured by the radar) or 

horizontal velocity data from the inertial navigation set. Wind corrections and aircraft 

heading c ctions can be provided by the computer from inertial and air data. 

This mechanization of the attack control has many advantages. First, it is possible 

to include wind corrections autometicallie. Second, the accuracy attainable is essentially 

Over rough terrain, it may be preferpbla to use inertial or even barometric altitude 
rate data. 
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limited by the accuracy with which the ground commander can designate the range, bearing, 

and elevation of the desired impact area, since tho tracking accuracy of the inertial and 

altimeter inputs should be sufficient to insure CE's (with respect to the designated aim 

Point) of the order of S(Ifeet under the conditions described. 

Concurrently with this operation, the computer can slew the optical sight so as to 

delineate the designated aim point to the pilot, and he can attempt to acquire the target 

visually if the weather and illumination conditions permit. If such acquisition occurs, 

he can switch over to the visual delivery mode, thereby eliminating target location errors. 

Conversely, the relationship of the sight dot to the tarvet gives the pilot a measure of 

the error in the designated aim point; if this is satisfactorily small, he can leave the 

system in its fully autocatic mode. 

For second and subsequent pease. over the target, the inertial navigation set and 

the computer can be used to steer the aircraft (via the autopilot) on a race-track course, 

and the sequence of events described above is repeated. Between passes, the ground unit 

coarander can correct the designated aim point, or he can designate aim points for new 

targets. 

A major point of this discussion is that the training requirements for achieving 

accurate weapon delivery have been minimized, by providing means for steering the aircraft 

on a correctly-oriented bombing run, and for automatically releasing the weapon at the 

correct time. 

Finally, it will be noted that the equipments specified for the basic all-weather 

system can also be used for instrument landing purposes, by placing one or more of the 

ground beacons in a known relationship to the runway. This obviates the need for an 

instrument landing facility at the airbase. 

C. Cost Comparisons 

Table III exhibits the cost factors associated with tha systems that have been dis-

 

cussed. The cumulative data do not include provision for such elements as cabling and 

other installation hardware, interface packages, and cooling, but it is felt that the 

assumed values for the individual equipment packages were sufficiently conservative that 

the additional penalties imposed by these necessary adjuncts are relatively modest. 

The most conspicuous points brought out by Table III are the following: 

(i) It is possible to realize a close air support avionics system 

which provides a useful weapon delivery capability at a 

reasonable fraction of the coat of the counterinsurgency 
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aircraft (typically, $250,000 to 300,000) within a weight, 

power, and maintenance burden envelope which is acceptable 

for such an aircraft. 

(ii) Para is 4749.y e.tra7t0-0Mk VariOtiOn between the coat factors 

for a system which is limited to daylight, fair-weather 

operations and one ithich can function effectively at night 

and under nearly all weather conditions. 

With regard to the maintenance burden cited in (i), it was noted previously that *any of 

the equipment descriptions listed included 'Provisions for built-in test features. It has 

been estimated that the-aaintenancarequirements for the basic all-weather configuration . 

could therefore bib kept under one maintenance men-hour per flying hour. 

TABLE III. 'COST COMPARISONS 

 

System Weight 
(ibs) 

Cost 
(SX) 

Input Power 
(kilowatts) 

MTBF 
(hrs.) 

1. Basic All-Weather 268 131 2.8 34 

2. Minimum 110 64 1.6 72 

3. Improved Minimum, 280 71 3.0 62 
Alternate-I 

4. Improved Minimum, 280 83 3.1 64 
Alternate II 

5. Augmented All-Weather 323 136 3.7 31 

D. Other Possibilities 

The approach adopted in this discussion is not the only way of obtaining the kind of 

capability for close air support that has been sought. Three other approaches will be 

mentioned here. 

The first is to use LORAN coordinates for the frame of reference for target desig-

nation as was mentioned in Section II. The disadvantages cited were that LORAN equipment 

would add significantly to the burden of the ground units, and that the cost of equipping 

all such units with LORAN receivers would be prohibitive. Furthermore, use of LORAN data 

for weapon delivery purposes requires the use of a small inertial-navigation set and a 

small computer to overcome the lag effects due to the smoothing time required for LORAN 

position fixes. The viewpoint taken in this paper has been that the basic all-weather 
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system described above is a better way to exploit this combination. Nevertheless, there 

are definite advantages to the LORAN approach, especially for application with ground units 

(such as those of the U.S. forces) for which the burden would be acceptable. One of the 

principal advantages is that with an operating LORAN receiver along, a ground unit well 

always know where it is with good accuracy. This point may he important for tactical 

operations other than close air support, That is, if there are other justification° for 

providing LORAN receivers to the ground units and/or for carrying thee on close air support 

aircraft, it may well be that the LORAN approach is bast frown an effeetivenees-cost stand-

point. It is questionable, however, whether LORAN-based weapon delivery can ever be as 

accurate as the Short-range offset-aimpoint bombing technique that has bean described above. 

The next approach is to employ a UHF beacon, in somewhat the same manner as was 

described for the X -band approach of the basic all-weather configuration. This approach a 

Is also attractive, since most aircraft have or will be provided with UHF ADF equipment. 

For the fullest exploitatioe of this approach, the aircraft would interrogate the beacon 

(entailing a sigrificant modification to the UHF transmitter on the aircraft) to obtain 

range information. The range information would probably not be as good as is availab1-. at 

higher frequencies but would probably be good enough for weapon delivery. (To obtain suffi-

ciently good range rate data for use in the bombing equation solution, however, the beacon 

would probably have to be a coherent repeater; range rate could then be obta1ned from the 

Doppler shift in the reply.) The principal shortcoming of the UHF approach is that in 

conventionsl installations, no elevation (or depression angle) data of the beacon with 

respect to the aircraft would be available. This information is useful in weapon delivery; 

its availability permits computation of the altitude of the aircraft above the beacon 

without errors due to terrain elevation variations. About the most that can be said 1s 

that the UHF beacon approach deserves further study, to determine whether its shortcomings 

can be overcome to an acceptable degree. 

The third approach which wiI.1 be discussed here is that of using a third party to 

control the close air support aircraft. This concept is currently used by the Marine 

Carps in the form of an Air Support Radar Team. The principal equipment of the ARS": is the 

AN/TPQ-10 Radar Course-Directing Central, which is a combination of a computer and communi-

cations complex with a high-precision tracking radar. The location of the target with 

respect to the radar must be known with an accuracy better than that required for weapon 

delivery, because this uncertainty is reflected direct.:.y into the delivery erro,s. In 

operation, the radar tracks a beacon on the aircraft; the resulting position data are fed 

into the computer, which generates steering commands to the aircraft. The steering commands 
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are transmitted to the aircraft's autopilot via a UHF data link, and serve to plar the 

aircraft on a bombing run toward tne target. The computer generates • cc:smarm, walch is 

transmitted to the aircraft and muses bomb-release, when the estimated release point has 

been reached. Accuracies (C's) ranging from 40 to 70 yards have been reported at control 

ranges of 20 to 65 kilometers. 

This approach has tremendous growth potential from several standpoints. It minimizes 

the equipment that met be carried by both the aircraft and the ground unit.* /n effect, 

it is akin to LORAN and TACAN navigation, except that it has been Specialized to the air 

support function. /ts disadvantage is that because the aircraft must remain within line-

of-sight of the radar, certain kinds of attacks (e.g., strafing) are precluded. The 

accuracy obtained by the TPQ-10 radar is probably close to the limit for such types of 

control (the radar angle-tracking accuracy is 0.5 milliradian), but is somewhat poorer than 

can be obtained with the offset-aimpoint approach adopted here. This potential shoftcoming 

could possibly be overcome by means of a base-line technique using two receiving sets for 

the aircraft beacon replies. Perhaps the most serious problem is the fact that the success 

of the ASRT concept is due in no small part to the highly-skilled and ingenious Marine 

Corps personnel who operate the TPQ-10 system. It is not at all apparent that such 

proficiency could be quickly established with indigenous forces. 

This statement must be qualified by again noting that the position of the target must 
be accurately known to the ART, which in turn implies that the ground unit requesting 
support must at least know its own position accurately. 
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ABSTRACT 
(tideless' fied) 

The suppression of moisture produced contrail° associated with high flying jet aircraft, the 
device used, and the method of inaerting the nucleating agent are deacrib:d. Application and 
importance to the present operational vehicles In the Air Force inventory are distrissed. Future 
plans and area of required resucrch, with emphasis on potential applications, are examined. 

While contraii.. nre..an inspiring siert when they are being made by our aircraft over our own 

territory, they may be tine first and sometimes tne.only warning to an enezy that our aircraft are 

over his country. This is espceially ;.rue when we use - vehtcle with a Low radar crust; section. 

This presentation describes the development of contrail sippression devices by the Air Force 

Cambridge Research Laboratories from the initial laboratory concepts to operational hardware now 

in use In Soatheast Asia. 

A contrail or vapor trail is produced by the cntdcn3aticn of the watt.? vapor fumed by the 

combustion of a hydrocarbon facl that forms R virlhIR wake 3f water particles in an aircraft 

onhoust. 

Cn  H
2r

 - 02 E20 CC2 

When tne exhaust gases cool, a cemain portion of the water vapor saturates the exhaust 

envelope and ay water vapor in exc2ss cf that needed to saturate the exhaust at aMaient 

temperature, pressure, and humidity Is available for contrail formation. 

Because of strong in-houec programs in the area of condensation Physics, AFCRL fLrs. became 

involved in contrail suppression In l95'j. By 1959 it had been demonstrated that if the amount of 

hydrogen In a fuel was redcoed, the probability of contrail formation was also reduced. While 

this yea an interesting exercimr in condensation physics, the approach woe =acceptable to the 

Air Force for two 01,v1.= rc=ma: (a) ao i4.!:-Ogen & 

of combustion is lowered anC the aircraft suffers a range penalty, and (b) the logistic nrobleme 

of utilizing two fuel supplies for aircraft made this solution impractical. 
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A parallel approach also began showing promise in 1959. The reasoning behind this approach 

maintained that rather than suppress the contrail by conventional means, it should be possible to 

make a contrail invisible by reducing the size of the water particles below 0.25 microns, 

therefore causing the particles to scatter in the Rayleigh region and be invisible. 

Various means of achieving the size redueon technique were studied, and the conclusion 

reached was that the nucleating would have -!,o be an extremely hygroscopic gas, since it 

is impossible to reduce a powder to a small enough s....se so that final growth on the nucleus 

will not exceed 0.25 microns. 

Sulfur trioxide was found to be the only material which met our criteria. Because of 

problems involved in the handling of sulfur trioxide, mainly polymerization when it became 

exposed to either moisture or cold, we decided to develop a means of manufacturing sulfur 

triolide directly in the jet exhaust. Chlorosulfonic acid was injected into the exhaust and in 

the hot environment it broke down to form sulfur trioxide and hydrogen chloride. The sulfur 

trioxide suppressed the contrail. 

This system was demonstrated on both B-47 and B-52 type aircraft and the system was turned 

over to SAC. The lower half of Figure 1 is a demonstration of the suppression system in 

operation on the right wing of a B-47. 

In the fall of 1963, after repeated failure of the airframe contractor to develop a 

contrail suppression system for a projected special purpose vehicle, AFCRL was directed to 

undertake a program to develop a contrail suppression device for that vehicle and the "Blind 

Alley" program was initiated. 

Basic flight testing was performed at Bollomen AFB on a Ryan Firebee target drone. As the 

flight testing progressed, instrumentation was developed to measure all significant variables. 

These included agent temperature, agent flow, altitude, outside air temperature, and relative 

humidity. Agent flow could be varied during a flight. A computer program was developed to 

optimize the placement of nucleating agent droplets in the exhaust. This gave us not only the 

size and injection point for maximum evaporation, but also considered the chemistry in the 

exhaust stream and maximized the sulfur trioxide concentration by determining the conditions 

for minimum thermal decomposition of the so
3 

into SO
2 

and oxygen. 
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of 35,000 to 53,000 ft., the altitude ceiling of the teat vehicle. Preliminary test data analysis 

showed, however, that the relations concerning agent requirements as a function of ambient 

conditions did not follow the criteria developed during our B-47 teat program. As the altitude 

range of our test program increased, we found that the expected relationships between amount of 

nucleating agent required and atmospheric parameters did not hold. According to meteorological 

theory, it should be possible to express nucleating agent requirements in terms of liquid water 

content of the contrail or the amount of actual water Which will condense at any set of 

atmospheric conditions. We found, however, that as altitude increased, the amount of agent 

necessary to suppress a contrail of a given liquid water content also increased. 

While the "Blind Alley" test program was progressing, we were directed, using the best 

state of the art, to install a contrail suppression device into an operational vehicle for a 

night test program at Eglin Air Forte Base. One successful flight was made at altitudes to 

59,000 ft. and temperatures to -67°C. Further tests were not made because of the sudden 

deployment of the operational group to Southeast Asia. 

In November, 1964, we were directed to develop and construct an operational contrail 

suppression system for the vehicle upon which we had run our Eglin tests. During a ten day period, 

design and flow rate were set, mater.,.als were assembled, AFCRL personnel traveled to the vehicle 

contractor's plant, installed the system, wrote the operating manuals, and were on their way to 

Southeast Asia with the contrail systems and vehicles. 

While the initial operational systems were not the best possible because of the short time 

for design and construction, they did fill the need and gave a reasonable probability of contrail 

suppression under all but the coldest ambient conditions. 

The "Blind Alley" flight test program was completed on 1 December 1964, and a comprehensive 

analysis of the "Blind Alley" test was begun. 

The analysis shoved the following relationships: 

SYSTEM EFFICIENCY INCREASES  

a) System efficiency is increased by increasing tailpipe temperature insofar as one is 

concerned only with the evaporation of the chlorosulflnic acid droplets to form sulfur trioxide. 
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forward position, sa close to the turbine as possible; this favors agent droplet evaporation 

because of the longer time that the droplet remains in the hottest region of the tailpipe. 

c) System efficiency is increased as the agent temperature is increased. 

SYSTEM EFFICIENCY DECREASES  

a) System efficiency is decreased as the exhaust gas temperature is increased insofar as 

this increase is related to droplet breakup. The density of the gases in the tailpipe is, with 

increasing temperature, des:reased and breakup of the agent stream into droplets increases with 

increasing, hie: tailpipe density. 

b) System efficiency iu decreased as altitude is increased because of the decreased 

tailpipe density with altitude. 

c) System efficiency is decreased as the velocity of the agent stream is increased because 

stream breakup into droplets is inversely proportional to stream velocity. 

If allowances are made for the changes introduced by the droplet breakup mechanism and 

tailpipe density Changes, then the relationships based on nucleating material as a function of 

liquid water content of the contrail are valid. 

During April of 1965, AFCRL was called upon to contribute towards the design of an advanced 

version of the reconnaissance vehicle which would have a new engine and increased altitude 

capability. Sufficient time was allowed for flight test and we were given the opportunity to 

develop a meaningful program based on the 'Elind Alley" test results. Al]. significant variables 

identified during our program analysis were included in the flight test program. An RB 57F was 

provided as a test bed and the test engine was hung in a pod replacing one of the J60 engines 

on the aircraft. 

The variables chosen were: 

a) Agent temperature; this could be varied from 75°F to 190°F. 

b) Injection pouition; two sets of 4 each injection positions were Chosen, one at the 

turbine and the other further aft in the tailpipe. 

c) Agent velocity A; a Choice of nozzle sizes was provided in order that flows could be 

compared at differing velocities.. 

d) Agent velocity B; for any nozzle configuration the flow could be directed through either 

two or four nozzles. 

• 
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e) Flow rate of the agent could be varied. 

The parameters measured included agent flow, agent temperature, tailpipe pressure, exhaust 

gas temperature, and outside air temperature. 

In addition to the above, an attempt was made to nullify the tailpipe density effects caused 

by altitude and temperature changes. This utilized a completely new nozzle design in which only 

the nozzle and injection parameters controlled droplet breakup (Figure 2). The agent was injected 

through a nozzle and onto a parabolic deflector welded on the end of the nozzle insert. The 

agent stream was broken up by the deflector rather than the jet exhaust. 

These tests confirmed our "Blind Alley" data analysis: 

a) System efficiency was increased as agent temperature was increased up to the point where 

the agent began decomposing. 

b) The optimum agent temperature was found to be in the range 135°F to 150°F. 

c) System efficiency was found significantly better in the nozzle poaition closest to the 

turbine. 

d) Within the limits of well defined flow (ignorinc largest nozzle size of 0.017 in. 

where stream velocity was too low to allow penetration al. .:iteraction with the exhaust gases) 

the larger nozzle diameters were most efficient. 

e) Two nozzle configurations proved superior to the four nozzle configurations, and the 

deflector nozzles were the most efficient of all tested. 

All sy.4--em designs tested worked well within our de, . envelope of 59,000 ft. and above 

and the deflector nozzles were approximately 35 percent more efficient than those of our previous 

operational system. 

The above test program, which was conducted at Genual Dynamics, Fort Worth, Texas, was 

concluded in July, 1965, and work was immediately begun to translate the data into an operational 

system. AFCRL personnel working with AFDC and AFSC at tne vehicle contractor's plant designed 

a new system which was incorporated into the advanced reconnaissance vehicle. The criteria 

used in the design were in order of importance, reliability, weight, and cost. Since previous 

experience showed that, whenever the people in the field could turn something either by hand or 

with available tools they did, the system was designed to be completely tamper proof by the 

personnel in the field and usable by the maintenance crews with a minimum of training. Figure 3 

illustratos the first system built in November 1964 and Figure 4 shows the current system. 
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The system was completed in October, 1965, testing was completed in riovaaber, and it is r.ow 

operational !n Southeast Asia. 

While work was progressing on the operational system, AFCRL was directed by flqUSAF to 

initiate a project in the exploratory development area in order that we might develop design 

data for new gene:ations of vehicles and improve the state of the art. A certain portion of our 

current work is tied to a specific vehicle which must be ready later this year. 

Our present program is divided into three parts: Nucleation Chemistry, Droplet Injection 

Mechanisms, and Materials Research. In our Nucleation Chemistry atudies, work is underway to 

develop better nucleating materials. We have already developed a variation of chlorosulfonic 

acid and sulfur trioxide which should be about 20 percent more efficient then our current agent. 

Other methods of producing sulfur trioxide, new nucleating materials, and the use of fuel additives 

are under study. 

Work on droplet breakup mechanisms involves an attempt to develop droplet breakup theory to 

the point where we can optimize the injection of a material into an exhaust. Current studies 

involve both theoretical modeling of the breakup mechanism and experimental verification of the 

results using high speed photography and a nanosecond light source. 

Our materials studies are concerned mainly with the development of better, lighter, more 

reliable systems for contrail suppression. With one specific vehicle on which we have worked, 

every pound of system weight results in a 10-ft. altitude penalty. 

Waile it is impossible to discuss the specifics of our operational vehicle, the enhancement 

in mission capability of a reconnaissance vehiclL which leaves no visual calling card to direct 

enemy fighters for an intercept can be left to the imagination. 

Although we have been responsive to the Air Force needs to the extent of the design and 

construction of operationa.i. hardware in the shortest period of time, our mission has not ended. 

with the delivery of the system, but we are striving for the knowledge to improve what we have 

already built and to respond even better in the future to Air Force requirements. 
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Figure I. Trails From B.L7 Suoilatised on Cne Wing 
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Figure :TI. 7irst System B...t:t in 1961, 
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 ABSTRACT 

Ifierefitiernit* 

The detection of guerrilla movement by means of sensors 
placed beside trails and along borders would have a number of 
tactical advantacts. Such a detection system involves both 
sensors and commwiication equipment. 

Acoustic, infrared, and seismic sensors are considered. 
Seismic sensors, with circuits to discriminate footsteps from 
other earth vibrations appear the most promising. Communi-

 

cation links based on wire lines or ground to ground radio 
equipment are shown to have significant disadvantages, but 
interrogation of sensors from aircraft flying over them appears 
to be feasible. 

 

 

I. INTRODUCTION 

This paper is based on a short studyl  on the utility of sensors implanted (by air drop or deep 

penetration patrols) in remote areas with heavy vegetation and rough terrain to detect, store, and 

transmit intelligence on guerrilla movement. The study was performed for ARPA about a year 

 

ago. 

  

 

During the past few years a number of organizations have considered the use of remote sen-

sors for the detection of personnel and vehicles. Their potential utility is suggested by the analogy 

of iraplanted sensors with conventional anti-personnel mines (which also incorporate personnel de-

tectors). The mine and related traps have in many areas been most effective guerrilla weapons, 

and have been of value in counterinsurgency. It is reasonable to suppose that the reasons for their 

effectiveness are that they are hidden, patient, and do not require the presence of the implanting 

soldier. These characteristics, with the possibility that their readout antennas may be more dif-

ficult to conceal, are also those of the implanted sensors; the use of such sensors has the addi-

tional advantage of not threatening the civilian population, and not alarming a guerrilla band before 

it has been engaged in combat. 

This study was concerned with the coat and utility of systems of implanted sensors to provide 

military information in an extended region which is not under friendly control. This involved 

consideration both of the sensors and of the additional equipment necessary to complete an infor-

mation-gathering system. In this paper we will deal with: The possible military applications of 
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implanted sensors; the possible applicability of known sensors; and some of the problems of deploy-

ing a sensor system. 

2. POSSIBLE MILITARY APPLICATIONS 

2. I BORDER CONTROL 

An important use of remote sensors might be the monitoring of traffic across the boundaries 

of a country or a limited tactical region. It is clear that in this application such detectors will not 

be useful in every situation. For example, when normal civilian traffic is heavy, it Is unlikely 

that the movement of insurgents can be detected unless, perhaps, civilian traffic is largely con-

fined to daylight and guerrilla movement takes place at night, 

The use of remote sensors for border control has a significant advantage over other methods 

in that, ideally at least, the existence of the sensors is secret, Thus if sensors are implanted 

only along portions of the border whore heavy guerrilla traffic is suspected, there should be little 

tendency for guerrillas to avoid this region as they would if fences and patrols were used in such 

a limited region. Similarly in Jungle areas, where progress off trails is slow ard laborious, sen-

sors may be needed only on or near trails, and in mountainous regions only areas of easy access 

need be covered. If it is found that the secrecy of implanted sensors makes a partial coverage 

effective, the average number of sensors required per linear mile of border is significantly re-

duced. 

Information obtained from sensors along national or regional boundaries can be used in three 

general ways: immediate response, local intelligence, and central intelligence. In the case of 

aircraft-interrogating sensors, immediate response involves decision and action by the pilot (or 

observer) in the interrogation aircraft. The pilot familiar with the normal responses of the 

sensors over which he Met; can respond to an unexpected detection iiignal by conducting a visual 

search along the probable path of human beings who might have triggered the sensor, or by notify-

ing the ground by radio so that a patrol can be sent out. The data collected can be used after the 

interrogation flight by local intelligence to determine the nature of normal and insurgent traffic, 

and to take action against insurgent groups. It may be noted that because of the slow rate of pro-

gress of men on foot, sensor information (particularly if acquired in depth—that is, by successive 

lines of sensors) may permit contact with insurgent bands even if it is several hours late, Finally, 

data acquired on interrogation flights can be used in a central intelligence agency to map traffic 

patterns, determine the correlation of suspected insurgent traffic with insurgent activities, and 

correlate sensor data with intelligence information from other sources to build a coherent picture 

of insurgent traffic in the vicinity of the border, 

2.2 REGIONAL SURVEILLANCE 

In addition to use as an aid in border traffic control, it is believed that an information-gathering 

system incorporating small emplaced sensors has applications in conducting regional surveillance. 

Thus sensors implanted along trails and possible guerrilla routes in an area where guerrillas are 

knovm to be operating could provide information on routes and habit patterns which would greatly 

assist in setting up ambushes and in taking other military action against insurgents. The cost of 
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covering an extended area with sensors can be controlled by installing the sensors only along trails 
and other probable insurgent routes. However, a considerable expense for sensors could be toter-

ails; a ihey were enective, oecause of the difficulty generally experienced in making contact with 

insurgents. It is stated that in Malaya an army or police patrol might spend thousands of man-

hours of patient work to get one shot at one bandit. 2  It US also been stated that during periods of 

reduced or dwindling guerrilla strength it becomes more and more difficult to make combat contact 

with the guerrillas. Thus, military operations become economically unproductive in simple terms 

of the dollars spent to support the combat forces in the field compared with the number of insurg-

ents killed or captured, 3  This great expense of manpower might be considerably reduced by em-

ploying remote sensors as sentries capable of keeping track of insurgent movements. 
A possible variation in the employment of these sensors may be mentioned, It appears pos-

sible to make very short range interrogation equipment small enough to be carried by a man on 

foot. Thus It might be possible for a patrol to interrogate sensors for signs of insurgent move-

ment and activity. For example, if an airplane interrogated and reset all the sensors in an area 

at dusk, a petrel early the next morning could easUy determine whether or not a particular trail 

had been used during the night; in areas remote from normal traffic, in areas where a curfew has 

been established, or in areas where there is normally very little civilian traffic after dark, this 

might provide very valuable information, 

2. 3 AMBUSH ALERT 

It 'teems that the basic problem in ambush prevention is the detection of guerrillas hidden along 

the edges of the road. It is suggested that if sensors were implanted at frequent intervals along a 

road—at least in arias where an ambush might occur—they might provide the required detection 

capability. For example, an interrogation airplane might fly along the road at night and reset all 

the sensors. A flight at dawn would indicate which sensors had been alarmed during the night and 

hence, suggest areas which were probably clear of guerrillas and those where guerrillas might be 

expected. Another procedure would be to fly along the road ahead of the convoy to interrogate and 

reset the sensors, and use a truck with interrogation equipment just ahead of the convoy to de-

termine points along the read where human activity had occurred. These techniques require that 

normal foot traffic along the road be very light at times and places where the insurgents are pre-

paring an =hush. It is believed that in parts of the world where the civilian population is actively 

cooperating with the government this condition is neceeeary for a successful ambush, and also in 

many other regions ambushes must be laid at night when normal traffic is very low, 

3, UTILITY OF KNOWN SENSORS 

The following assumptions and constraints on possible sensing devices can be inferred from 

the operational uses discussed above, Due to the operational nature of the problem discussed, the 

emplacement of the sensors as well as their operation must be covert. The operation of such 

sensors, especially in remote areas, must be unattended; the sensors must have a self-contained 

power supply and must operate reliably under variable climatic conditions for long periods of time. 

It is desirable that the devices under consideration be able to discriminate human beings from 
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other targets (animals, etc.) so that the false alarm rate is low. However, it is assumed that 

actual identification of detections as enemy personnel can be inferred from other operational con-

siderations such u the known disposition of innocent traffic, time of interrogation, duration be-

tween interrogations, site of sensors, and other pertinent intelligence. 

Acoustic, infrared, and seismic devices suggest themselves as possible candidates. They are 
considered, in Um, below. 

3.1 ACOUSTIC SENSORS 

Two possibilities exist for the detection of human beings with an acoustic device: the detection 

of human speech, and the detection of other sounds produced by motion or activity. Human speech 

has a distinctive signature, and it is possible that a. simple automatic recognition device might be 

developed to take advantage of this. This possibility is not considered here, since the dependence 

on speech for detection appeare undesirable becau.se of the likelihood that guerrillas (especially 

Individuals or small groups)may be sUent when they cross the line of detectors. Hence it appears 

that reliance may have to be placed on detecting other sounds of human activity. 

No data has been found on the sound levels to be expected from manmade sounds essociated 

with movement in jungles, and so detection ranges are difficult to assess. However, some calcu-

lations have been made on detection ranges associated with conversational levels of human speech.4 

It does not appear entirely unreasonable to assume that these two sources are of the same order of 

magnitude. If this assumption is made then detection ranges of about 75 feet might be expected. • 

No actual measurements appear to have been published to support or dispute this calculation, al-

though the recently completed ARPA-sponsored measurements in Thailand8  should provide more 

precise estimates. During the study no information was discovered to suggest that acoustic devices 

exist at the present time which embody automatic discrimination techniques for identifying non-

speech man-made signatures. Therefore, acoustic sensors without continuous monitoring by he roan 

interpreters appear to be impractical at the present time. This implies that they must be provided 

with a transmitter to relay their data to a monitoring station continuously or with recording equip-
ment which would transfer the recorded information upon interrogation. In both cases because of 

the continuous nature of the collection information the systems require uncilsirably large amounts 

of power. 

3.1 INFRARED 

Various infrared devices can bc considered for intrusion warning; these may be passive or 

active. Passive intrusion warning systems generally detect the motion of a human being within the 

field of view of an optical Hystem by responding to short-term changes in the received radiation. 

They do not appear attractive as long-term unattended personnel sensors for a number of reations. 

Changes in the general radiation level from day to night may force rebalancing of the system; such 

systems cannot discriminate between animals—or sometimes motion of vegetation—and human 

beings; they are line-of-sight devices and require mounting above the ground, and thus are difficult 

The 75 foot value arises from speech levels of 85 cib at 9 ft., a masking level of 20 db, terrain 
absorption coefficient of .05 db/foot, and an assumed detection signal-to-noise ratio of 15 db. 
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to conceal effectively; they generally have limited fields of view; for operation at ;light the 1u415-

wavelength region must be used and the uncooled detectors available for this region are slow and 

not highly sensitive. 

Typical of such devices is the "Turnstile" intrusion detector, originally developed for the Air 

Force. This detector has a field of view of 60  x . The detector head weighs 1 pound; a battery 

pack capable of operating the detector for 4 months weighs 8 pounds. Uncooled detectors are used; 

the maximum range of this device during the hours of darkness is 90 yards for personnel. Because 

of the various disadvantages enumerated above, passive infrared devices appear to have limited 

utility as implanted personnel sensors, but perhaps warrant further investigation. 

Active personnel detection systems use a transmitter and receiver operating in the infrared 

region to duplicate conventional "electric eye" techniques. Such systems would be expected to find 

principal application in regions where traffic is generally confined to trails, although they can be 

used over greater distances in open terrain, where unimpeded lines of sight exist. Such devices 

offer the possibility of providing an accurate count of traffic. 

The apparent limitations of such devices are the difficulty of concealing two units which must 

be above ground and of having an unobstructed line of sight between them, and the lack of discrimi-

nation capability which may result in counting birds or animals. Also, weather —rain, fog, and 

perhaps steaming vapor from terrain—may severely limit the operation of such devices, However, 

some investigation of the severity of these problems appears warranted. 

3.3 SEISMIC 

Walking sets up vibrations in the earth which can be detected some distance away from the 

footsteps. The basic problem encountered in personnel sensing by seismic detectors is the dis-

crimination of personnel from animals, vehicles, and natural occurrences such as wind and asso-

ciated effects of tree roots moving, etc. A signature study conducted by Melpar, Inc., for the 

Picatinny Arsenal6, 7  determined that it is possible to discriminate human footsteps at ranges of 

30 yards in clay soil by appropriate signal data processing:1  The main discrimination parameters 

are frequency, amplitude and time. Field measurements indicated lhat footsteps generate signals 

having dominant frequencies in the range of 20 to 30 cps. On the other hand, the dominant fre-

quencies of heavy vehicles are below those of footsteps and light vehicles, although the amplitude 

of vehicle signatures ls 2 to 500 times that of footsteps. However, footsteps produce a character-

istic pulse-type signal in contrast to vehicle signals which have relatively constant amplitudes. 

A typical example of seismic sensors is) one originally developed by Melpa.r, Inc., as a mine 

triggering device. It utilizes three discrimination techniques with major emphasis on the pulse 

nature of the footsteps signature. More study of automatic discrimination techniques is needed to 

define optimum solutions. The ARF (b)(6) measurement program in Thailand8  is ex-

pected to provide needed signature, background, and propagation data. 
Ass .' 

4. IMPLANTING PROBLEMS 

Emplacement of the sensors by foot patrols is naturally the most desirable mode. However in 

cases,  where an area is completely under insurgent control then access by foot patrols is infeasible. 
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The only other alternative then is to air-drop the sensors, Air-drop of aensors poses several 

problems: if the sensor Is dropped with a small parachute it may well hang up CM the foliage of the 

jungle canopy, which might not be the meet suitable position tor tile oetector; the use ot sputes may 

not be feasible since vegetation will deflect them and cause them to land in undesired positions and 

not with the proper attitude; impact shock at landing may pose severe structural design require-

ments for the sensors; even finding the right trails from the air especially at night may be extreme-

ly difficult. It is eaS y to see that air drop poses many potential problems. It is not clear, however, 

that these cannot be surmounted. In view of its obvious value when planting sensors in enemy oc-

cupied territory a program to further investigate air drop capability would appear worthwhile. 

5. INFORMATION GATHERING CONSIDERATION 

The information which is obtained by individual implanted sensors must be made available at a 

central point for interpretation and subsequent use. Three possible modes of transmission appear 

possible: wire lines linking each sensor with a relay station or the central; ground to ground radio 

networks; and airborne interrogation. 

Wire lines appear undesirable for a number of reasons. Laying wire networks on the ground 

In the jungle or in rugged terrain may be difficult. The operation of laying wire from the air and 

connecting it to sensor and relay stations on the ground would be hard to conceal. Furthermore, 

discovery of even one wire leg would be sufficient for the enemy to discover and destroy the entire 

system by following the wire network link by link. 

For the ground to ground radio network system, if we assume a 1-watt transmitter and a re-

ceiver sensitivity of the order of -70 dbm for an adequate output signal-to-noise ratio the permis-

sible path lees for communication cannot exceed 100 db. Free-space path loss calculations using 

unity-gain antennas give a working range for this path loss of about 20 miles at VHF. However, 

recent experimental work (" 6) in Thailand shows that the path lnss under jungle 

conditions is considerably greater and the corresponding working range therefore drastically re-

duced. Specifically this data indicates that for vertically polarized antennas, when both the trans-

mitting and receiving antennas are located close to ground level, the path loss may be expected to 

be 100 db at 0.2 miles. If one of the antermas is near ground (7 feet above) and the other 40 feet 

above the canopy (for 40 foot canopy) a 100 db path loss is experienced at ranges of 0.35 miles for 

100 rtic and 0.6 miles at 50 mc. Finally, if both of the antennas are placed 40 feet above the canopy 

the path loss at 2 miles will be 103 db for 100 mc and 94 db for 50 me. Thus pith losses under, 

through, or over the canopy are much greater than free-space losses, and cummunication between 

points near the ground is much worse than between points above the canopy. 

On the basis of these figures, it appears that if the sensor antenna and the receiving antenna 

are near the ground and are simple enough to be concealed, radio transmission of sensor data is 

not feasible in forested-and rough terrain. 

Even if it were possible to locate the antennas on top of the canopy, the use of relay stat At 

2 mile intervals results in a great number of relays, greatly adding to the Installation And .11.11-1ei 

ance problem beyond that required for the sensors themselves. 
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Neither wire nor ground radio networks appear to provide practical and secure communication 
with distributed remote sensors. A third possibility which offers greater promise of feasibility is 

the radio interrogation of the implanted sensors from an airriana, 

The airborne interrogation of remote implanted sensors requires the addition of a traffic counter 
and a coded tralliPoncler which. when inturogstati with the proper cede, transmits data concerning 

the stored cowl of traffic. The process of interrogation resets the traffic counter to zero. Inter-
rogation Is accomplished from an airplane which flies at low altitude along the line of sensors. A 
record is kept in the airplane of the sensor responses; this information can be transmitted to the 
ground immediately via the normal aircraft communication equipment, or the record can be analyzed 
at the conclusion of the flight. 

The transmission from the sensors in any such system could be prefixed with a sensor address 
code so that the sensor which is reporting can be known without ambiguity. For example, if the 

sensors are located at an average distance of 0,2 miles apart, a coding system with 256 individual 
codes will place sensors with identical codes am:vain:Lately 52 miles apart. The transmission range 

of the aircraft transmitter could easily be restricted below this value to prevent identical sensors 

from being triggered simultaneously; 
.
and yet be adequate to cover aircraft navigation errors. 

6. SYSTEM COSTS 

The cost of using implanted sensors and an airborne interrogation system includes the cost of 

the sensors themselves, the coat of the aircraft and airborne equipment, the cost of the manpower 

(and equipment if necessary) for implanting the sensors, the cost of the crews and operators for the 

aircraft and interrogation equipment, aircraft operating costs, and the cost of men and equipment 

for data processing and analysis. In considering the cost of implanting the sensors the nature of 

the terrain and the tactical situation are critical. These factors determine the number of sensors 

needed, the distance they meet be carried, and the amount of firepower required for the protection 

by the implanting patrols. The cost of crews and operators for the aircraft and interrogation equip-

ment depends on the design of the interrogation equipment and on the interrogation frequency. The 

men and equipment necessary for data processing and analysis cannot be determined until the amount 

of data obtainable from implanted sensors has been analyzed in the field. Therefore, it appears that 

at this initial stage all that can be done is to estimate on an order of magnitude basis the costs of the 

individual sensors and the airborne equipment. The best basis for estimating sensor cost appears 

to be the existing seismic personnel sensor manufactured by Melpar, which costs about $100 in lots 

of 1000. it is estimated that the three to five times more complicated sensor required for the pres-

ent system can be produced for about $300-$500 apiece in large quantities. Only a guess can be made 

as to the cost of the airborne equipment. It would appear simple enough, that the cost of an instal-

lation is unlikely to be significant compared to aircraft operating costs. 

7. CONCLUSIONS 

In summary we can conclude: 

1. Implanted sensors will probably prove to be tactically useful in the monitoring of 

traffic across national borders, in the control of traffic in local regions, in the 
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detection of insurgent activity within regions, and in the prevention of highway 

ambushes by insurgents. Their use depends on the level of normal traffic; they 

may be expected to be of special value in obtaining intelligence in remote areas 

where there is little or no normal traffic. 

2. The most promising sensors at present are seismic detectors which detect and 

recognize personnel within a range of about 30 yards by the distinctive nature 

of human footsteps. Acoustic sensors do not appear to be satisfactory because 

the absence of a distinctive signature requires continuous monitoring of the 

sensor output. 

3. Both ground to ground radio and wire lines present major problems when used 

for transmitting data from implanted sensore back to a central station. The 

principal shortcomings of wire lines are the difficulties of laying wire and the 

vulnerability of the whole system to a single discovery of any portions of the 

lines. The principal shortcoming of ground to ground radio is the very short 

ranges that can be achieved with concealed antennas in the jungle. Even under 

good conditions, rather complicated radio relay nets would be necessary. 

4. The interrogation of implanted sensors incorporating a simple counter and 

memory from an airplane which flies over the line of sensors appears to be 

a practical data handling procedure requiring relatively simple equipment. 
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RUBIDIUM VAPOR MAGNETOMETER 

usTs IN THAILAND 
lA-fook.,Na 

Military Researuh & Development Centre, 

Bangkok. Theiland. 

An  
(Unclaasified) 

This paper is a short summary of work completed during 1965 by staff of the 

Coll/age of Engineering, Chulalongkorn University, the Stanford Research Institute's 
Bang.kok Field Office, and the Military Research.and,Development Center. 

The rubidium vapor magnetometer was tested to determine whether its use would 

enable detection in Southeast Asian areas of: 

1. Caches of buried weapons, or other military materials containing steel, 
and 

2. Tunnels in iron rich soils. 

In general, it appears that under favorable conditions, the magnetometer will 
allow search rates of about 16.000 to 22,000 square meters per hour for a detection 
probability of about 852 against one to six.rifles. • 

Inexperienced personnel have achieved search rates of about 2000 to 3000 
square meters per hour against a range of targets varying from a sten gun to a 50 
gallon drum and achieved a detection rate of 652 

1. INTRODUCTION 

1.1 ALOAgyound 

Insurgent forces have frequently buried weapons, canned food and other 
military equipment so as to ensure a secure supply for future operations. In other 
cases. weapons are hidden in the roofs or walls of huts, under the floors, or even 
in hollow trees. 

Weapons are frequently transported by insurgent forces in barges where they 
might 11) hidden beneath large quantities of rice, in trucks carrying various 
materials, or in bullock wagons. 

For a counterinsurgency force, the control of weapons and their distribution 
is of great importance, and so the development of a means for detecting hidden 
weapons has become a necessity. 

It is obvious that weapons contain aprreciable amounts of steel. Experience 

tells um that many food or medics/ supplies buried underground are usually first 
placed in steel containers for protection. It thus appeared reasonable to test 

passive magnetic methods as a means of detecting these target types. However. the 
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degree of background variation which might be present was unknown. 

Ancther .,trot!:= tt:: =any Azi4n ...f I; 
gamma-hematite which is an iron rich mineral of high magnetic susceptibility. 
Burying steel in such • material would probably result in attenuation of the 
magnetic anomaly. 

An associated problem is that of tunnels, for which no fast, reliable method 
of detection exists at the p eeeee t time. Hare, the problem of high magnetic 
susceptibility has more favorable aspects--a void in such a soil right itself 
produce a measurable magnetic anomaly and so enable the detection of tunnels if 
natural spatial variations were not excessive. 

With these aspects in mind, Stanford Research Institute made preliminary tests 
at Calaveras, California, in late 1964. The rubidium vapor magnetometer was used 
to measure the magnetic anomaly produced by • cache of about 10 rifles at 3 meters 
depth. The results were quite promising and a proposal to test passive magnetic 
systems for the detection of tunnel, and buried steel was subsequently raised. The 
project was assigned to the Military R h and Development Center who negotiated 
a contract with this College of Electrical Entineerine, Chuladonekorn University, 
Bangkok, for data acquisition, reduction, and analysis. 

Further analysis has been done by personnel of the Military Research and 
Development Center. 

1.2  PAItc.A.Lv..!1. 

The objectives of this series of tests were to: 

I. Examine the feasibility of using the rubidium vapor magnetometer in South-

 

east Asian areas for tha detection of, firstly, cached arms end military 
equipment of a ferrous nature and secondly, tunnels in iron bearing soils; and 

2. To determine the desirable specifications of an operational version of the 
instrument. 

It was expected that the information gathered would be suitable for the 
ment of other passive magnetic detection systems. 

1.3 Scope 

The scope of the tests included the measdrement of spatial variations of the 
earth's magnetic field over sites scattered through Thailand, and measurement of 
the magnetic anomalies of what were considered to be typical targets. A simulated 
searcn produced indications of the capacity of inexperienced personnel Co use the 
instrument. 

2. DEWIPTION Of TkE RUBIDIUM VAPOR 1ACNET0IETER 

Two versions of the rubidium vapor magnetometer produced by Varian Associates, 
Incorporated, were used: 

1. A modified V-11938 magnetometer ince.porating a paper tape analog recorder 
was used to obtain a permanent racer? of spatial variations. 
figurA_1  illustrates the readout and analog recorder. 
Lau.r_t_i illustrates the portable sensor and sensor electronics units which 
are mounted on a staff and carried over the area to be measured. 

2. A portable version using the same sensor ond sensor electronics units, but 
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Figure 1 - Magnetometer 
Readout and Recording 
Unit 

Figure 2 - Sensor and 
Sensor Electronics Unit 
(Stationary Oscillator 
is visible in the background 
above the operator's left 
wrist) 
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Figure 3 - Portable audio 

version of the rubidium 

vapor magnetometer 
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utilitine only an audio output was used during • simulated search. (See  

z.i r_Liqcipke of Oper•Wan 

The rubidium molecule has a natural frequency which is associated with the 
valence electron. Change; in the ambient magnetic field produce an interaction 
effect between the tagnetic moment and the angular morantum of the electron. This 
results in • change of the natural frequency which is measured by means of optical 
pumping and monitoring techniques. Measurement of the changes in frequency 
associated with the valence electron, thus gives a record of changes in the amblent 
total magnetic field. 5 

2.2 Peecription  

The instrument used for data acquisition was the Modal V-4938 magnetometer ; 
consisting of five basic components. The firet two, the sensor and sensor 
electronics units together comprise thc rubidium oscillator end ars mounted on a 
five foot staff and joined by • multiconductor cable. 

The output of the oscillator runs to • third component, the readout unit via 
a 200 foot length of cable. (This cable also carries power to the oscillator.) 
The output is fed to the fourth component, the 'melee recorder, which produces a 
permanent record of magnetic field variations. A four stroke motor driving a 
generator comprised the power source. 

The output of the portable oscillator can be compered with that of a crystal 
oscillator which is not subject to changes of magnetic field. If this is done, 
temporal as well es spatial changes in the magnetic field will be included in the 
output of the analog recorder. The equiptLnt is said to be operating in the direct 
mode in this case. 

Alternatively, the portable rubidium oscillator output can be compared with 
that of another remote rubidium oscillator which is stationary. Both oscillators 
are thus subject to virtually the same temporal changes. The difference of these 
two outputs is thus a result of only spatial thangel in the magnetic field. This 
arrangement to referred tons the differential mud.. 

The portable audio version used in the simulated search has no readout or 
analog recorder and utilizes batteries as a power source. The output takea the 
fort of an audio tone (adjustable) which is fed to the operators headphones. The 
operator must thus interpret changes in the frequency of an audio tone as changes 
in the magnitude of the ambient total magnetic field. The unit operates essential-
ly in the direct mode. 

The weight of the sensor and associated equipment is 11 pounds, and that of 
the battery pack used to date is 19 pounds, producing a continuous operating 
battery life of six or seven nours. 

2. 3  .g_tYLtEtk 

It is important cc recognize that the magnetometer measures changes in the 
magnitude of the total magnetic field. 

Another point wortily of vention is that the axis of the sensor must be 

inclined at a vertical angle of 45 degrees to the direction of the field for best 
signal to noise ratio. However, variations of at least plus or minus 15 degrees 

sr. quite acceptable. Also, the axis of the sensor should not deviate from the 
north-south direction by more than about 15 degrees. These limitations have 
presented no major problems in tests, but will probably do no when dense vegetation 

La present. 
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Most traverses were made in the north south direction as this allows the 
operator to hold the staff more easily across the body. The staff can ba held with 
olba AwAm Iwww.I.A. 41... w400111 ...._-,...,  
be made in other directions. 

3.1Am' 

Using the magnetometer in either the direct Or differential mods will iesult 
in magnetic anomalies, the amplitude of which should bear an inverse cubic rela-
tionship to the nearest approach distance for horizontal targets aligned north and 
south. The Shape of the anomaly is shown in Fkeatt_ii. Note that the distance 
between peaks ls 2.5 times the nearest approach distance. 

When vertical targets are considered, the same sore of relationship applies 
between signal amplitude and nearest approach distance for traverses along specific 
planes. This is shown in ElLtam 5, and the diaCanc• between maximum and minimum 
values is about equal to the n aaaaa t approach distance. 

It can be seen that the shape of the anomaly is different for both these 
targets. further, the distance over which the anomaly occurs can be taken as A 
measure of slant range to the target, and signal amplitude can give some measure of 
the magnetic moment of the object. 

Tests were carried out using north south traverses and most targets were align-
ed north south, but some were vertical. Tests on other orientations were not made. 
Clearly, more work on other terget orientations is required, but it seems safe to 
assume that a north south traverse over a target aligned with the earth's magnetic 
field should give the largest anomaly. 

4. TEST RESULTS 

4.l Buried Ferrous Materials  

During tests the sensor staff was held at waist level; however, several 
operators carried it and so the sensor height above ground level has varied. 
Essentially, the height of the sensor was about 70 centimeters above the ground an 
this height has been assumed for most calculations. Uguret,6 illustrates some 
measurements made with a steel rod of 65 centimeters length aligned horizontally, 
north and south. The vertical strokes indicate the extent of probable error in 
measurement of nearest approach distance. The measurements of the peak to peak 

amplitude of the anomaly were made along north-south traverses over a range of 
nearest approach distances and with three different depths of burial—on the 
ground, at 75 cm depth, and 125 cm depth. 

Readings of anomaly amplitude appear to follow the inverse cubic relationship 
with distance when each individual test is considered. However, depth of burial 
appears to have some effect on this relationship. The signals from the rod on the 
ground seem to be proportionally lower than those of the other tests, implying 
either that the soil susceptibility has some effect, or alternatively, that the 
magnetic moment of the bar had changed. The latter explanation is chosen since the 
soil susceptibility at the test site was very low. Measurement errors cannot 

explain the difference's. No special preliminary alignment of the bar was made 
prior to the test and so this appears to be • reasonable assumption. Operational-

ly, targets might be assumed to have been in position for long periods and so the 

largest magnetic moments have been chosen as what might be representative of north-

south aligned targets. 

352 



A
M

P
L

IT
U

D
E

 in
 -6

-

 

W
A

VE
LE

N
G

TH
.

 =
 2

-8
x 

N
ea

re
st

 A
pp

ro
ac

h 
D

ie
s
 bc

e 

A
M

P
LI

TU
D

E
 =

 

6R
 

A
M

P
L

IT
U

D
E

 C
rtN

ee
 

 
n

e
t A

pp
ro

ac
h D

Is
ta

lc
: 

F
IG

U
R

E
 4

 H
O

R
IZ

O
N

TA
L 

D
IP

O
LE

 
A

LI
G

N
E

D
 N

—
S

 

.0
.•

••
 

14
19

09
4

41"
,IN

VP
,0

*,
,,f

1,?
, 

, 
•

• 
..
..
. 

••
 Y

..
..
. 

• 
• 

t.)
 

A
 

••
••

• 
••

••
••

••
••

••
••

••
••

, .
.t

e
r0

.1
•1

 D
z•

g•
Z 
e

la
ta

n
ra

ll
 g

le
a
ti

fi
g

re
a
ll
W

a
ri

M
a
iR

M
 

• 
- 

- 
m

o
m

m
e

e
m

ili
m

ie
m

e
a

u
m

o
M

M
II

II
II

d
 



1 

•••••••••••••11.0.0 Nuaineur aniona ctinabanyintillaiiint 

ON PLANE 0, 

AMPLFUDENewestApproach rattance3 
I.

 

1. 
WAVELENGTH = Nearest Appmach Distance 

FIGURE 5 - VERTICAL DIPOLE 



I 

10 

   

e 

=MIMI 

• ROD AT 125 cmDEPTH 

• ROD AT 75 crn DEPTH 

• ROD ON GROUND 

 

e a 

I. 0 10 100 3000 

  

SIGNAL AMPLITUDE gamma 
Figure 6- STEEL ROD 

.........a..--aaaaaecaleteletlarinnalLEVALMEIMMIthalerrit 

immemnial 



calk. 

A similar preolem was noted with • model sten gun ;figure I). Other items 

tested for response wore 4 gasoline cans, a 50-gallon drnm and 10 gasoline cane. 

In all cases. the measurements were conaiatent with I...v..  

ship between signal amplitude and nearest approach distance. The tignals of all 

these targets were typical of a horizontal dipole aligued north and south. 

The nest step was to determine whether target steel mese could be incorporated 

into the relationship. Figure  8 shows such an attempt over the range of steel 
target weights considered during tests. Plotted with nearest approach distance as 
the vertical logarithmic axis, and target steel weight as the horizontal logarith-

mic acts, lines of equal amplitude are linear over the ranges considered. Other 

data is also included. 

The next step was examination of wavelengths. In some cases traverses were 

not long enough to detect the minima, and in others alignment of traverses to 
determine background variation and target reaponse were not always the same. Thus 

f measurement are present. However, Figure 9 illustrates the relationship. 

Over typical detection ranges, it seems reasonable to assume • value of 2.75 for 

the ratio of wavelength to t approach distance. 

Plotting the responses of 20 kilograns of scrap metal (mostly steel) and of is 

vertical iron rod, the amplitudes were much less than for equivalent m###.# of 

steel giving horizontal dipole responses. There was support for the suggestions 

from theory that the wavelength was equal to the nearest approach distance and that 

signal amplitude was inversely proportional to the cube of the nearest approach 

distance. 

The assumption of different magnetic moments at various times of tasting was 

supported by other tests. The iron bar was left in position for one week and then 

measured. The amplitude recorded was considerably greater than in Other cases 
where no special previous treatment had been given the rod. Further, rotation of 

the rod through 180 degrees showed that the anomaly on reversal was much swelter 

than that existing prior to rotation. lagnetiC moments thus do alter, 

Immediately after installation of targets for the simulated search, a traverse 

was made with the recording version of the magnetometer. Targets incILded gasoline 

cans, oil drums, model rifles. 4 model sten gun and a model machine gun. The 

responses obtained were compatible with all previous deta. 

4.2 ty_nnel_a_tietiqn 

Two series of test. were made to determine the feasibility of detecting 

tunnels by passive magnetic means. 

The first attempt involved digging two tunnels in an east west direction into 

a cutting (Figure  10) at Prachinburi. Traverses were made in a north south 

direction over the tunnels. However, it rapidly became evident that the natural 

background variations were large, and that any variations in the vicinity were not 

necessarily due to the presence of the tunnels. 

The second attempt involved the selection of two relatively quiet aaaaa in the 

background measurement area at Prechinburi. These areas were again magnetically 

surveyed and differences noted. At some points, significant differences were 

found. however, the differences could have been easily attributed to the errors in 

measurement involved in making traverses in rapidly changing magnetic gradients. 

(lIklure Wend 12). It is possible, h  , that the difference of about 15 gamma 

amplitude along the edge of the pit forming the entrance to the eaat west tunnel 

was due to the pit. The tunnel appeared to produce no measurable anomaly. 

The soil at the Prachinburi site had one of the highest magnetic ausceptibi-

lities encountered during the tests. As such, • tunnel dug in this soil should 

356 



10 1-0 100 1000 

4114^-  

1,1 111MPIMPWWIMMtliceiWrgefiRAPTP9PWRITI1 4(144..AMIlf4r 4 4••• a. • ..74. •4.44,4,4.41.44ir.a.• ••••••••••••••• . - 

--„,. 

---+-,_ '------, 

-.-

  

4, GUN ON GROUND 

il GUN AT 50cm DEPTH 

  

SIGNAL AMPLITUDE gamma 

Figure 7 STEN GUN MODEL 

••••• 
...i.IMaeilbftaaWiljINNMMIMMIIPMIMMMNNIMIIIIIIar • 

al.011101111 11 
 ..•••• waft.. 1.......4010• • 

10 

01 

-4 



• A . • 

1 1 I e l  11 I 1P111 t I PIP r s r • • • • • • . 

Steel em
i
r 

Sten GUM 4 Gat! 
I ; 

C.ens 

50 ge41 
drum 

i 

u 

10 gaecttrut 
H 34 

 

ton treck 
1 
c) 1 gamine 

_..0 tO grunt, ic 

• 

. 

o ..; 

.: 

o 
o 

.. o 

  

C)100gamr in 
t 

Signal 
Amplitude 
( S gamma) 

10 

10 100 ,co 

TARGET STEEL WEIGHT 

.3 0.76 
Empirical Esuation is SR= 133 1VI 

Figure 8- Target Responses And Other Data 

( M Kilograms) • 

• 



fJI 

NEAREST APPROACH 
2 

DISTANCE Rmeters 

3 

Alinonsprimelommas 

17 

lign inIMIMMIPPOPOPPRIW,Weri4N-HIW 101VAPAst 

+ STEEL BAR 

o STEN GUN 

✓ 10 GAS .CANS 

0 2 . 3 4 5 

nWAVELENGTH. X meters 

FIGURE 9- "WAVELENGTHuTO RANGE RATIO 



1 

Figure 10 - First two tunnels 

constructed at Prachinburi 

(Tunnels are 1.2 niters high, 

0.8 staters wide; overhead 

cover is one and two asters) 

360 



Figurell- Magnetic Field Contours 
Without Tunnel 
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Figure12- Effect Of Tunnel 
Scalar Magnetic Field Differences 
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produce • large magnetic signature compared with that produced by a tunnel in a 
soil of normal magnetic susceptibility. This effectively rules out the possibility 
of detecting sten ty tuan•ls by • 4 a • i _ 1 ,-  , , ,... . 
00000 rch is considered. Tests in Thailand and elsewhere indicate that the higher 
the ,oil susceptibility becomes, the greater is the probability of large background 
veriationa being present. Analysts suggested that any signal from the tunnels was 
lass than 2 or 3 gamma in amplitude. 

One hope remains--that is where tunnels are dug in a soil of high magnetic 
Susceptibility but of low "noiseinesa"-- that is where spatial variations are very 
small. Such a situation might occur in the soft laterite soil*, but no tests have 
been conducted in this type of soil to date. The soil At the Prichinburi sit, was 
classified as s reddish-brown lateritic soil. The laterite present was not the 
soft variety but the hardened, nodular form--iron content was approximately 10 per-
cent by weight. 

4.1 Beckgrotild....aiLlatEskia 

The effect of background variation on detection ability is not yet clearly 
understood. However, sufficient data has now been gathered on the nature of the 
background variation and target signalS to enable thie to be done in an acoustic 
laboratory. Such questions aa: 

"How does a man distinguish a possible target signal from background 

variation?" and 

"Does ha use amplitude of change, or time rate of change of signal?' and 

"What can a man detect in a steady magnetic gradient?' 

are questions which cannot yet be answered with certainty. 

The simulated search (discussed later) indicated that at walking speeds of 

11<m/hr, and experienced operator might be able to detect a change of 1.7 gammas per 
meter and should be able to detect a change of 6 gammas per meter. On this basis, 

the sites have been placed into three groups which might indicate what sites are 
favorable for weapons detection. (See Table :). Where steady gradients were 
present over the site it was assured that this would not greatly effect the problem 

of detection. 

It can be seen that generally, latosols, lateritic and podzolic soils are more 
unfavorable than other soils. Of 23 sites tested, 13 are favorable, 7 partly 
favorable, and 3 quite unfavorable for the detection of buried weapons. 

Som., large concentrated magnetic anomalies which would certainly have resulted 
in digging, were found at various sites. 

1. At MESS test site 35 at Sattahlb, an anomaly of 180 gamma peak to peak 

amplitude was found. It was aimilar to that which might be crested by a b 

steel dipole at 1-1/2 meters depth. The anomaly was recorded on a large low mound 
about 8 motors in diameter and one meter high. The mound may have been caused by 
a termites' nest having been ploughed down by a farmer. 

2. At Prachinburi, a concentrated magnetic anomaly of about 650 gamma 
amplitude was found. The anomaly was similar to that created by a steel vertical 
dipole with center about 4.0 meters depth. A hole was dug at the anomaly center 
to a depth of 4 meters without encountering any ferrous materials. However, the 

laterite in the area appeared to be within a foot of the surface as opposed to a 
meter at other parts of the site. There was also a pocket of soil of a different 

color, but similar texture present (See Figure 14), 

3. At Eareburi (HERS test site PD 255) a horizontal dipole respo-,ae of 
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FAVOURABLE 

1ANCE011 UNIVERSITY GROUNDS 
KMON USN TS 12 
SONCEHLA TS 41 

NAKNOW SANAS TS 17 
ANPIRT FOREST SITE 

RUA HIM BEACH 
GUIENOMAI PD 241 
CBANTABURI TS 42 
SARABURI TS 25 
CHIENOMAI TS 5 
KHON KAEN TS 10 
NAKNON SAWA1 PD 251 
DONG KENG  

ALLUVIAL 
ALLUVIAL 
GREY BROWN PODZOLIC-.NONCALCIC 

BROWN INTERGRADE 
LOW RUNIC CLET-RENDE/NA TRANSITION 
NONCALCIC BROWN-.RED BROWN EARTH 

INTERCRADE 
SILICOUS PEACH SAND 
LOW HUMIC °LEY 
LED 'FELLOW PODEOLIC 
LOW RUNIC CLIff 
ALLUVIAL 
RED LATOSOL 
RED BROWN EARTH 
PROBABLY LOW RUNIC GLUT 

MAGNETIC BACKGROUND TEST SITES 

UKUSSLY CLA33111tO 

PARTLY FAVOURABLE 

  

PRANBURI TS 34 NON CALGIC BROWN 
SATTARIB 76 35 GREY PODZOLIC 
CHIENGNAI TS 3 RED YELLOW PODZOLIC-REDBROWN 

   

LATERITIC TRANSITION 
KHON KAEN PD 246 GREY PODZOLIC 
SONGIULA TS 46 ALLUVIAL 
SONCKULA PD 260 YELLOW LATOSOL 
SARABURI PD 255 CRUNOSOL 

UNFAVOURABLE 

   

RUA RIN TS 30 RED LATOSOL 
PRACHINBURT 

 

RED DROWN LATERITIC 
SONCKRLA TS 47 RED BROWN LATERITLC 

TABLE I 
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4 

Figure 14 - rontrasting soil 
colours found in region of 
650 gamins anomaly at Prachinburi 
(Left sanpla is grey, right sample 
redbrown) 
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115 gal.'s Amplitude WAS noted. 

1 

4. At Hue the OURS tear 411.41. TS 'Y.') coucencrared 

magnetic anomalies ware noted. They were nearly always associated with small 
(1 foot diameter x 1 foot high) termite nests. 

Wheu the megnecometer sensor Is held at ground level, the background varia-
tion is increased, but target signals will also be increased. Traverses at 
Prachinburi shoved that the amplitude of variations wore increased by a factor of 

1.7 to 2.7 at ground level. In this Case target detection would be easier with 
the sensor at ground level if the targets were buried at depths less than 1 to 3 
Meter'. 

4.4 Sjmuleted Seereh Reewlpi  

In early December 1965, an area of beach, 240 meter, long and 16 meters wide, 
was staked out and magnetic background meaeurments made. On the basis of these 
modes/cements, the site was classified as being favorable for target detection. 
Seven targets ware buried within the search area (targets and site aligned north 

south) and the target coordinates and depths recorded. 

After the targets had been positioned, • run with the audio version of the 
magnetometer was made by a person who had used it several times before. He had 
participated ia the siting of taraeta, so had • rough idea of where they were in 
the area. Pe felt that if he had not known where the targets were the result. 
would not have been very different. He located all targets except the sten gun in 
about 20 minutes, and with no false alarms. 

A search of the area was made r week later. The operators% consisted of: 

1. N1110 Royal Thai Army personnel who were given a day's instruction on the 
magnetometer and 

2. Three other personnel who had used the magnetometer but not the audio 
version used in the search. 

All personnel could be classed as inexperienced with the proviso that the 
last three had a good knowledge of how it operated. 

In all search efforts the operators were constrained to search along parallel 
lines marked 4 meters Apart. On detection of en anomaly, the searchers were allow-

ed to deviate from the line to fix the anomaly source. Searchers held the sensor 
staff at waist level or ground level as required. Results of this search are 
shown in Table 2. 

Coreidering the resulte for this range of targets under favorable conditional, 
inexperienced operators can search at a rate of about 2000-3000 square meters/hour, 

for a detection rate of about 651 and a false alarm rate of 1 per 5.000 square 

meters. 

The one attempt by an experienced operator under favorable conditions 

indicates a search rate of about 12,000 square meters/hour, for • detection race 
of 852 and a negligible false alarm rate. The search pattern was not designed to 

fully utilise the ability of the experienced operator. 

Fi_A-4-X_EL  16 - 20 illustrate most of the targets used during the search. 

The following estimates are based on the assumption that an experienced 

operator using the audio magnetometer can detect a change of 10 gammas/sec with a 

probability of unity, and 3 gammas/sec with zero probability. Experience has 

indicated that these figures might be fairly representstive of what can be achleved 

by an experienced operator working under favorable conditions. Under normal 
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SIMULATED SEARCd HUA KIN. DEC 65 

ttiexPERtEacep OPERATORS 

I— 
TARGET AND WEIGHT NEAREST APPROACH 

DISTANCE 
ESTIMATED 
AMPLITUDE 

40  OF ATTEMPTS 
TO DETECT TARGET 

No  OP 
DETECTIONS 

n 

DETECTION RATE 
T 

DRUM 22.7 KA 2.0 meters 151gasseas 11 11 100 

6 CAS CANS 24.5 Kg 1.7 230 10 9 90 

5 RIFLES 11.4 Kg 2.4 53 10 10 100 

MACHINE GUN 2.7 Kg 1.9 38 10 8 80 

2 RIFLES 4.5 Kg 2.3 29 10 6 60 

1 RIFLE 2.3 Kr. 2.2 21 10 2 20 

1 STN GUN 1.4 Kh 2.2 16 13 • NIL gIL 

NUg4ER OF FALSE ALARMS 

TAELE 2 



 === • 
- - • • 

- 

Figure 16 - Mod61 
Machina Cu 

Figure 17 - Model Rifle 

V-
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Figure 18 - Two model rifles 

Figure 19 - Five model 
rifles 

(Note arrangement 
designed to simulate 
stacking procedure 
used with reel weapons) 
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figure 20 - 50 gallon oil drum 
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meters 
meters 
meters 

6 rifles 3.7 
3 rifles 3.4 
1 rifle 2.6 

2.6 meters 
2.4 meter, 
1.8 meters 

conditions, it is also assumed that a man cannot hear a change of 3 gamma, no 
matter how fast it occurs. (Note that for rubidium 85. 1 gamma change id equiva-
lent to • change of 41 cps). 

The simulated search indicated that an inexperienced operator could not detect 
a abates of less than 4 gamma per second and could clearly detect a 12 gamma per 
Second Change (OperSting'fr6qUAOCy was about 300 cp.). One reason for the 
relatively poor performance of the inexperienced opetators was their very slow 
walking rota (something like 1 km/hr). It an experienced operator walked faster 
(say 3 km/hr) the same amplitude signals would become more obvious. 

5. ESTINAM_LS,I0 P SE CH MIES 

Figur_e_11 illustrates anomalies at various ziant ranges for a series of 
targets of 6 rifles, 3 rifles and 1 rifle lying in a north south direction. Detde-
tiou ranges are indicated. 

Assuming • burial depth of 30 cm and a sensor height of 70 cm, the detection 
ranges measured horisontally are as follows: 

Zero l!rofiebllitv .12ALLtr.o_lutkilisr. 

Assumidg a linear variation of probability of detection between these limits we can 
determine the detection probability for randomly distributed targets and various 
distances between parallel traverses. 

For the 'following targets, the likely detection probability and search rates 
are: 

Detection Probabiltlx Sear_ch_rase_m_21Lar 

6 rifles 
3 rifles 
1 rifle 

.85 

.85 

.85 

22,000 
20,000 
16,000 

These are essentially realistic figures for experienced operators working 
under favorable conditioak. 

Of the twenty-three Bites investigated in Thailand, over 50% had favorable 
magnetic conditions. Where dense vegetation is present, these search rates may not 
be obtainable. Where searches are made in villages the false alarm race may be 
greatly increased and search rate diminished. 

6. OTHER TESTS IN TlIAILAU 

A novel use for the magnetometer involved searching for a helicopter which had 
crashed and sunk in the Mekhong itijer near Vientiane. However, 8 knot currents, 
deep end turbulent water containing massive boulders, produced great difficulties. 
Natural anomalies of 600 gamma were common and previous teats had revealed that an 
anomaly of 45 gamma et 5 meters could be expected from the helicopter. The heli-
copter Val nor located but ttie sharp anomaly of l0 gamma produced by a long pipe 
fitted with grappling hooks led to the recovery of this item, which had been lost 
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by a group of Lao and Amerlcam searchers. 

In this search the magnetometer readout and recorder and other equipment was 
fitted in 4 fibareleas hn.P _ Z.t...4.64 Nucor, and the search sensor 
carried in a rubber dingy which was towed behind. 

Asother talit 4,911,44  learithing for laterite wells to 5 .posed umlaut 
turtild y.ser bong Kheng northeast of Forst. It was proved that laterite walls 
near the surface should be detectable. The sits was certainly an ancient township 
but the mound which suggested a buried city appeared to be a natural feature. No 
dividend., of laterite walla was obtained from the meenetomatir tests. It was 
interesting to note that blocks of laterite, weighing about 100 pounds, gave 
anomalies varying between 1 end 100 gamma at ranges of about 50 cos. 

Some people have sweated searching for truck. hidden under jungle canopies 
by use of an aerial meenstomiter. To test this concept eons measur manta wets made 
On the standard U.S. Army 3/4-7 truck. 

At ranges from the truck center of 4 meters, 14 meters, and 24 meters anoma-

 

lies of 600 g  plus, 30 gamma and 5 gamma respectively, ware obtained. Using 
a 'magnetometer, the tnverse cubic law holds and et a slant range of 40 meters, an 
anomaly of ome gemos results. These figures Cr. supported by other data, (Lee 
'tents f). It is considered that the detection range of 40 airborne scalar total 
field magnetometer is inc.aficient for the purpose of truck detection when jungles 
50 meters high ere involved. Stnce mott airborne magnetometers talcs the form of 
'radiometers, the situation is worse, since the gradiometer results in an inverte 
fourth power relationship. 

7. CONCINSIONI 

For target, of the sine of 6. 3 or 1 rifle search rates of 22,000, 20,000 and 
16,000 square meters per hour appear possible with a detection rate of 652 under 
favorable conditions. 

In favorable conditions, inexperienced operators have achieved search rates of 
2000-3000 square meters per hour for these target types with detection rate, of 
about 652 with a false alarm rate of 1 per 5000 square meters. 

Magnetic background. examined showed 572 were magnetically favorable, 302 
partially favorable, end 132 were quite unfavorable. One can expect thee. figures 
to be reduced in villages or jungled and mountainous arcs.. Fu-thsr testing of 
various configurations, end further knowledge on the subject of .coustic discrimi-
nation is required. 

The rubidium vapor magnetometer in it. audio form partly satisfies the U.S. 
Army requirement. Modifications to aliow weight rLduction and incorporation of • 
simple mercr to get visual readings of gamma variations will make it a more useful 
instrument. The magnetometer will apparently not detect tunnels. Use of a bone 
conducting earphone instead of the highly magnetic earphones used in the tests 
would also be advantageous. 

If comparison of the performance of the magnetometer with that of other devic-
es Le favorable, sufficient information is now available to proceed with the 
production of a prototype operational device. 
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BRIGADIEr GENERAL JOHN K. BOLES, JR. 

Brigadier General Boles is a 1939 graduate of West Point Military 
Academy. Commissioned in the Cavalry, he served with the 3d Armored 
Division in Europe during World War /1. He remained with armored 
units following the war until 1940, when he became a student at the Com-
mand and General Staff College, where he was subsequently assigned as 
an instructor (1950-19M). He 'attended the Army War College, graduating 
in 1955, and then was assigned to Germany to command the 6th Armored 
Cavalry Regiment and, two years later, to serve as G-3, VII Corp.. 

General Boles' close aseociation with the Ai my materiel effort beban 
In 1959, when he Joined tliv Office of the Chief oi Fusearch and Dr 11c,1-
ment, Department of the Army. Three years later he was assigned to the 
Joint Staff as Deputy and later as Chief of the Rsau qments and Develop-
ment Division, J-5, until his departure for Southeast Asia 1.1 Friuli:ay 
1964. He spent two and one-half years as Director of the Jot Research 
and Thst Activity and pa.rticipatea actively in combat operaticaa with the 
Army, Navy, Air Force, and South Vietnamese against the Viet Cong. HO 
was assigned, effective 1 June 1968, Deputy Commanding General of the 
U. 8, Army Test and Evaluation Command, a command responeiL.e for 
the test and evaluation of all items of equipment and mate1.1, 1 for the use 
of the Army in the field. 
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PROBLEnno OF PERFORMING RESEARCH AND DEVELOPMENT 
IN THE  

COUNTERINSURGENCY ENVIRONMEtiT OF VIETNAM (i)  
-feeettMeertiell 

  

  

  

Brigadier General John K. Boles, Jr. 
Deputy Commanding General 

US Army Test and Evaluation Command 
Aberdeen Proving Ground, Maryland 

Good afternoon, Gentlemen. I have been asked to address the problems of performing 
research and development in the Vietnam counterinsurgency environment. To address this 
specific subject, I can say very easily that there are very few problem. in performing research 
and development in Vietnam, because very little research and development of hardware is done 
in Vietnam. 

  

FIGURE I. JRATA INSIGNIA 

For almost 2 and 1/2 years I have been the Director of the Joint Research and Test 
Activity, or JRATA, in Saigon. We accomplished some studies, primarily through the 
Advanced Research Projects Agency - R&D Field Unit, and r little development, but our prime 
mission was to test and evaluate Army, Navy and Air Force hardware in the combat environ-
ment of Vietnam. It is important that the distinction be made between R&D and test and evalua-
tion, which is our main mission. My main purpose in giving this presentation today is to inform 
you of the problems and environmental limitations that are imposed on testing and evaluation in 
Vietnam. 

The CONUS agencies conduct the research and development and most of the testing, and 
finally propose a candidate item for evaluation. And this is the point where :RATA really comes 
into the picture. 

JRATA Is organized along both service anc funclidn.11 lines. In order to understand our 
test and evaluation procedures, I believe that It will first be necessary in understand the organi-
zation which is doing the testing. Here is the JRATA organization. 

FIGURE 2. :RATA ORGANIZATION. 

JRATA is composed of about 92 permanent party personnel for a total of about 150 perma-
nent and TDY personnel in the Headquarters, and four teat activities over which the Headquarters 
exercises operational control. The activities controlled are, from left to right, the Army Con-
cept Team in Vietnam with 57 people permanent party. plus 35 TDY; the Air Force Test Unit of 
9 permanent party personnel with 6 TDY; the Navy-Marine Test Unit with 9 permanent party 
personnel now - it has been changed from 4 - and 6 TDY; and, finally, the OS!) ARPA unit with 
13 military and about 6 civilian personnel plus additional T.DY's. Thin brings us up to a total of 
about 150 and, in addition, we are co-located with and closely integrated with the 70-man 
Vietnamese Combat Development and Test Center. 

The primary objectives of JRATA are: 
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I. To enhance the cotinterIneurgency capabilities of Republic of Vietnam Armed 
Forces (RVNAF) and US Forces. 

1. Provide RDTAIE and CD support to RVNAF. 

3. Provide sound and fully objective evaluation of concepts, dootrine, tactics, 
techniques and materiel in the counterinsurgency environment of Vietnam. 

Now, In conjunction with the last objective, the basic policy, as established by the JCS, 
CINCPAC and MACV. ia that only those evaluations and other projects which require the combat 
or the counterinsurgency environment of Vietnam will be conducted there. 

JRATA establishes our tasks under wartime uncontrolled conditions. This environment 
imposes constraint and limitations which have an effect to a greater Or leaser degree on the 
validity of the report. However, we are not working in instrumented ranges, we are not working 
with a peep:ye detail of "aggressors," we cannot wait for proper weather nor can we dictate that 
certain target arrays will be arranged just so and in a certain formation on the battlefield. We 
do observe and analyze combat which prevails. As a result of the.. conditions, it is frequently 
necessary to rely on professional opinion and judgment to interpret sketohy and sometimes, to be 
truthful, inconclusive data. 

One specific case was a recent all-out attempt to determine the effectiveness of the 
Flechette warhead for the 2.75-inch air-to-ground rocket. This rocket, made by Northrop, con-
tains 6,000 eight grain Flechettes - each about 1-1/2 inches long, about the thickness of a pencil 
lead. In the past we have been unsuccessful in determining the ground eflects of the Lazy Dog, 
the BLU-3 Bomblet, which I show here,which ie the 1.73 Mr Force Bomblet 

FIGURE 3. BLU-3 BOMBLET. 

with about 253 little pellets in it; the KAI 75 40mm Grenade Launcher on the Sky Raider Aircraft 

r and the 7,62mm Minigun (the Gatling Gun/. 

Consequently, I decided to make an all-out personal effort to obtain proper data on the 
Flechette warhead and set up a team of one 01F Air Force airerait with the foar rockets and one 
pick-up HUEY. For about 3 hours one day, in a very lucrative target area, we flew at between 
50 and 20C feet. Although we did run into Viet Cong, we obtained no hits, Toe next day I worked 
two OIF aircraft and two helicopters. Each of the 01F aircraft was equipped with four of the  
1.75-inch Flechette warheads, After flying for about 10 minutes in the dame very fine hunting 
area of Rau Shia Province, near Due Hoe, a group of three Viet Cong were spotted and taken 
under fire by one of the aircraft about 7:30 a. m. My helicopter then landed and my Serge.' at and 
I dismounted to attertipt to locate and retrieve a body. A detailed search of the area revealed no 
bodies. We kicked open the little hootchea and bomb shelters and we found the cook;ne, fire still 
going. However, one prisoner was found in a water-filled trench with just his nose and mouth 
above water by the Sergeant. When I heard him calling to him I went over to hint and h4cked up 
the Sergeant while ho went In the trench and dragged the man out. The mat' attempted to get 
away from us and I grabbed him by one hand arid assisted him to get back ro the helicopter. We 
took him back to Due Hoe and examined him and although he was wounded in the right leg siig:itly, 

FIGURE 4. 

the wound had nut reeulted from our Flechettee - he had been in some other action. We gilt:E.--
Honed him • he was quite impaseive, of couree - and, consequently, since the vintrui did rot 
result from our rocket, I declared him an invalid specimen, in a joshing manner hazed the Air 
Force pilots about it, and directed we go back and create and retrieve a better one. Again, 
after flying about 10 minutes, a group of between 8 and 11 Viet Cong were spotted and taken under 
fire by the other OIF aircraft about 8:20 a. m. The forward air controller, who was in one of 
the Ole, reported seeing four Viet Cong bodies on the ground ao I had the helicopter fly down 
low in order to locate specimens before we got on the ground with them. We were unable to 
locate any bodies; however, both the helicopters picked up bullet holes at an altitude of 10-15 
feet. 
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FIGURE 3. BLU-3130:VIRLET 

FIGURE 4. 

378 



-,••• 

Here's one hole in the rotor of the other helicopter 

FIGURE: 5. ROTOR. 

.n.l heerew chi::: put a aiace et lape over it so it wouldn't whistle so loud - so it would not 
bother him. And here's the other helicopter - my helicopter - 

F/CURE 6. HOLE IN IX.X.Ht. 

which we got a hit through the right door of the pilot, about 2-1/2 feet from my loft knee. The 
bullet wont underneath the armor of the pilot's seat. I looked on the other side and noticed it had 
not come out so I told the pilot I would find it for him, so I dug around inside and I found it and 
gave it to him - dropped it in his hand. You would think I had dropped something very dirty in 
his hand becauee he wasn't at all keen On the thing. I told him to take it downtown and have a 
gold chain put on it and send it back to his wife for a locket. He didn't think it was very appro-
priate at alL Well, anyway, after picking up our hole here - I figured we still had Viet Cong 
nearby, so I directed the helicopter to land and the Sergeant and I bounced out in the hopes that 
we would find a wounded or dead Viet Cong who was hidden in the grass. Because the Viet Cong 
were shooting at us or had been shooting at us when we came in on the chopper, the door gunners 
continued to give us covering fire and, of course, the Sergeant and I fired sporadically with our 
weapons. I carried about 80 rounds of ammo that day for my AR-15 (M18) submachine gun, 
which, unfortunately, was not enough. We maintained this continuous suppressive fire because 
that kept the VC's heads down and we hoped we'd thereby be able to find one, cowerir.g under a 
bush. We moved about 80 yards in front of the helicopter and found no one, and then I went about 
100 yards behind the helicopter and under a bush I found a Thompson submachine gun, with 100 
rounds of ammunition, inc:uding the 20-round clip in it, and a pack. I called into the bush to 
surrender and nobody there would surrender to me so I fired into the bush and, unfortunately, 
put a hole in the pack. I then picked up the submachine gun so no one else would, and put it And 
the ammunition on my back and continued the suppressive fire with my submachine gun, ran 
short of ammunition so I just slung my own weapon and continued using the Viet Cong submachine 
gun. To be honest, it was a whale of a lot more pleasant to shoot the Thompson submachine gun 
since it fired much slower than the AR-15 submachine gun, which fires about 900 rounds per 
minute. I personally believe the high rate of fire of the Ist16 (AR-15) submachine gun is exces-
sive and over-kills the target at the range at which one normally uses full-automatic fire.. 

About that time I found a carbine belt under a bush and I aimed the Viet Cong submachine 
gun at the hush and my Sergeant came up and lifted the bush. 

FIGURE 7. PRISONER AND WEAPONS. 

Under it was a young VC, 15 years old, weighing about 95 pounds, and he had a US carbine in his 

hand which the Sergeant kicked out of his hands immediately and I took him prisoner. We took 

him back to the chopper with the weapons that I had picked up and then we intended to run down 

the freshly made trail in the wet grass - you see the dew was still on the grass and somebody had 

just run down this little trail. Hut the pilot said we were running short of fuel and he was very 
anxious+ to take off immediately to pick up more fuel at Due !boa. I told the pilot about the trail 

suid I told him he was to fly down that trail at a low altitude. We flew about 10 feet off the ground 
for about 80 meters and I spotted a ehotgun leaning up against a bush, directed the pilot to land 
there because I thought there might be a wounded VC nearby. He landed in the grass, which is 
two or three feet high, and because my Sergeant had not yet tied up the prisoner, I jumped out 

and ran around the grass trying to find a wounded VC, but couldn't. So I picked up the ammo belt 

and the shotgun - the shotgun, incidentally, was a Ithaca Featherweight 12-gauge, pump gun - 

loaded with three rounds of double-ought buckshot, and had five more rounds in two little leather 

boxes on a belt. The belt was so small that it wouldn't fit around half of your thighs - the belt 
was about 22 inches long. We returned to Due Hoe and there we examined our prisoner, or 
'captive' an we call them. (Since we are not at war, we can't call these people 'prisoners".) 

The examination indicated that he was untouched by the Flechettes. I told my aircraft people 
that they had let me down and that we would have to go back again. They said we were out of 

ammunition so I said we would get some and come back in a day or so. We opened up the VC 

pack and in it found a communist flag and a Viet Cong flag. In it also was a hand grenade which 
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FIGURE 5. ROTOR 

FIGURE 6. HOLE IN DOOR. 
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my bullet tutd Just missed - although it had, unfortunately, gone through the VC flag. The shot-
gun is in the picture, at our boy's feet, the next weapon is the carbine which he had had in his 
halide, and the third is the submachine gun which I borrowed from the VC. 

Well, I felt that perhaps we could get some more evidence if a larger team were organised 
so I requested two F100's loaded with the 1. 75•Inch Hachette rockets and one F100 with the 
flLU-3i, We &Loci had two OW'., this Hine equipped with three Hachette rockets each and one 
smoke rooket emit and a small Eagle Flight of tour troop-carrying helicopters with 20 US sol-
diers and two armed helicopters with one comma-id helicopter. The F100's attacked ono group 
of Viet Cone but a 20 Minute search on the ground located no casualties or anybody else eittur. 
The F100's then were diverted by the Control Center to a more important target, so we con-
tinued without them. We finally found three Vice Cone and attacked them with the Air Force 
01F'm that were with us. Then we dropped on down to land and one armed helicopter picked up 
several rounds of Viet Cong automatic fire th•ough 

LI 

i i 
FIGURE 8. BULLITS IN BUBBLE. 

Tor 

the bubble and radio. The shots messed up the 1.rft 'oubble there and one bullet went through 
the radio 

FIGURE 9. BULLE".'S IJ RADIO. 

which caused him to lose communications and after that he had to "follow the loader" with the 
other gun ship. 

FIGURE 10. STREAM. 

We landed and after about 20 minutes of searching through some very taU grass - it was real 
rough country - it was flat but muddy and sloppy and you couldn't get into the tall grass 

FIGURE 11. HELICOPTER. 

because of the saw grass that would cut you if you just stuck your arm in it, and there were a 
few animal trolls sort of like tunnels through the grass which several of us tried to get into but 
weren't very successful. Well, we discovered a Viet Cong helmet and radio and figured there 
were some VC nearby so I asked for both armed helicopters to fly down low in order to blow 
over the grass - to push the grass down - and then to an...rk anybody that they saw with smoke - 
any bodies, any wounded people or people chat we could go in and capture. They located one 
man, threw a yellow smoke grenade at him and we went over and picked up this bird here - 

FIGURE 12. BACK OF VC. 
FIGURE 13. FRONT, 

111111 ----- Ipeaks Vietnamese and was a Ranger with the 
Vietnamese Rangers, came over and interrogated this man and took his clothes off so he could 
see if he were wounded or not and to make sure he didn't have a knife on him. 

FIGURE 14. VC IN SHORTS. 

He then tied him up with his own trousers. I then interrogated him through my sergeant - 

FIGURE 15. SERGEANT AND VC. 

and the man gave us five different lies - one that he was 15 years old and actually was 19, one 
that he was married and had some children in the nearby village who would be killed if he an-
swered our questions. One other tale was that he was fishing out there with hie grandfather but 
he had no fishing equipment nor could we find any grandfather, and he couldn't explain the radio 
and the VC helmet that were near him. He had one wound in the top of his head and his back was 
cut up a little bit from thorns and then there was one suspicious wound over his left shoulder. 
We took him on back to Duc Host, questioned him, and had the medic check out the wound in the 
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FIGURE 7. PRISONER AND WEAPONS. 

FIGURE 8. eui.ixTs IN RUBBLE. 
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FIGURE 9. BULLETS IN RADIO. 

FIGURE 10. STREAM 
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FIGURE U. HELICOPTER. 

FIGURE 12. ,BACK OF VC, 
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FIGURE 13. FRONT. 

FIGURE 14. VC IN SHORTS. 
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top of his head - he shaved it with a rasor blade - and we decided it was definitely one of our 
Flechette holes. It was the first Flechette wound that we have actually had verified as being 

VIIA ULLA' weapon. i was fairly pieaseo - i thought it might also have touched the skull so I 
carried him on back to Saigon in my helicopter. 

FIGURE 18. IN HELICOPTER, 

(You can see, incidentally, where we patched up the previous bullet hole in the right door 
of the helicopter.) A funny thing about this VC - he was rather scared - he had never before been 
in a helicopter and he literally rested his bloody head on my thigh on the way back to Saigon. 

FICURE 17. 

I put him in my sedan (probably thesfirrt time a prisoner had ever ridden in a general officer's 
sedan), and took him down to the hospital where the American medics said they couldn't treat 
Vietnamese - and that I had to take him to the Vietnamese hospital, and I said "this man isn't a 
Vietnamese, he is a Viet Cong." Well, that upset them even more, but they x-rayed him and 
there was no dtunage except to the skin so I sent him on back to Due Floe. 

During this 3-day operation, we had three helicopters and one fixed-wing aircraft struck 
by enemy fire. We suffered no casualties, and the only casualty we caused, so far as we know, 
Is this fellow here. This should definitely not be construed that we feel that the weapon is 
ineffective because we definitely believe it is effective. The point that I am making is only the 
difficulty of acquiring concrete facts during combat evaluations with a limited quantity of test 
items which does not permit sufficient training. Some of the rockets were fired too close to the 
target and did not explode or eject the flechettes prior to impacting the ground. They should be 
fired from a range of about 1,000 yards, and we fired them at 300 yards or less because the men 
are in the choppers and 01 type aircraft are used to closing with the enemy, and firing their 
weapons from less than 1,000 yards. 

On the way back to Saigon from the first day's operation, we dropped by a Popular Forces 
fort nearby which had just successfully repulsed a Viet Cons attack. These slides show what we 
found. 

FIGURE 18. LINE OF BODIES. 

The people were just policing up the bodies - they had just dragged some out of the field - they 
had tied some of the legs together to make it easier to drag them through the mud and they are 
gray because of the mud that they were found in - it was of that color and was drying on their 
bodies. Some had lain out in the sun In the paddy for a while; others, of course, were found in 
water or on dry ground and are rather clean. An interesting array of weapons was picked up 
with them. 

FIGURE 19. WEAPONS. 

As you lee all the small arms are American made weapons taken from other Popular Force units 
that the3e VC had overrun, those containers on the right are 75mm recoilless rifle ammunition 
containers made either in China or in the US - these are probably Chinese. On the lower right of 

APC, through 8-1/2'of air and then out the other aide of 1-1/2 inch armor on the APC. A pretty 

Panzer-
fated. It is a very fine weapon - they have a new one out now - called a BA-50 - it is 100mm 

the photo are the shell cases from both 75 and 50mm recoilless rifles that they fired at this fort. 
On the far left arc the BA 40's, the 80mm Chinese anti-tank weapon - like the German Panzer-

good weapon. Those things that look like tops for a sewing machine, at the bottom of the picture, 

killed quite a few VC that had attacked the fort - they didn't know how many - they hadn't 

and can penetrate clear through an M113. I've got a picture where it went through one side of an 

are shaped charges that are used to blow holes in the waUs of forts. As I got into the fort - it 
was a rather small fort, about 60 yards on each side - I was told that one woman in there had 

counted them yet. They had been taking care of their own people - they had had 6 killed in the 
fort - 6 men out of their 32. I went over and talked to her and congratulated her. She was 
wounded slightly in the left arm but had a bandaid on it and then I walked to the rear of the fort. 
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FIGURE 15. SERGEANT AND VC. 

FIGURE 16, IN HELICOPTER 

381 



FIGURE 17. 

FIGURE 18. LINE OF BODIES. 
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When the Popular Force soldiers were fighting on the front of the fort, the VC also came over the 
back corner of the fort and the woman ran hack with three grenades and tossed them and account-
ed for this pile of eleven bodies. 

FIGURE 20. PILE UP OF BODIES. 
FIGURE 21. DETAIL OF PILE. 

Here's a close-up picture of some of the people killed by one woman, The American M25 gren-
ade le a pretty powerful little weapon. 

FIGURE 22. 
FIGURE 23. WOMAN NURSING, 

There's a picture of the lady that did it, wounded in the left arm, nursing her baby, and life must 
go on. I went over and talked to her again, and shook her hand and gave her a 500 piaster note. 
It is probably the only award she will get. That makes people like Molly Pitcher and some of the 
American heroines look like school girls. These Vietnamese women have all the courage in the 
world, and the men, too. They are wonderful people. They have got a different culture than we 
have and it is unfortunate that some of our people criticize them. 

It is hard to get precise answers from the debris of a battlefield, and, in fact, I'll go 
farther and aay that it is impossible to get precise answers from the debris of a battleground. 
Of course, some thiage do lend themselves to precise answers that you and I need, such as range 
of radios from a given location and under certain specific conditions. Weapons and many other 
familiar items to be evaluted cannut be laid againat a precise yardstick. Weapons effects are 
not the sole purpose of JRATA, nor are they the only parameters within which evaluations are 
conducted. In the case of effects, we must rely heavily upon professional judgment and the opin-
ion of the evaluator. But on the other side of the ledger, we can and do perform evaluations to 
determine item dependability, user acceptance, support requirements, bases of issue, and so 
forth, all drawn from cold, hard facts. 

Now let us take a look at a few of the more important items that have been evaluated by 
JRATA. The first is "PUFF, THE MAGIC DRAGON." 

FIGURE 24. PUFF THE MAGIC DRAGON. 

This is another example of the difficulty of obtaining definite evaluation data in combat. We had 
an awful lot of trouble trying to find out how effective the rninigun was on the C-47, We got 
favorable radio reports from the folks on the ground during an action and we'd try to get back the 
next day to see what our weapons effects were and we'd get into trouble. 

This is a C47 aircraft mounting 3 Miniguns - they are fixed guns mounted to shoot out the 
door and windows of the C47. They fire 6,000 rounds per minute each, that's 100 rounds per 
second for each of the 3 guns for a total of 300 rounds per second. We aim the guns by aiming 
through a little maJceshift sight in the pilottirseat, we dip the wing down at about 30 degrees and 
fly at an altitude of about 3, 000 feet, and we fire. I have been out with it a number of times. 
We needed more systems like this experimental system - and we weren't manufacturing them 
fast enough because it was a newly developed gun. So the Air Force, back in the States, mounted 
ten M2 1,000 rounds per minute Cal. 30 machine guns inside of a C47 and it worked out fine. 

FIGURE 25. 10 GUNS. 

It was a bit noisy when all ten machine guns started firing at once - all insicie the same airplane - 
but they accomplished our pt...poee. These airplanes carry 50 flares and about 22,000 rounds of 
ammunition. They rendevous around a certain area and when some fort comes under attack and 
calls for help, we buzz over and help out. On one support mission, we supported two small 
forts which were surrounded by the enemy and, in so doing, in the space of about 1-1/2 hours, 
we expended 21,200 rounds of ammunition. During this time we were under almost constant 
small arms fire which had been diverted by the VC to shoot at us. We didn't get hit; at least not 
through the fighting compartment. This was pretty lucky because we were carrying 50 flares. 
We were under fire from the period of about 10:30 p.m. until around midnight. When we 
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FIGURE 19. WEAPONS. 

FIGURE 20. PILE UP OF BODIES. 
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FIGURE 21. DETAIL OF PILE 

FIGURE 22. 
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FIGURE 23. WOMAN NURSING. 

FIGURE 24. PUFF THE MAGIC DRAGON 
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returned from the mission after midnight, I directed that a helicopter be made available at I 
8 o'clock the next morning so we could gu out and  the effects of the operation. 

I 
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FIGURE 26. FORT. 

I flew off to the fort with my AP test unit commander end was later joined by two armed heli-

 

copters which first checked the two forts to make sure that they wire still in friendly hands 
before I landed.  

We then attempted to land and when ow helicopter was about 7 feet above the ground, but 
the mortar which had been tiring on the two forts the preceding night opened fire on us, and 
placed three rounds on one side of us tutd four on the other, so the pilot elected to postpone 

i gathering data until some other day, and we took off for northern part of the Plain of Reed', 1 t where we got in trouble again. I got word that a VC grenade faotory had just been captured so 
! we flew over to it. We landed just as two Vietnamese soldiers were wounded by booby traps. 

Flying to battle ill one thing - foot slogging is another. Particularly when the aloggee is 
i 

1 

paddling a sampan or is up to his waist in mud and water. There are many areas in Vietnam 
where this situation does exist, and one of the worst is the Plain of Reeds, which Is almost corn- 
pletely Inundated six months out of the year. 

FIGURE 27. TWO SAMPANS. 

The native friendly sampans possess no mobility advantage over the equally native VC 
sampans. This lake is a VC safe haven. They have got their hospitals and factories up in there 
and that is where I had gone to see the grenade factory. It's a lake about 80 miles in diameter 
and about 10 feet deep in the rainy season. And in the dry season it Is just a plain of reeds on 
which you can travel in tanks. This is the company commander, a Vietnamese sergeant whom 
we fought with for two days. The preceding night, two Special Forces sergeants and lwere with 
him - in one of these small triangular forts, and we were attacked around 11 o'clock that night. 
We stood behind the walls and fought It out just like the Wild West days. Most interesting! 
The nwtt day we took off on this sampan opEration. 

FIGURE 28. LILY PADS. 

The lily pads pot so thick we couldn't use the paddles and we had to pull ourselves through 
it with our hands. Conventional power boats cannot be used effectively because of the weeds and 
aquatic graames that foul up the propellers. 

FIGURE 29. PLASTIC BOATS. 

particularly if you cut from one water course over to another. 

FIGURE 30. AIR BOAT ON WATER. 

Finally a number of small air boats - twelve of them to be exact - six of one type and six 
of another type were introduced in Vietnam for evaluation by JRATA. They cold about 86,000 
a piece - they are wonderful little 17foot fiberabse swamp boats - powered by 180 hp Lycoming 
engines. The advantages were immediately apparent and there was a tremendous increase in 
mobility. 

FIGURE 31, AIR BOAT ON GRASS. 

Last :,,ear they were properly and aggressively employed and the results of the evaluation proved 

conclusively that we must have a hundred or better over there. In one attack, not long ago, 

before the dry season came, near An Phu it was just like an old time Cavalry charge. Three of 

these air boats tackled ten sampans - they first fired into them with the machine guns and then 
they overran them - actually physically crushed them while they were machine gunning and 

shooting with their rifles and then they wheeled around and came back to take care of the 
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FIGUR E 27. TWO SAN! 'r's NS. 

FIGURE 28. LILY PADS. 
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FIGURE 29. PLASTIC BOATS. 

FIGURE 30. AIR BOAT ON WATER. 
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cripples. it was lust like an old time Cavalry fl Aber ,-harg, and they killed about 20 of thr 

ener.y and crushed about ten of the bouts. 

.Veither of the previous items entailed any Real in Vietnam, but did Lntuil in-theater 
modification such as machinegun mounts, flotation gear, and so forth. 

FIGURE 32. HELICOPTER SEARCH LIGHTS. 

Now a- *0 is one item of which I am very proud and this was invented, developed, Rd D'd 
ard E'd let is Republic of Vietnam by the ARPA-RDFU, then under Colonel Bee Hardaway. 
To be precise, it is a field improvisation, utilizing seven C123 landing lights and about $400 
worth of other available military components on a locally made mount. 

FIGURE 33. HELICOPTER SEARCH LIGHT. 

It was designed by the ARPA-RDFU in Saigon, built under their contract - let to a local French 
firm for about $600 apiece, installed In a Army ACTIV (1FtATA) helicopter and used there. It 
could be moved from one helicopter to another in just 20 minutes or less - It was evaluated by 
three helicopter companies and was proved in combat. I have flown with it a number of times 
and it is wonderful. It is like shooting ducks in a barrel except sometimes the ducks bite back. 
In the operations conducted under the code word "LIGHTNING BUG," the illumination system 
flies down a canal at about 1,500 feet and illuminates a sampan or a group of sampans. It is 
teamed up with a two gun-ship formation which flies behind it and out of the eerie of light at 50 to 
200 feet altitude. These gun-ships shoot up the sampan° and j.inks with rockets and machine guns. 
It has proven very effective in denying the Viet Cong free use of the rivers and canals during the 
hours of darkness. 

Now although this rather primitive light will not in itself be produced in quantity - only ten 
have been built recently - it has proved the concept fur the use of searchlights to pave the way 
for more effective installations esing the Xenon light, Present plans are to employ only these 
12 systems as an interim system until the Xenon light becomes available. The first two lights 
resulted in the sinking of over 200 sampans and junks in a very short period of time. 

Another area where some uncertainty exists is user acceptability. Materiel designed to 
fill a specific field requirement does not always meet with the desires of the user in Vietnam. 
Particularly was the case of the infrared weapon sight. We, in JRATA, knew that a crying need 
for night vision improvement existed, so a recommendation was made to M ACV that operational 
quantities cf the standard US Army small arms IR sight be brought to Vietnam for evaluation. 

FIGURE 34. SNIPER SCOPE. 

Only 50 were tro.Ignt in and the sights were issued to ARVN units. When they were brought in, 
the ARVN personnel who were briefed on the devices were most enthusiastic and I was cony:need 
that we sheuld have brought in operational quantities rather than only a handful. However, as 
the data collection phase progressed, we discovered less and less enthusiasm and use of the 
lights. We shipped them over to other ur_its expecting momentarily that someone would request 
vast quantities, but this did not occur. So we investigated the coolness and determined that the 
weight of the sight was all right for US-size troops, particularly in Europe or the United States, 
but the total of some 11 pounds was much tco much for the average 108-pound Vietnamese 
soldier, when added to his normal combat load of anywhere from 25 to 35 pounds. About the 
same time this was determined, US combat units had been in the country for about two or three 
months, and we checked them out and we found out, much to our surprise, that they, too, had 
the devices stored in their supply tents gathering dust. The point here is that user acceptability 
is critical when considering an R&D piece of equipment. However, this is one of the many areas 

where JRATA can function effectively, even though we find out negative information, Equipment 
that is carried and used on FTX's in Europe and the US is 'lot necessarily that which will be 
carried and used when the individual is subjected to hoetile fire, tropical heat and the tangled 
jungle trails. 
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FIGURE 31. AIR BOAT ON GRASS, 
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FIGURE 32 ELICOPTER SEARCH LIGHTS. 
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FIGURE 33. HELICOPTER SEARCH LIGHT. 

FIGURE 34. SNIPER SCOPE. 
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Now one very good reason for the limited quantity and quality of in-country R8 D is the very 
severely limited facilities available in the Republic of Vietnam. Ansociatt d with this In the 
general ahurtsge tn" personnei professionally quatixico ana competent in Met) equipment ana 
activities. 1 am now speaking of indigenous capabilitiee. The Combat Development and Test 
Center of Vietnam (CDTC-V) is the entire R&D capability in RVNAF, and its facilities are very 
limited.  Its personnel are not, by US standards. qualified as R&L) officers nor no trey possess 
the training nor the experience necessary to accomplish the function. Every effort is being made 
to improve the CDTC-V capability, but it will take a long, slow process to establish anything 
comparable to US systems. 

I might add here that we have other problems in Vietnam which are of deep concern to both 
commanders and CONUS agencies upon which we have laid the responsibility for solving. One is 
tunnel detection or destruction or denial, 

FIGURE 35. TUNNEL. 

The Viet Cong use tunnels extensively and effectively. A unit conducting a search and destroy 
operation is constantly in danger of VC popping out of concealed tunnels, sniping and then ducking 
back into comparative safety in him hideout. The 3d Brigade, 25th Division luta lost some 50-odd 
men in their main bivouac area in this manner. Detection is virtually a matter of physically 
seeing the tunnel. IR, SLAR and ether exotic electronic equipment is presently ineffective. 
Once the tunnel entrance is discovered, there remains the problem of effectively clearing it, 
mapping it, and destroying or neutralising it. These tunnels go for probably 500 yards, or even 
5,000 yards and have entrance shafts about every 50 yards, about 6 feet in diameter. The hotfom 
of the shaft is 20 feet below the surface of the ground, the top of the tunnel is about 17 feet below 
the surface of the ground, the tunnels are about 20 inches wide, and 30 inches high. This one is 
dug so deep to avoid, I think, as all of them are, the roots of the tree.: You car see one small 
root in there but this is dug under the jungle and, therefore, I think they dug it deep to miss the 
major tree roots, It forks down at the far and. Here is a picture of the sergeant whc went down 
with me - 

FIGURE 36. SERGEANT iN TUNNEL. 

we went in on the original operadon so we were the first people in this tunnel. That's not a light 
globe over his head - that's a mushroom. It was difficult to take pictures - it was pretty black 
down inside the tunnel. I took the picture as we were placing the charges and here is one charge 
that we placed right at the fork of the tunnel. 

FIGURE 37. CHARGE IN TUNNEL. 

Unbeknownst to us another team was placing a similar charge about 50-75 yards down the other 
shaft of the tunnel and they blew theirs less than one minute after we got out of the tunnel. Had 
we been in there when they blew it we would still be in there. While we were in the tunnel area - 
there was a great deal of sniper fire, and one of the members of the other tunnel team was 
killed by the snipers. First we heard he was wounad and I told them to carry him out in my 
chopper, but 're was dead, I blew one more tunnel and then I went over to shod at the sniper. 
I had goiter, on this tunnel busting exercise by accident, to be honest. I was out with the Xli1148 
40mtn Grenade Launcher - I carried it with me in the back of my sedan while I inspected a new 
experimental bridge that the ARVN had put together - a combat assault bridge for S.1113 APC's 
they had put up. I intended later to go out to the Thu Due range to fire the xmiaa 40mm Grenade 
Launcher but the range was in use so I went out the 173d Airborne Brigade to check on a project, 
but part of the unit was on an operation. They said that they had just found a tunnel system and 
so I hopped into a chopper and went out to where the tunnel complex was. That is how I got 
engaged in blowing a tunnel. 

FIGURE 38. BOLES FIRING XM148. 

This is the first time anybody had ever fired this weapon or a weapon of this type in Vietnam. 
Whether I killed the man 1 was shooting at I don't know, but, at least the first time it was ever 
fired in Vietnam, it was used in combat. Here is a better picture of it. 
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FIGURE 35. TUNNEL, 

FIGURE 36. SERGEANT IN TUNNEL. 
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FIGURE 37. CHARGE IN TUNNEL. 

FIGURE 38. BOLES FIRING XM148. 
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FIGURE 30. BOLES AND XM148. 

It's a 40mm tube, single shot and fits on the underneath of the M18 or AR-15 rifle, It is a whale 
of a good weapon. 

These are but some of the many problem areas in the conduct of war. 

So much for the hardware. Now certainly there are other kinds of reaearch going on in the 
Republic of Vietnam, not all of which are associated with military endeavor and hardware. How-
ever, disregarding the off-duty research, which as its own hazards, one major portion Of tho 
official research going on in-country is also in the social science area. This was well covered 
yesterday afternoon so I will not cover this portion in my presentation. 

Basically, these are the problems confronting JRATA in Vietnam - inability to determine 
weapons effects; user acceptability (although this is not a problem limited to Vietnam alone); 
differences in sizes of soldiers, culture, language, and minority groups; quality of IIVNAF per-
sonnel in the test and evaluation business; and limitations imposed by friendly hostilities as well 
as enemy hostilities. Nevertheless, we have been able to accomplish much in spite of the 
problems. During the existence of JRATA, some 75 tests and evaluations have been completed 
and there are another one hundred plus either undergoing evaluation or programmed. 

In Some cases, problems are solved by brute force - others by delicate diplomacy. In all 
cases where the job must be done, the problems faced must be overcome or outflanked. The job 
In Vietnam is vital and the people assigned there know it and are dedicated to the task. There 
are many problems, but as long as the personnel involved are professional and devoted to their 
duty and are patient and have a sense of humor, the job will be done. Rest assured that both the 
scientific and the military personnel in Vietnam are of that quality. 

FIGURE 40. BABY. 

Now one final item - R&D and production of female clothing, of course, has been one of our 
moat important and expensive undertakings. The Thais have done quite a bit along these lines, 
too. I would like to show you one functional little apron that has been developed by the Thais - 
we call it a little chastity belt. It is made of silver, it is dainty, feminine, has great utility 
value, it is rust-proof, and, of course, does not restrict any movement of the wearer. 

Thank you. 
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FIGURE 39, BOLES AND X?v1148. 

FIGURE 40. BABY. 
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ABSTRACT 
(Unclassified) 

During November 1962 USA CRREL and the University of 
Michigan (under contract DA-27-021-ENG-9) conducted field work 
in Puerto Rico to determine the capability of detecting small neat 
sources obscured by a tropical riin forest. 

This research was supported by the Advanced Research 
Projects Ager•zy under ARPA Order 351-62 Amendment No. 1. 

Two int: ared scanners, one airborne radiometer, and a 
K-17 camera %ere used to obtain aerial imagery. The targets 
were charcoal Ares in galvanized pails (14-in diam and 8.5-in 
high); the palls were placed on the ground at selected sites us der 
a variety of canopy cover. 

The use of an infrared thermal scanner to detect small ground 
fires obscured by a vegetative canopy haa becn demonstrated to be 
feasible. The filtered indium antimonide cell (4. 5 to 5.5u bandpass) 
proved to be the best choice in flying over dense canopy. 

FOREWORD 
(Unclassified) 

This work has been reported elsewhere, with relatively limited distribution. The project, 

evidently the first of its kind to be carried out under ARPA sponsorship, has been succeeded 

by others of broader scope the U.S. and by Project AMPIRT (ARPA Multiband Photographic 

and Infrared Test) in Thailand.. The objective of Project AMPIRT is to establish the applica-

bility of specialized airborne infrared and photographic techniques to detection of insurgent or 

guerrilla operations in the Southeast Asia environment. The field data acquisition phase was 

completed during 1965, and extensive ground radiometric, meteorological and target data are 
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currently being analyzed for preparation of a final report scheduled for publication In 

November 1888. This work Is being accomplished jointly by the University of Michigan. 

Institute of Science and Technology, (infrared), and by Cornell Aeronautical Laboratory 

(photography). The work at hitch(gan Is covered by Att. Force contracts AP 33(657)-13139 

and AF 30(802)-3540. 
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INFRARED DETECTION OF HEAT SOURCES 

OBSCURED RV TROpleAf, RAIN FORRRT VFORTATION (1) 

1 

INTRODUCTION 
-(42entiiieso4.1). 

The varying tropical environment of the island of Puerto Rico was studied In November 

1962 by flying airborne sensor systems (infrared thermal scanners and conventional cameras) 

over selected areas in concurrence with a ground-based instrumentation and data-collection 

program. This project, sponsored by the U. S. Army Cold Regions Research and Engineering 

Laboratory (CRREL) and the Advanced Research Projects Agency, *  was conducted by personnel 

from CFIREL (responsible for site selection, ground instrumentation, data collection and analy-

sis) and from the Infrared Physics Laboratory of the Institute of Science and Technology, 

University of Michigant (responsible for flying the EC47J (R4D) aircraft of Project MICHIGAN" 

and for operation of the airborne infrared arkl photographic systems supplied by Project MICHI-

GAN and USA CRREL). Data reduction and imagery analysis was a joint effort of these two 

laboratories. 

The objective of the ARPA-sponsored portion of the program was to determine the detec-

tability of heat sources of the type associated with guerrilla activity in Vietnam. Previous 

experience indicated that, while many targets such as personnel, shelters, weapons caches, 

vehicles , etc. , would have an extremely low probability of detection in a tropical rain forest, 

intense heat sources such as cooking and warming fires might be more readily detected. 

Implementation of the heat source detection program was based as closely as possible on 

•

  t tc• 

descriptions of guerrilla activities and environmental factors relayed by ARPA personnel 

stationed in the area of conflict. Part of a letter from 

ni of ARPA,  

SC-78801, administered by the U. S. Army Electronics Command. 
**Project MICHIGAN is conducted under Department of the Army Contract DA-36-039- 

• : AIWA support under APC No. 563 and Amendment. 
The University of Michigan participated under USA CRREL Contract DA-27-021-ENG-9. 
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ARPA. dated 18 September 1962, is quoted below; 

"Under agreement reached on August II, 1962, as to investigate 

Anti rarnYt vornn ;NOM   ; 20.1rCI.•.! Tilia • ma 

tion is required as soon as possible for use in OPERATION TROl'ICAN, an effort 

reoeiving ARPA eitpprirt under APC No. 569 and Amendment to AO 351-C2. 

Discussions with appropriate personnel in Vietnam have resulted in the following 

conclusions: 

a. Heat source: A heat source that can be aasociated with most guerrilla 

groups is the cooking stove. This stove is a portable ceramic or baked clay device 

common to the East and frequently called by the Japanese name "Hibachi." Char-

coal is the universal fuel. The clay stove is a hollow vertical cylinder 10 to 14 inches 

high and open at the top. A grate on which the charcoal is placed is located above 

an air-port in the side of the cylinder. The food is cooked in a round-bottom iron 

kettle or flat-bottom pan which Is placed directly over the open top of the stove. 

This type stove is large enough to cook the food for a squadron (8-12) of men, This 

heat source will be employed in all regions from the delta country to the mountains. 

A second heat source is the small campfire. This fire is found only in the mountain 

regions and is employed during the early evening hours for warmth. The fuel is wood, 

as opposed to charcoal, and the fire is laid on the ground. The fire is carefully tended 

so as to produce the minimum of smoke and remain small (firebed of 12 to 18 inches 

in diameter) in order to permit rapid extinction. The use of other fuels is extremely 

unlikely because of logistic problems. 

b. Shelter: Under the majority of conditions the charcoal stove will be used 

outside of huts or lean-to's. Under stable, secure military conditions the cooking 

may be done in a hut or lean-to, particularly in the mountainous region. Campfires 

will be built outside of a hut if a hut exists. 

c. Surrounding environment: Guerrilla activity is not limited to tropical rain 

forests. Consequently the cooking stoves will be used in foliage ranging from 4- to 

5-foot high scrub trees and brush to dense forests. Any foliage capable o furnishing 

protection from visual observation can constitute surrounding environment. 

d. Time of day of greatest fire activity:  In the opinion of personnel queried, 

the time of greatest cooking activity is a 2 to 3 hour period centered around sunset. 

Campfires generally exist for about 4 hours starting at sunset. 

e. Additional heat sources: No additional significant heat sources are believed, 

to exiat. Charcoal is stolen or confiscated by guerrilla troops in the delta region. 

Troops in "safe" areas may process charcoal, but this is believed to be unlikely. 

No armament foundt:ies are believed to exist other than individual use of a charcoal 

stove as a forge." 
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Conditions described in the letter were simulated as closely as possible by CRREL per-

sonnel responsible for instrumentation in the test areas. All effort was concentrated on 

determining the detection probability of small fires under conditions simulating those encountered 

in Vietnam. Charcoal was employed in all cases, as there was no natural fuel available In 

the rain forest. Two test sites were instrumented in the Luquillo division of the Carribean 

National Forest, corresponding roughly to those described. 

2 

AIRBORNE INSTRUMENTATION AND DATA RECORDING (U) 
VIII LUiIt 

2. I. (Unclassified) Sensors and Aircraft 

Two infrared scanners, one airborne radiometer, and a K-17 aerial camera were pro-

vided for the Puerto Rican field studies and installed in a Navy EC47.1 (114D) aircraft on 

bailment to the University of Michigan. The scanners used were the Project MICHIGAN 

M-1 infrared scanner and a modified AN/ AAD-24'4  drone scanner. The airborne radiometer, 

a single channel instrument, could be used with either cooled or uncooled detectors and with 

various filter combinations in order to acquire quantitative infrared-radiation data. The K-17 

camera was equipped with an image motion-compensation computer. A ground-glass view 

finder and drift raeter were also available. 

The C-47 flew to Puerto Rico fully equipped, and was based at Roosevelt Roads Naval 

Air Station. Communication between the aircraft and ground teams was maintained on FM 

radio frequencies, using the PRC-i0 handheld transceiver on the ground. Radio transmission 

from the forest floor to other points on the ground was usually good, while communication with 

the airplane was variable and frequently poor. 

All flights over the target area were made under VFR (visual flight rules) conditions, 

but low clouds were nearly always present and frequently too low to permit safe flying in 

the area. Acquisition of data from altitudes above 2500 ft was prevented by clouds. 

2.2. (reerofaioieweial). M- I Infrared Scanner 

The M-1 scanner is a completely rebuilt instrument utilizing an AN/ AAR-9 XA-2 

,-,The M-1 scanner is a completely rebuilt AN/ AAR-9 (XA-2) scanner. 
*,,The AN/ AAD-2 scanner and the K-17 aerial camera with gyro-stabilized mount are on 

loan to the Infrared Laboratory from USA CRREL. 
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four-sided scanner mirror, parabolic collecting mirror, and gyrostabillzation system. The 

optical system is a Newtonian type to permit vertical mounting of liquid-cooled infrared 

cietectors. 

Design of the detector mounting system provides for use of indium antimonide (lab), 

long wavelength copper-doped germanium (Ge:Cu), and mercury-doped germanium (Gettig) 

detectors. These three detector combinations permit scanning throughout the wavelength 

region from the visible to Um. Only the indium antimonide and the copper-doped germanium 

detectors were used for this study. 

The scanning mirror is driven by a variable speed-dc motor whose speed is adjusted to 

the proper V/ H (velocity/height) ratio of the aircraft. The over-all Scanning angle is approx-

imately 72° , and maximum system resolution is one milltradian using a 1/4 x 1/4 mm detector 

size. 

2.3. 4.61enikelevAie1i. AN/ AAD-2 Infrared Scanner  

The AN/ AAD-2 scanner, which was purchased from the manufacturer by CREEL in 1961, 

has been modified by the University of Michigan to accept the large dewars associated with 

helium-cooled long-wavelength detectors. Several other changes were made to improve elec-

trical bandwidth and final image quality. Preamplifier and glow-tube driver circuits were 

redesigned, and provision was made for magnetic tape recording. The ;1-inch-diameter optical 

system of this lightweight instrument has a shorter focal length than that of the M-1 scanner, 

and the instantaneous field of view when using a 1/4 x 1/4mm detector is 1.5 milliradians. 

Three data recording methods are available. A 70-mm film strip within the scanner is exposed 

by a flying light spot from a gas-filled glow tube which is modulated by amplified signals from 

the detector. This recording system is relatively difficult to control with precision; its pri-

mary virtue is that no synchronizing system is required, since the glow-tube optics are mounted 

directly on the shaft of the primary scanning mirror and rotate with it, assuring optimum 

line synchronization. Signals from the scanner amplifier are also directed to the magnetic 

tape recorder and, when desired, to the cathode-ray tube direct recording unit. 

2.4. (Unclassified) Magnetic-Tape Processing 

The electronics are designed to handle processing of signals from both the M-1 and 

AN1AAD-2 scanners, The tape deck is an Ampex CP-100 seven-channel unit with playback 

412 

r1 11.
1+ 4

.2
, 1

1 :
.1.

1A
4F

IV I
 



amplifiers providing optimum tape monitoring while recording. Two oscilloicopes are used to 

display video s!gnals. 1. Tektronix Model rim 15 displays signal amplitude on the x-axis, with 

a linear scan triggered by the scanner synchronizing signals on the x-axis and • Model RM 35 

(with a long-persistence phosphor) displays the thermal maps as generated by the scanner. 

The cathode-ray tube in the photographic recording unit (Dumorit 5FPI la or SCKP) I hi-resolution) 

has magnetic focussing and deflection and displays a single-line repetitive sweep which is trig-

gered by the scanner-synchronizing signal and is intensity-modulated by the video signals from 

the infrared detector. In the SM-100 recording camera, successive scans are recorded side 

by aide on a continuously moving 70-mm film strip. 

Other specialized equipment includes a slope-compensating amplifier for correcting curva-

ture in the scan resulting from low-frequency amplitude variations; a video amplifier with 

adjustments for gain and d-c level; and phase•shifting and mixing eircuita for combining signals 

from FM and direct-recording channels. Frequency response in the FM mode, at 80-ips tape 

speed, extends from d-c to about 20 kc. AM response extends from 100 cps to 300 kc, and both 

recording methods must be used to obtain the required bandwidth. 

The magnetic-tape data-processing system has several important advantawis. Setting 

the CRT intensity and lens aperture and setting the film speed for optimum negative density 

and minimum distortion in the final picture present the greatest difficulties in achieving direct 

in-flight film recordings. These settings must be adjusted in accordance with ground speed 

and altitude changes. Magnetic tape, on the other hand, can be replayed any number of times 

to achieve optimum conditions for producing a good negative. The sort of e:ectronl: "improve-

ment" of the final picture that can be achieved by aperture compensation techniques and high-

frequency emphasis would be difficult to accomplish in flight, since the necessary adjustments 

are subject to considerable variation. 

3 

OPTIMUM SCANNER PARAMETERS 
Oteseremtereereti 

3.1. (Unclassified) Spectral Choice  

The optimum spectral region for detect:on may be- determined by a consideration of black-

 

body cur.cs approximating the energy distribution of the targets and the backgrounds. While 
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the energy from a typical fire (800•C) is greatest at short wavelengths below 3u, solar reflection 

from the vegetation is serious, even early In the morning, in this spectral region. Figure 1 

shows the energy distribution for (blackbody) targets at 800•C and 100°C (dashed curves) and 

for the backgrOund at an ante-had temperature of 30C. Solid lines indicate the amount of energy 

transmitted through the canopy, assuming 90% obscuration. Signal-to-background ratio for the 

open fire is much better in the shaded area between 4.5 and.5. Su than in the region of atmos-

pheric transmission between 8.6 and 13e, and the ratio is somewhat better even for the 90% 

obscured target at 100°C. An indium antlmonide (InSb) detector filtered for acceptance of wave-

lengths between 4.5 and 5.5e appears to be an optimum choice; solar reflection is negligible, 

background energy is sufficient for mapping, and the target signal to background ratio is favor-

able for detectian. (Experimental results presented in a later section of the paper confirm this 

reasoning.) Factors of lees importance, such as emissivity values and atmospheric transmission, 

need not be considered. The emissivity is fairly close to unity for both the fires and the vegeta-

tion and only those regions where atmoapheric transmission is large for the fairly short, near-

vertical paths of interest have been considered, 

3.2, w4Gerifietieweiesii. Resolution  

For single-element scanners of the type used in this work, signal to noise ratio (or target 

signal to background signal ratio) is best when the ground resolution (size of ground intercept 

element subtended by the solid angle representing the instantaneous field of view of the detector-

optical combination) is equal to or smaller than the target of intereet. In other words, the 

target should at some instant fill the instantaneous field of view for the most positive detection. 

Since the instantaneous field of view of the M-1 scanner is 2 mill:radians using a 

1/2 x I /2 mm detector and 1 milliradlan for the 1/4 x 1/4 mm size, the ground intercept . _ 

at 1000 ft altitude is 2 ft square or 1 ft square, depending upon the detector in use. The latter 

figure is nearly optimum in that the maximum ratio of signal to background is obtained for 

heat sources of the size provided for these tests. Although even better angular resolution 

might be desirable for higher altitudes, 1 milliradian is about the best that can re expected 

for existing scanners. Long-foeal-length optics and vet y high scanning-mirror rotation rates 

are required for further improvements. 

414 



F77-;:4 

; 

vavIterrk roost. 

Figure 1. (Unclassified) Energy distribution for targets 
at 300 and 100 C and for the background at 30' C. 
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3.3. (Unclassified) Temperature Sensitivity  

Tt.i. :Laity iu iieioct very small temperature differences is not of critical importance in 

the problem of detecting small intense-heat sources in the environment considered here. 

Degradation duo to redwood detector sensitivity is first noticed in the quality of terrain imagery. 

The target. appear as hot spots, and often as overload signals, in all of the InSb target imagery 

obtained in Puerto Rico, although oonsiderable variation in temperature sensitivity of the scan-

ner system resulted from drifting of the detector bias voltage. For operation at high altitudes, 

where the decreased ground resolution might tend to smooth out the backgrourd variations and 

where the target would fill only a very small part of the field of view, temperature sensitivity 

would be a more important factor. 

4 

TARGET CHARACTERISTICS 
(Unclassified) 

4.1. (Unclassified) Location 

The target sites, located within the boundaries of the Carribbean National Forest, were 

selected by the USA CRREL advance party during the month of October. This area was selected 

because of its dense rainforest-cover type, accessibility, and proximity to living accommoda-

 

tions. Two forms of vegetation were chosen as cover for the thermal targets: flight line I 

(a high, dense canopy) located in the La Mina River Valley extending approximately 1/2 mile 

NE from Ls Mina Falls, and flight line 2 (a low-lying, dense canopy) located and adjacent to 

a road connecting Pico del Oeste and Pico del Este. 

4,2. (Unclassified) Vegetation - flight line 1  

The site selection for the experiments had to be relat:vely undisturbed rain forest with 

maximum canopy density that was reasonably accessible by foot trail, As a result of these 

qualifications, the targets were positioned on or near an abandoned font trail along the La 

Mina River. Figure 2 is an air photo of an area similar to line 1. The valley wall is steep, 

the aspect is northeast, and the elevation is 1950-2150 ft. intermittent tributary streams 

dissect the valley wall. A well-developed, subtropical wet forest or montane rain forest, 

locally known as the tabonuco (Dacryodes excelsa) type, predominates in the valley bottoms 

and lower slopes at this elevation. Palm brakes of nearly pure mountain palm (Euterpe globose) 
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F:gure 2. (Unclassified) A:ronoto of area similar to L:ne 1. 
This is the same stream bed (La Mina) as :he study 
area, but about one half mile downstream. Vegeta:Lin 
types and densities are essentially the same in both 
areas. 
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occur on steep, unstable slopes above this elevation and interfinger :nto the study area along 

the first- and second-order tributary drainages. Emergent crowns overtop the forest canoov: 

these trees grow primarily on ridges of shallow bedrock to heights of 150 ft. A lower canopy 

stratum averages 100 It in height and this In turn is underlain by a third poorly defined canopy 

layer of palm, young trees, and minor species from 20 to 80 ft high. Arboreal epiphytes, 

particularly Philodendroni, Marcgravia, and bromeliad species, contribute considerable bio-

mass to the lower two crown levels. 

4.3. (Unclassified) Vegetation - flight line 2  

A second study area was selected to represent 'shorter vegetation type and to obtain more 

precise flight control. This ridge site is in the dwarf thicket etr mossy forest type. The shrub-

by tree Species with very similar microphyUous leaves seldom exceed 20 ft in height. Epiphytic 

mosses, orchids, and bromeliads are abundant but smaller than at line 1. The seven target 

locations vary from dense shrubbery with only small sky openings to an open grassy sward 

without woody plants. The grassy openings are apparently the result of a perched water table 

caused by an impermeable iron-pan layer in the lateritic soil. Figure 3 Is an aerial photo of 

this region. 

4,4. (Unclassified) Targets - charcoal fires and measurements  

To approximate the conditions and the cooking stoves described earlier, charcoal fires 

were placed on the ground at selected sites along flight lines I and 2. To prepare the fires, 

8 to 10 lbs of charcoal was placed in e.-ch of the galvanized pails (14-inches in diameter and 

8.5 inches high); the charcoal was then doused with kerosene and lit. The fires were usually 

started 1/2 to 1 hour before each (Lying mission. Previous experiments had shown that fires 

of this type could burn for as long as .20. hours and that for the first 4 or 5 hours the radiation 

output decreased very slowly. The highest te:uperature for these fires was about 800 C. 

Radiation measurements of the fires were made with a GE radiation meter type DI'. -60 

and with a Stoll-Hardy radiometer (Williamson Development Co. ,West Concord, Mass.). Both 

instruments were modified with an aperture for use over hot targets. A second Stoll-Hardy, 

radiometer was used to obtain radiation measurements of the vartous:Katural surfaces. Con-

tact temperatures were read with an Alnorcontact pyrometer. An Assmar! psychrometer was 

used to obtain dry bulb and wet butts readings when desired: A .helium-filled balloon (protected 
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Figure 3. (Unclassified) Airphoto of Flight Line 2. The approx-
imate locutions of the charcoal fires are indlcated on 
the overlay. 
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with a parachute cover) served to suspend and raise a thermistor (Victory Corp, , type 32A84) 

through the vegetation so that the thermal gradient could be established from ground level to 

above canopy height. The balloon was stopped every 2 meters and the resistance of the thermis-

tor was read with a modified Rubicon portable Wheatstone bridge. (One of the phol‘bgraphe in 

Figure,8 shows the thermal gradient gear in use.) Figure 4 shows one such gradient plot and 

Figure 5 is a radiometric trace produced by the airborne radiometer which indicates the mag-

nitude of thermal variations as recorded with a 5 mithratilan instantaneous field of view in the 

4.5 to 5. 6a wavelength interval. The average flight altitude was about 800 ft so that the instru-

ment integrates or averages In area of about 16 ft
2
. The rapid fluctuations ranging in magni-

tude from I to 3° C are In good agreement with meaauremento of the vertical temperature 

gradient obtained from ground level to the top of the canopy. The ridge road, where flight line 

2 was located, appears at the left of the trace, The road and terrain immediately adjacent 

are warmer than the vegetation cover. The terrain descends rapidly from this ridge to the 

bottom of the valley containing flight line 1, dropping some 900 ft over a distance of I mile. 

There is a corresponding gradual rise in temperature down this slope of about 6 or 7 C. 

Little confidence can be placed in absolute magnitudes of temperature indications, as the 

emissivity of the vegetation in this wavelength region is not accurately known. 

5 

RESULTS 
Iletievilaiwnets* 

Tables I. II and III sum up the number of times each fire was detected. As discussed 

elsewhere in this presentation. the 8-14u bandpaas is not the best region of the spectrum to 

use for thia particular detection problem. Our results certainly support this statement. Of 

all the fires on line I that were available for detection. the copper-doped germanium cell 

(8-14u) detected 14.8% and the indium antimonide cell (5.5u long-wavelength cutoff) detected 

41.5% of them. However, the copper-doped cell (8-14u) did not detect any fires that were 

obscured by vegetation. The indium antimonide cell detected about 30% of the hidden fires. 

Examination of the imagery shows that the 8-14t4 bandpaas is better suited for recording 

radiation variations within the canopy itself. 

There were a few cases where the identity of a target site, visible in the imagery, could 
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Figure 4. (Unclassified) Thermal gradient in forest (near Cabin 
No. 1, 12 Nov at 2100 to 2130 hours). This four degree 
temperature range was the maximum measured for any 
vertical gradient. 
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Figure 5. (Unclassified) A radiometric trace over canopy and ground that shows a temperature 
change similar to the thermal gradient. 
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not be positively established. This did not influence the final figure for percent detection. 

but only the frequency of detection distributed among the sites. 

5. I. 'fiewMaerriiwii Flight  Line 

Flight line I was located in an area of the rain forest that had the densest canopy to be 

found; for the purpose of detecting small ground firee through a vegetative cover, we consi-

dered this area to represent the worst possible case. 

Figure 6 is a Schematic layout of line 1. The picture by each target-site number is a 

view of the canopy directly over the charcoal-fire pail. Sites A and B were selected as control 

points in canopy openings that undoubtedly would show in the imagery if the detector's field of 

view passed over them. These signals would at least prove that the aircraft had passed over 

the correct area and would also help to identify any other tergets detected. Figures 7 and 8 

are photographs of the general region associated with line 1 and Figures 9, 10 and 11 are 

photographs of some of the target sites. Figures 12 and 13 are examples of the thermal Imagery 

of line I. 

The mission on 17 November (see Table I and Figures 12 and 13) is interesting in that the 

fires were, by then, several hours old and were radiating less energy than new fires. l'welve 

fires were lit by 2045 hours on the 16tn, but weather prevented the aircraft from flying over 

them until 0614 hours on the 17th. If the results from the 17th are examined separately it is 

seen that 32% of the available fires were detected under the adverse conditions of dense canopy 

and relatively cool fires. 

If the data from the 19th and 21st are combined, the results show that 48% of these f:res 

were detected (see Fig. 13). With the exception of two cases, f:res wet e new and relatively 

hot. The two exceptions are firec 3 and 10 for the missicn on 19 November. These were 

resiciaal coals from fires lit at 0545 on the 18th for a mission that was cancelled due tn 

weather. Number 3 was detected on the 19th some 25 hours after it was it. For all pulses 

of the aircraft on the 21st, fire 12 was covered with a palm frond roof. This very effectively 

reduced the radiation to a level of questionable detection. 

Several fires were detected that are treated as misses in the tables. These csses are 

Indicated by question marks and represent signals so weak that they would normally not be 

noticed in the imagery. 
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Figure 6. (Unclassified) Schematic layout of Line 1. Each target site ES represented by zenith ground 
photography of the canopy. 
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Figure 7. (Unclassified) Typical areas in the El Yunque montane rain forest. 
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Figure 8. (Unclassified) Representative areas associated with Flight Line 1. 
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Figure 9. (Unclassiaed) Zenith view of canopy and target firepot 1, Line 1. 
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Figure 10. (Unclassified) Zenith view of the forest canopy and target fireport I Line 1. 
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Figure 11. (Unclassified) Zenith view of the canopy and palm shelter over Large: 
firepot 12, Line 1. 
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Flgure 12. letMltderfrittii The influence of reflected sunlight 
on the thermal image. Both strips are of Line 1 on 17 Nov 1062. 

Strip 521-7-5, 0635 hrs at 1500 ft. Three fires out of twelve 
were detected (Sites A, 9 and 12). 

Strip 521-7-6, 0642 hrs at 1000 ft. Three fires out of twelve 
were detected (Sites 9, 12, and )31). Site No. 1 car. also be 
found in the imagery, but it is well hidden in the contrasting 
background. The InSb detector is sensitive to visible frequen-
cies as well as infrared frequencies and when used without a 
f.lter (as above), presents an :mage composed of thermal 
radiation plus any reflected radiation. Thc images above were 
made at SunTISC ilAd show the influence of sunlight reflected 
from the canopy. These fires were left over from 16 Nov and 
were about 11 hours old at the time of the imagery. 
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Figure 13. .44)wwlielien61wi1* A compariaon of two different 
bandpasses over Line 1 on 19 Nov 1062. 

Strip 543-20-21 InSb (filtered 4.5-5.5u), 0936 hrs at 1000 ft. 
Seven fires out of fourteen were detected (Sites A, 3, 6, 7, 
11, 12. and B). Sites 6 and 7 are almost in line below Site 3 
and Site B is Just above 11. Site 3 was about 20 hours old by 
the time of this pass. Site 9 can be identified on the film but 
Its signal is too weak to be readily apparent. 

Strip 534-20-21 Ge:Cu (8-14u), 0936 hrs at 1000 ft, Three 
fires were detected out of fourteen (Sites A, 12 and B). This 
represents some of the best imagery of the canopy. 
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Thus. it Is felt that the figure of 3070 is a realistic value for the overall capability of the 

indium antimonide cell in detecting Individually obscured fires. If it is in error. it Is on the 

cOneviviiii4e mitre. 

5.2.•-telesilideweie14. Flight Line 2 

Seven charcoal fires were prepared under varying amounts of cover and 13 scanner runs 

were flown over the area shortly after dawn, followed by additional runs in the afternoon, 

During the morning rune, closely controlled conditions were maintained through radio contact 

with the four-man ground team. Following each pass by the aircraft, a description of target 

Indication as observed on the cathode-ray C-scan presentation in the aircraft was reported to 

the ground and changes were made in the target complex prior to the next pass by obscuring 

certain fires with varying amounts of cut vegetation and other materials. 

On line 2, 92.6% of the fires were detected with the indium antimonide cell. Table III 

shows the summary of the data and rigure 14 Ls a schematic diagram of line 2. Figure 15 

shows one of the fire sites. Figure 16 is an example of thermal Imagery of line 2. With the 

exception of three targets (sites 1, 2 and 5) all of the fires were more or less free of vegetative 

cover. One target, number 7, was a charcoal fire laid on the ground. During some of the 

passes of the aircraft, efforts were made to conceal certain of the fires. For all prr,:tical 

purposes, these were unsuccessful. Target 7 was detected when covered with small branches, 

a layer of dirt, and .1 layer of grass (Table III). 

It is significant in connection with this test that, Fithough there was sufficient daylight 

during the last few passes of the morning mission for determination of detail on the ridge, 

nothing could be seer visually in the target area even though the aircraft crew knew exactly 

where to look and were passing over the ridge at altiltrius as low as 400 ft. Personnel were 

observed only when they were clear of the growth concealing the fire targets and standing In 

the open. (Visual reconnaissance conducted from a helicopter at low altitude over the Project 

AMPIIIT forest site Thailand, in 1965, yielded atmlar results.) 

Dic sign of ac:ivity was ever observed visually on line 1, except when the ground party 

lofted a balloon above the canopy or fired a flare up through the trees. 
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Figure 14. (Unclassified) Schematic layout of targets on Line 2 utilizing zenith photography to show cover. 

There was essentially no vertical canopy over targets 3, 4, and 7. 
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Figure 15. (Unclassified) Zenith view of the forest canopy and firepot 1. 
Line 2. 
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Figure 16. -4 esinttelerretsdi",  A comparison of different bandpasses 
over Line 2 on 20 Nov 1962. 

Strip 534-20-1 InSb (visible - 5.5u), 0636 hr..; at 500 ft. All 
seven fires were detected. The upper, email arrow points to 
a group of 3 or 4 people near the rocho control s.te, and the 
lower small arrow indicates the locat:on of other personnel. 
There is some reflected sunlight in the image. 

Strip 534-20-4 /nSb (visible - 5.5), 0649 hra at 800 ft. There 
Is enough reflected sunlight to seriously Interfere with detection 
capability. 

Strip 535-21-8 (filtered. 4.5-5.5u), 0706 hrs at 300 ft. All 
seven fires were detected, although Site 7 was covered with a 
layer of branches. The small arrow indicates personnel. Note 
the improvement In detection by filtering out the reflected sunlight. 
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DISCUSSION 
-444eriffeterretwIt 

It is very significant that some fires were detected on every flight of the kl-1 scanner over 

the targets. In applying the results of these experiments the detection of any activity may be 

more important than (ho detection of a large percentage of individual fires. 

In order for the charcoal fires to be detected with the systems used on this project, an 

unobstructed line of sight must exist between the fire and the detecting cell. This is true because 

the infrared energy will not penetrate the vegetation of the canopy. If "holes" are not available 

--the fires will not be detected. For some fires there will not be a zenith line of sight, but 

there may be one off to either side. For other fires the reverse will be true. Thus, on suc-

cessive passes of the aircraft (all slightly different) some fires will appear and disappear. The 

problem of detection is not concerned as much with the total amount of openness in a canopy over 

a fire as it is with the distribution of this openness. In some cases chances of detection are 

better through a dense canopy with several holes than through • less dense canopy with its 

greater hole area combined into a single opening. •• 

For equal densities of cover, chances of detection are better through a low-lying cover, 

such as on line 2, than through a high canopy.. such as on line 1. This is analogous to viewing 

newsprint through a tissue with the tissue midway between the print and the eyes, in contrast 

to viewing the newsprint when :t is in contact w:ih the I:me. 

It is reasonable to think of the average percentage detection figure as the probability for 

detection of a single fire concealed beneath vegetation representing an average ubscuration 

(i.e. , 100 attempts to detect a single fire through average vegetation should yield essentially 

the same results as 10 passee over 10 fires). This is probably a valid assumption, since 

detection depends upon chance alignment of the scanner aperture with a fire through line-of-

 

eight openings in the vegetation. Using the detection figure for line 1, 30.6%, iiie proba-

bility for detection of one fire from an arbitrary angle on one pass (p1  = 0.306), we may predict 

the increase in detection probability for multiple passes at other angles from the relation 

where n is the number of passes, or number of looks toward the fire from 

different points overhead. Results are as follows: For n : . 2, 3, 4. and 5, pn  = 0.306, 
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0.518, 0.688, 0,788, and 0.839. If the aircraft could cover each unit of area on the ground 

five limes, or if the instrument could be arranged to scan every point on the ground frnm tut. 

ferent aspect angles during a single flyover, the detection probability might be 'icrelised to a 

value greater than 0.8. Several possibilities exist for implementing this favorable replication 

In the scanning pattern. A framing scanner which makes a series of overlapping scans is 

possible (some years ago the obsolete AN/ AAS-4 scanner had this capability), or a design 

combining several detectors with wide-field optics might be devised. The advantage of seeking 

a target from several different angles within the wide cone subtended by radiation from the tar-

get is almost unique to this particular detection problem and relatively little serious thought .. 

has been given to it previously. 

The thermal imagery shows that the signal-to-background ratio is quite large--large 

enough for detection to be feasible from higher altitudes. It was intended to make successive 

runs over the targets at higher altitudes until the signals were lost. Weather prevented such 

flights and the highest passes were at 2500 ft above the targets. 

The figure of 41.5% .over-all detectabillty or 30.6% obscured detectabillty with the indium 

antimonide cell over line 1 applies only to these tests. In a real situation, this figure may be 

too high, for in many ways this project was biased towards success. For example, all missions 

were coordinated between the aircraft and ground personnel at the target site. The air crew 

knew where to look for the fires and they were often directed in by radio, flashing lights, or 

flares. Even under these conditions, many passes were off the selected line and beyond the 

field of view of some or all of the fires. The imagery itself was checked and rechecked. The 

people evaluating the imagery knew where to look for signals from the fires, and could place 

prepared overlays on the imagery to check off the various sites. 

A more realistic test would be provided by selecting an area (1 or 2 square miles) in the 

rain forest where a small group could wander for several days, lighting fires at sunup and sun-

down. The aircraft would then be forced to search for fires. This would provide a figure of 

merit more applicable to the situation of interest in military operations. 

A variety of methods were used in an effort to coneeal some of the fires--as indicated. 

these were not all successful. For one mission, five charcoal fires were lit In a large open 

parking lot and pans of water were pla:ed over two of the fire-pails. These pans were larger 
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in diameter than thc pails and effectively hid them from vertical views. Both the indium antimo-

nide and the copper-doped germanium cells detected all pails on all passes. Although, when 

looking directly down, the detector would sense radiation from a 100•C source, it could, when 

looking from any other angle, receive radiation from the hot sides of the pail. Pans of water 

would effectively reducz the detectability of these fires if measures were els) taken to block the 

radiation from the pail itself. This could easily be done by placir.g the pail in a hole in the ground. 

Some consideration was given to the possibility of detecting warm Smoke or warns air 

rising at treetop level or above. In a warm tropical environment, detection of warm air would 

only be possible in selected, very narrow spectral regions where Lie w:Ith of the molecular 

absorption band might be sensitively temperature dependent. Available energy is severely 

limited in any such narrow region, and the thermal variation or "noise" presented by the back-

ground (see the radiometer trace, Fig. 5) would seem to preclude the possibility of success with 

this approach. Smoke is rarely detectable by infrared systems, even if warmer than the ambient 

air, unless it is dense enough to be detected visually. 

CONCLUSIONS 
oral •gu., 

I. The use of an infrared thermal scanner to detect small ground fires obscured by a 

vegetative canopy has been demonstrated to be feasible. 

2. The filtered indium antimonide cell (4.5 - 5.5u bandpass) proved to be the best choice 

In flying over dense canopy as this cell detected 41.5% of all fires and 30% of the fires located 

under the canopy. 

3. Under conditions of a high, dense canopy the success of detection depends as much on 

the distribution of the openings in the canopy as it does on the total amount that is open. 

4, The signal intensity from many of the fires was so great that detection could be 

successful at much higher altitudes. The flights for this project were usually flown at around 

1000 ft with 2500 ft being the highest pass. Weather prevented flights at higher altitudes. 

5. In open grassy areas the indium antimonide cell detected personnel at 500 ft. 

6. One of the problems that will be encountered in field operations is the exact location 

of "hot" signals and the speed with which they can be relocated for strike purposes. 
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.... -RECOMMENDATION .. 
(Unclassified) 

It would be interesting and worthwhile to determine the capability of the systems used in 

this study to detect fires under conditions of search. For this purpose a target area in the rain 

forest of Puerto Rico, 1 mile by 2 miles in size (preferably along line 1), could be selected. 

A research ground party could traverse this area, lighting fires at dusk and dawn in different 

locations each night. Following a derieri of controlled location flights the sensor aircraft 

would have as its objective "search and detect," These operations should be acaompanied by 

a truck-mounted radar which could track and position the aircraft throughout its passes in the 

target area. This would be necessary for determining the position of the plane with respect to 

the targets for proper ar,llysie of the study. MI of the above would necessitate detailed canopy 

observations at each fire-lighting period. 
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ERROR ANALYELS AND DATA REQUIREMENTS  

FOR MODELS OF P1 E - RE VOLUTIONA R Y CONDITIONS (U) 

Unclassified 

A t Associate. Inc. 

Cambridge, Massachusetts 

ABSTRACT 

(Unclassified) 

Models of pro-revolutionary conditions can be useful to inter-relate data from the 
actual World situation so that critical problem' contributing to instability can be identified 
early enough for timely action. The reliability of model results depends nn data collection ef-
forts to provide values for variables that are within acceptable error limits, and model sen-
sitivity to data accuracy should be compared with the feasibility of timely data collection re-
quired to keep accuracy within these limits. 

• Model' of pre-revolutionary conditions can be useful to inter-relate cista from the 

actual world situation so that critical problems contributing to instability can be it,..atifie' 

early enough for timely action. The reliability of model results depends on data i-ollection ef-

forts to provide values for variables that are within acceptable error limits, and model eon • 

sitivity to data accuracy should be compared with the feasibility of timely data collection re-

quired to keep accuracy within the•e limits. The following example may be helpful in illus-

trating this point. 

The preliminary model of Internal War PotenUal (IWP) designed 
M by Avila

* 
contains an expression for aspirations, A = bi T + b2 t 

+ b3  (L - L i ) where T = literacy. M mass med a coverage, and (r. - Li ) = 

achievement difference of a sub-group from the a ,erage. For this example, 

the following assumptions are made: 

Literacy (T) -- Out of a population of 8 million. 40% are literate (3.2 million). A 

50% increase in literacy is expected over 10 years, which would add about 160,000 new Nur-

 

ate* each -ear. Literacy data are available yearly with a one year delay. Extrapolation may 

be used to estimate current literacy: 

3,200,000 one year old data 

160 000 extrapolation 

3,360,000 estimated current literacy 

Aosume an error of t 20% in the extrapolation = 32,000 people. 

1111 1 /sity, Washington. D.C. April, 1965. 
'Preliminary Model of Internal War Potential". Working Paper. The 

11.11  
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Mass Media Coverage  (M) -- One indicator of this tector ts daily newspaper circui•-

flan per 1000 people. Assume that :Irculation figures ire available weekly and contain rela-

tively little error. However, population •rrors are significant. Assume that population data 

are updated yearly with a one year delay and that an annual growth rate oi 2. 35, c•n be expect. 

ad: 
8,000,000 population data one yesr 

184 000 extrapolation (2.3%) 

8, 184, 000 current estimate 

Assume an error of + 20% in the extrapolation c t 36,800 people, The increase in circulation 

is BO copies per 1000 people, or 654.72 x 106  copies per 8.184 x 106  ±36,800 people. The 

error is about tO. 6 copies per 1000 people. 

Achievement Differences (r, - L i ) To simplify the level of achievement term for 

the purpose of this example, assume that achievement differences can be measured by differ-

ences in personal income, The average annual Income (L) is recognised to e $300. However, 

annual income to the sub-group (Li ) le assumed to be undetectable for a 3 month period and to 

vary from $400 to $1000 per year, producing an error in Li  of $600 per year. 

Assuming no errors, A = bi T + b2 + b3  ir - LI ) 

b1 (3,360,000 people) + b2  (80 copies/1000 people) 

+ b (300 . 400  

U this final value for aspiration were scaled to equal SO (on a 0 - 100 scale), and if each of the 

3 factors were assumed to contribute equally to aspirations, then: 

50 
b T .= 1 1 -

 

50 1  
=

4.97 a 10 
b

-t 

1 T 13.360.000 people)  - people 

50 6214 

50 1000 people) v 208 b2  = -.— ( 3 80 copies 

SO 
b3  It. • Li ) = 7 

, 
3 -1—  1 

_ SO 1° , . fe
ri
ai ) -.167 i llE 

The error r (f b + ( ( 3b3)2 
(Assuming random .1 1 1)2 a 2b 2 
errors) 

 

 
 

4 - 
000 people) ( 

6 97 X 10 
* 6  1310eapeoplel pe op o 

2 
0600 ) 
L year 

Rog e-20 -1] 
copy 

al.0253 + .0156 + 10,040 ± 100 
aM 

Since A bi T + b2 + b, Cr. - Li ) E SO, 

+ 100 
the error Is - —0  x 100 = - 200% 

$30 
To hold the error down tot C 3  = 
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In this hypothetical situation, the most critical (actor is the change in income of a 

sub -group. An undetected change in yearly income of gr•ater than $SG (in the $400 per year 

l..'  error tn the 4'1.1311-anon value beyond tiu%. fl illth a calcula-

 

tion is to be made in a model for operational use, data collection efforts in support of aspira-

tion daterertioation should clearly be aeneentrateei on eceurste end timely determination of 

- L 1), with relatively little effort devoted to T and M. 

In the cas• shown, it does not seem feasible to collect data that would detect a 130 

difference in yearly income of any significant •ub-group. Even if this were fea•ible, such 

differences might vary well be random perturbations in the 'noise level • and data collection 

efforts to detect it would be of little value. Here the model designer must be called on to pee 

U another indicator above the noted, level with feasible data collection requirement. might be 

used to fulfill the intended function, or to see if the function is so critical to the modeled pro. 

case that it could not be eliminated. U it is not feasible to collect data for an essential func-

tion, the model cannot be used to provide operationally useful information. 

Similar calculations can be mad• for the other terms in this model and others under 

consideration for matching model requirements and data collection efforts. 9 

Because of the difficulty imposed by data collection problem*, it might prove use-

ful to have available a rather simple model that could accommodate whatever data were avail. 

able, and that would impose no unique data collection requirement*. It could also serve as a 

check on other models that might be in use, since data preparation should require little addi. 

tional effort, The following chart and corresponding example indicate the overall operations 

involved, 

eWhen the model requires multiplication of term., products with random errors are of 
4 

the form: 'fl' xi l- [ j 
2 ]  1/21 
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Data Classification and Inter retation 
Re at ye C snge• n 
Values Events Probabilities  

Incumb ritsurg 
Variables  

Political 
Economic 
Social 
Security 

• 
• • •'• • • ''".M.1:?. •:.4.1'": •41.1i • .."7:7;1-

 

. . 

•• • 

r  Data from Indicators 
and Surveys 

             

  

Expected Value Calculation  

Insurgents Incumbents 

   

     

             

             

             

         

Critical problems for both 
sides shown by their major 
contributions to the total 
expected values 

    

Ratio indicates 
degree 

• of stability 

  

             

             

   

When modified by 
use of coercion, 
Apparent Stability 

     

        

        

z 

• 

Action taken will 
influence data 

   

  

Optimal allocation of 
resources to solve 
problems 

  

   

FIGURE." I. MODEL FLOW CHART 

For example, the independent variables in Avila's IWP model wore used with as-

 

sumed events and values, and they are shown in the table on the following page. The first 

line of the table considers the factor, Literacy. Assume that the incumbents have been 

forced to curtail a previously instituted system of village achools and mobile literacy teams 

due to a lack of resources, The population might very well interpret this event as an indica-

 

tion that the incumbents would not be able to provide the potential economic and social bene-

 

fits available to those who can read and write, and the promises of the insurgents to provide 

these benefits would become more credible. This situation is interpreted as the change in 

probabilities shown. 
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11- 717-Churchman-Ackoff approximate meal 
an internally consistent set of relative values 
ing Applied Research Decisions, Wiley. 1962, 

would be useful in assigning 
Scientific Method: Optimiz-
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The assignment of both probabilities and relative values of benefits is a •ubjectivii 

operation and must be performed by ar.. enurrt• c.f oi inciivi-

 

dual indicator changes. However, the range of posiiible values that could be assigned to repre-

sent the chant, of population attitude due 10 lb* event is rather small, and these iimsiErwbA to 

represent relative value is small because of the requirement for a set of internally consistent 

values. The impact of absolute errors is further reduced by the fact that only relative values 

are Important in the final results. Area experts are required to make decisions about indica-

tors significance one at a time only. The subsequent operations serve to combine these deci-

sions in a meaningful way and allow the accommodation of many more factors than a single 

expert could relate at any one time. 

The expected value calculation is made for each opponent for both before and after 

the events, and "Stability" ratios of Incumbent Value/Insurgent Value are formed, as shown 

on page 7, 8 , 

Variable 
Relative 
Values' As•umed Events 

Probability that either side can provide the ! 

Benefit 
Before Event After -Event 

1. Literacy 

( - 10) 

7 Drop in previously 
steady improve-
merit rate (O. 8) x 
(7) . (5.6) 

Incumb. 

0.8 

(5.6) 

Ineurg. 

0.1 

(0.7) 

Incurnb. 

0.6 

(4.2) 

Insure. 

0.4 

(2.8) 

2. Mag• Media 
Exposurc 

6 Powerful rebel 
radio station .ner 
ates daily. Gov-

 

ernment station 
jammed, 

0.7 

(4.2) 

0.3 

(1.8) 

0.4 

(2.4) 

0.7 

(4.2) 

i 
3. Level of 

Achievement 
7 a) Newly organaed 

national airline 
fails because of un- 
reliable operating 

0.9 

(7-2) 

0.6 

(4.2) 

0.2 

( 1 . 4) 

0.1 

(0.7) 

0.4 

(1.8) 

0.5 

(3.5) 

0.4 

(2.8) 

0.2 

(1.4) 

  

Drop in b) con- 
gumption of build-
ing materials 

4. Real per 
capita ir.corr 

9 No change. Previ 
ous growth rate-0 

0.7 
(6.3) 

0.2 
( 1 • a) 

0.5 
(4.5) 

0.3 
(Z. 7) 

5. Pe rcentage 
rural population 

4 No reduction after 
period of steady 
decline 

0.7 
(2.8) 

0.2 
(0.8) 

0. 5 
(2.0) 

0.3 
(1.2) 

b. Percentage on- 6 
employed in labor 
force I 

Reduced 0.5 
(3.0) 

0.3 
(1.8) 

0.7 
(4.2) 

0. I 
(0.6) 

7. Prestige attached 
to a given level 
of tachieverne 

6 

t 

Increased prestige 
fur poice work re-
gutting from appre 
hensionof crimin-
als and heroic citadel 

0. 5 

(3.0) 

0. 5 

(3.0) 

0.7 

(4.2) 

0.3 

(I. 8) 

TABLE! 

DATA CLASSIFICATION AND INTERPRETATION 



.,,,,Iszemmealeg.8881118 

variable 1 1 
Relative 
valuer • A•sumed Events 

Probability that either 

lneumb. In•urg. 
Benefit 

side can provide the 

_ IncuInsurg. 
Insurg. 

 

(1 -- 10) 

 

TrE umb. Insurg. Incumb. 

S. Pe :capita 
investment 

in social pro- 
Joel, 

5 Decreased from 
slowly rising 
trend 

0.6 

(3.0) 

0,4 

(2. 0) 

0.4 

(2.0) 

0.6 

(3. 0) 

9. Govern- 
mental Extre- 
mum 

6 Ratio of extre- 
mist Government 
leaders to rest 

0.7 0, 1 0.4 0.4 

 

_. 
increasee (4.2) (0. 6) (2.4) (2.4) 

10. Involvementl 7 
of country in in- 

U. N. member- 
ship achieved 

0.4 0.2 0.6 0,1 

formational affai 1' I 

 

(2.8) (1.4) (4.2) (0.7) 

   

,... 

  

., 
11. Multiplicity 
of non-govern. 
mental pattern. 

4 Trend toward 
uniformity- - 
Bipolarixation 

0.5 0.5 0.4 0.6 

of authority 

 

more likely (2.0) (2.0) (1.6) (2.4) 

12. Number of 4 More identified- 0.6 0.2 0.4 0.2 
elite groups 

 

reduced cohe•ion (2.4) (0.8) (1. 6) (0.8) 

13. Number of 
common threats 
to elite group 

5 Reduced 0.6 

(3.0) 

0.2 

(1, 0) 

0.4 

(2.0) 

0.2 

0. 0% 

14. Overlapping 
interests of 
elite groups 

5 Industrial lead- 
• ro become 
government 

0.4 0. 3 0.7 0.2 

  

officials (2.0) (1.5) (3.5) (1.0) 

15. Number of 
salary increase 
to Army officers 

5 Reduced 0.8 

(4.0) 

0. 3 

(1.5) 

0.5 

(2. 5) 

0.4 

(2.0) 

I 
I

 

TABLE I (cont.) 

DATA CLASSIFICATION AND INTERPRETATION 
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txpected Value Calculation  

iPrett.tbility "umneiit ij (Value of benefit 1) it! 

After Events 

Incumb Ineurg 

47.6 30.8 

Stability Ratio! 

Incumbent Value  
insurgent Value 2.6 

Critical Problems 

a 
Identification  

U the range the ratio for serious instability were sat to be from 1.5 to 0.S. the 
events described would have led to the brink of this range. The variables that contributed 
to the reduction of.Incumbent value in the order of decreasing importance were: 

Variable Reduction 
3. 4.4 
2 1.8 
4 1.8 
9 1.8 

15 I . 5 
1 1.4 
8 1.0 

13 1.0 
5 0.8 
3b 0.7 

II 0.4 
12 0.4 

Variable' that contributed to the increase of Insurgent value in the order of decreasing im-
portance were; 

Variable Inc eeeee 
1 2.8 
2 2.4 
9 1.8 
3a 1.4 
8 1.0 
4 0.9 
3b 0.7 

15 0.5 
5 0.4 

11 0.4 
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If the Incumbent assigns equal weight to decreasing his own loss of value and reduclna ineur-

:ant ! van'', than his priority for action list would be °retired as follow•: 

Variable Potential ,Change 

la 5,8 (4.4 + 1.4) 
1 4.2 

 

2 4.2 

 

9 3.6 

 

4 2.7 

 

8 2.0 

 

15 2.0 

 

3b 1.4 

 

5 1.2 

 

13 1.0 

 

11 0.8 

 

12 0.4 

 

If the Insurgent considered that he could accelerate the drc -easing ratio trend by continued 

concentration on the issues that led to his more favorable position, big priority for action 

list would be the same as above. If he preferred to concentrate on the issues that detracted 

from his value and added to Incumbent value (with equal weight), his priority list would be: 

Variable  Change Potential 

6 2.4 (1.2+ 1.2) 
7 2.4 

10 Z. 1 
14 2.0 

This same list would hold if the Incumbent wished to further strengthen his advantages. 

Action taken by either side would produce new events. As they occurred they could 

immediately be added, the lees salient events eliminated, and new ratios and priority lists 

produced. Even though priority lists of problems would assist action decisions, they would 

not indicate what actions are best. However, data in the form of problems with relative 

numerical values for potential payoffs for problem solution are suitable for processing by 

mathematical resource allocation techniques. What remains is the collection of data during 

the decision-making process on (1) the quantities of various resources such ail money and 

manpower that could be expected to reduce each problem size; (2) the total quantities of these 

resources that were available for problem solutions; and (3) indications of preferences for 

minimizing value losses, maximizing value gains or attacking the opposite conditions for the 

opponent. I:id:cations of optimal allocations of resources would then be available more ef-

fectively to assist final allocation decision.. 

In summary, candidate models for operational testing and use should be analyzed 

term-by-term for compatibility of model data requirements, and the feasibility of collecting 

appropriately accurate and timely da\ It would be useful to have more than one model in 

operation to provide independent means ofsprocessing data, so that correlations would be 

available to support decisions for action. The model described would be particularly appro-

priate for this purpose, since it has no unique data collection requirements. The main advan-

tage to be gained is the ability for action decision-makers properly to consider a much larger 

number of factors than could be taken into account without the use of such techniques, and 

thereby to use their resources more effectively. 

1 

 

9. 

450 ' 

a 

 

 .•••••••••••,,-.-

 

   



453 

• 

•UIPIRONI11411.0.416•0•Ww••••••••••••••.• ••••• 

•-• •-••• Wr• - r•fr:I"..•••:/.1" - • •-•.( • 

mums PAIS WES SLAW. fillettali 110 MDT sumo  j 



Mirt:"1"."7," • lair  77-

 
. . . 

"=•SiWiaiiicAllul coa.rtwow••••....• • v •ftextoMeWe gir 
Ns

 g
i.1

0.1
r!e

ll
if_

 V
.1.1

11 

RESONANT-REGION, PHASE COMPARLSON RADAR FOR 

DETECTION OF OBJECTS IN CLUTTER(U) 

eferessiidositiri+ 

C. J. Sletten, P. Blacksmith, C. E. Ellis 

Air Force Cambridge R h Laboratories 
Bedford, Massachusetts 

ABSTRACT 
'140mefiehmette44. 

Based on known characteristics of resonant object scatter-
ing and reflections from terrain as functions of frequency, a HF 
radar suitable for.airberne detection and location of trucks, 
guns and aircraft with dimensions of approximately 20 ft. is 
being designed and tested at AFCRL. This paper describes 
design considerations for a radar with 1°  or better azimuth 
and elevation location accuracies withuut electronic or mechani-
cal scanning or delayed data storage and processing. Results 
on an 5-band phase-comparison radar are presented emphasiz-
ing importance of the coherence characteristics of clutter and 
resonant objects. Some preliminary scattering data obtained 
by modeling objects in foliage ie available. Particular atten-
tion is given to antenna design and special phase comparison 
receivers in connection with a 30 MHz radar. 

1. INTRODUCTION 

This paper reports initial experiments and studies being conducted at AFCRL to develop an 

airborne radar system capable of locating ground vehicles, aircraft, and weapon installations 

against a background of natural vegetation when these objects have structural dimensions from 4 
15-30 ft. Such objects are nearly resonant at an operating frequency of approximately 32 MHz 4 

and present a large radar backscattering cross-section even when concealed in foliage ur by 

camouflage techniques. Work to date on a radar capable of providing the range and range-angle 

resolution needed for Recce strike operations is reported along with relevant experimental and 

theoretical results on the phase comparison and diffraction principles underlying the radar 

method. 

2. BASIC SCATTERING RELATIONS WHICH MAKE HF AND VHF RADARS 
ATTRACTIVE FOR DETECTING AND DISTINGUISHING LARGE RESON-

 

ANT OBJECTS ON THE EARTH'S SURFACE 

Metal objects of almost any shape about )412 long scatter essentially like dipoles. 1 It is 

well known that, a the radar cross-section for a resonant dipole depends on wavelength 

approximately proportional to 0 or 

= kX2  (dipole or resonant object) 
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where k 0.1 and • varys relatively slowly with orientation of thick objects and changes in 

radar polarisation. At lower radar frequencies, ). becomes large and the cross-section of a 

20 It. automobile at 30 MHz might be several square meter*. 

.....—.6Ub. alma Amt.. 9W1tti.zeisla a Max1l3aM difaiitaien. Ds which it sraill_ccimpArmlto .tbs. 
10 meter wavelength, such as leaves, branches, rocks, etc., scatter very little because they 

are in the Rayleigh scattering region characterised by scattering dependence on wavelength 

6 

4 

However, the earth's surface covered with vegetation tends to appear relatively smooth and 

specular at these frequencies (and lower) and reflects most of the electromagnetic waves in direc-

 

• tions other than back toward the airborne radar. The simple equation governing the roughness 

' of the surface is 

t• sin 0 — X
 

where g is the Rayleigh roughness parameter and I I. the angle of observation from the hori-

zon. A smooth altaffIC*, of infinite extent would be wholly specular and would not reflect electro-

magnetic energy back to the radar except at normal incidence. 
2. 3,4 

Under Ideal conditions then (see Figure 1), very large objects might completely dominate 

the back scattering from the rough surface of the earth if detected by radars with low frequen-

cies when such objects are 71.12 long and at low angles of incidence. No doubt the radar display 

for a 1-2 MHz vertically polarized radar might regicter only tall buildings, broadcast antenna 

towers, mountains, etc., if the sensitivity vs. time response were properly controUed. 

A first order complication to this simple picture rew•lts, however, when we consider the 

so-called Fresnel coefficients
5, 6 

which describe the reflection from a lousy plane surface for 

different plane waves polarized in or transverse to the plane of incidence. For /ow elevation 

angles the field strength for horizontal polarization is very small near the surface of the earth. 

This means that ground vehicles or installations will be weakly illuminated by low flying rtdars 

and, therefore both the low objects and clutter from low vegetation will Lcatter very little. For 

vertical polarization, a similar effect takes place reducing to a lesser extent the field 

strengths near the earth's surface and in particular causing a sharp dip in illumination at the 

polarizing, or Brewster, angle. Thus the smooth leafy earth's surface is anisotropic in its 

reflection properties. In addition, trees and most natural growth have strong vertical support 

members increasing the dipole-like backscattering for vertically polarized radar& with wave-

lengths about equal to the vegetation height. 

, 4•ez. 

par  
_ —............••••••111111.1iiial In 1? 
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The choice of radar polarization for detection of targets of military interest is not 

obvious. Horizontal polarisation will reduce the masking echoes from trees with vertirsi 

dimensions about the same a• missile launchers or trucks. However, vehicles near the earth 

will be more strongly illuminated by vertical than horiaqntaLpolarlsation... diffloult•te . . 
determine  whether *object crosa...section will be strong enough relative to background to give a 

useful amplitude contrast on a radar display. Experience with a properly designed radar to 

investigate polarisation responses, frequency Characteristics of echoes, coherence character-

lilies of echoes, and elevation angle functional dependence will be obtained with both air and 

ground installation, at AFCRL. /t le felt that the differential frequency response of clutter vs. 

resonant metal object. can be exploited by a phase comparison radar operating at about 10 meter 

wavelengths leading to a simple airborne radar for Recce strike missions. 

3. WHY PHASE-COMPARISON RADAR? 

There are two principal reasons why phase-comparison radar is well-suited to the need• of 

a Recce strike airborne radar in the liF band. First, it is difficult to get high-gain narrow-

beamwinth antennas on aircraft at 30 MHs. Angular accuracy and resolution for display or guid-

ing a missile from the aircraft for example, must be obtained by means other than producing a 

diffraction pattern with a physically large phased array or focussing antenna. Second, the con-

trasting coherence qualities of point and distributed targets are useful in clutter discrimination. 

The phase-comparison radar performs an auto and cross correlation on the phase of all target 

returns in connection with the technique used for angle determination within the wide antenna beam,. 

3.1 Working Principles of the Ander 

Although the details of phase-comparieon radar design are covered in th... references, 
7,10 

the °plc parameters for a practical HF system are given here. Figure 2 shows a possible 

dual-yagi 5-element antenna with two phase centers. Each 5-element yagi will p:oduce approxi-

Mately 70°  E-plane beamwidth• to 3 cil3 points or 1100  beamwidths to 10 dB levels. Assume a 

1 .. sic pulse (center frequency of 32 MHz) Is transmitted on antenna Number I only. A return-

ing plane wave reflected by a distant point target is also represented on Figure Z. 

The plane wave will arrive at antennas Numbers 1 and 2 with equal strength, because their 

patterns are identical. but retarded at antenna Number 1 relative to antenna Number 2by 

kd it)t 

Zit

 sine =4,  electrical radians 

k -- or Oa 2trsine 
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at + 300  E plane angle, at -v 3 dB level of the enteric... pattern., • will equal 0  radians or 

180 electrical degree.. 

If electrical phase can be measured on received echoes to an accuracy of 3 electrical 

degrees an E plane bearing eagle Of  . 1 angular degree ea n he measured. 
1806 2 

Direct measurement of the angle of arrival of plane waves by an antenna system through 

phase measurements is not new, An application to focussed antennas to obtain instantaneous 

display of angular coordinates in a wide search beam for a wide dynamic range of signal 

strengths was reported in reference. 7 and 8. Angular accuracy and resolution do not depend 

on the usual Rayleigh diffraction limit e
radiana 

where D is the dimension of the 

antenna In the plane wh•r• 9 is measured. Angular accuracy on a phase comparison raci•r is 

controlled by signal-to-noise (or clutter) which limits phase measuring accuracy and the phase-

 

in-space diagrams of each antenna pattern. When only one isolated target or a dominant single 
• 

target due to a resonant object at low frequencies is present, thm its angular position can be 

determined accurately. Aircraft over a smooth sea or land might provide such ideal condition,s, 

Another yagi antenna one wavelength above the transmitting antenna coult provide both azimuth 

and elevation coordinates on a single flying object. Angular resolution of multiple targets in a 

given range bin depends on the interference or coherence characteristics of targets at different 

angles of arrival. Incoherent returns, or targets with sufficiently large doppler shifts in fre-

quency, can be resolved in the phase correls.tion process used to measure angle of arrival. By 

definition, incoherent scattering due to rapid random motion of sea or foliage will produce 

reflected pulses with cross-correlation equal to zero. Tu see how reflected pulses with 

different doppler frequencies will interfere, consider the following example: 

A simple model for phase comparison radar for determining target azimuth is that of 

correlation receiver. Consider Figure 3, An aircraft having two omnidirectional antennas 

separated by a distance d is observing the radar return from a target having an azimuth angle 

0,. For simplicity, the clutter return is represented as coming (Torn a point scatterer at 

azimuth O. The clutter return is assumed to have arbitrary (but coherent and constant) 

amplitude and phase with respect to the target return. Further, the target and clutter have a 

common range R. In Figure 3 the p:ane waves scattered by the two targets are shown 

arriving at the antennas. The total signa: at each antenna terminal is the sum of the signals due 

to each plane wave. The signal from one antenna terminal is delayed and multiplied by the 

signal from the other terminal. The result is integrated to give the system output. 

Let us consider the eystcm output in detail. Let Si j  be the signal at antenna terminal 

due to plane wave 1. Consider first the signals due to plane wave I or, equivalently, the 

target return. At antenna 2, S 12  A Cos (w i t + 4, ) . 
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whore A and it are the relative amplitude and phase of the signal from the target compared to 
the clutter signal. Also at antenna I, 

Sll o A Co. (w 1t + - lid Sin O) 

where k 2 40/C and ltd sin 0 1 represents the phase shift due to the delay of plans wave 1 

In arriving at antetuut 1. 

The signals due to plane wave 2 or, equivalently, the clutter return, will have a different 

frequency, wi  + 0•0, due to the Doppler frequency shift which in turn is due to the different 

normal components of the aircraft velocity for the two scatterers. Thus at antenna 2 

S22 • Cos  

where AkR accounts for the phase shift due to the additional number of wavelengths in • 

distance R in the higher frequency wave. At antenna 1 

Szi • Co. {(wi  + Aw) t - (k+ ikk)d sin 02  - AIM] 

where lid sin 02 is the phase shift due to the delay of plane wave 2 in arriving at antenna I and 

A lid s1ne2 is the additional delay due to the fact that plane wave 2 is at a higher frequency. 

The total signal at antenna 1 is 

S I (t) • S11  (t) S21 (t) 

and at antenna 2 

S2 (t) • S12 (t)+ S22 (t). 

The correlation procem. corresponds mathematically to 

(t) . S T1  S T(t - *) S (t) dt 
0 

4 
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• target-clutter cross correlation taken between antenna terminals 
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• 2:fsieT sin fkd sin 01  - (w 1  + • - iskR + &ATI  • di 

- sin rkd sin 0 1  - + do)* AkkR - 
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- cm (kd sin 0 - 7 + 
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where Ti  is the system Integration time and • In. the correlation, is the system output. 
Using Ins above signals 

0 (.) • °V s  + 
11' 12 21' SZ2 

+.41) 
+ *Al 

s S 
11 S22 21 12 

where 

4i1)  S 
• target signal autocorrelation taken between antenna terminals 

11'12 AZ 
• — Co. (cr i T - kd sin 01 ) 2 

• clutter signal autocorrelation taken between antenna terminals 

•
1 cos + &a) T - (k + AU) d sin O

is
) 

1 •• y cue W I T - ltd sin 0 2 / 

tv 
Zalw 

A r sin [ lid sin 0 1  - ta l l' • 41‘ati  - 4,) 
- sin (kd Girt 01  -  

and .(e) • target-clutter cross correlation taken between antenna terminals S21 , SIZ 
• [sin [(k + 45k) d din 1;2  

A  
2A6'Ti 

+ AkR - iis,T.+ 
''l--

 sin [(k + ak) d sin 82 t i  
- + AkR + 41] 
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It has been assumed here that the integration time T, is large compared to the period of the 
sum frequency output of the multiplier. 

Consider an aircraft flying at 100 meterefeecond or 194 knots and a target at an 

zaimuth attgl•. G. of 21co at a Tara* P. ot 30 kilometers or about 20 Take Ow 
separation between the target and the clutter point to be • 1° . Thus 82  a 20° . The separa-
tion between the antenna is lk or 10 meters. The radar operates at a frequency of 30 MHz and 
a pulse width of 1 u see. Using these parameters the following results aro obtained: 

ta l  • 1.89 x 108  as compared with Aga • .775 

kd • 2's. compared with Iiitd• 2.58 x 10-8 

The other angle which can be ignored AltR • .775 x 10-4 

11' s 12 
The 7 necessary to maxtrnize the first terms Of 4(r), OAT)  would then be 

a 1.293 x 104  sec 

or 12.43 nanosec. 

This corresponds to a pilau.° shift at 30 MHz of co lr t  1340 . This phase shift is intro-

duced between antenna 1 and the multiplier and will be exactly equal to the phase shift which the 

plane wave from the target undergoes between the time it impinges upon antenna 1 and the time 

it impinges upon antenna 2. A measurement of this phase shift thus determines the angle of 

arrival. A representative radar problem was simulated on an IBM 7040 digital computer. 

Figure 4b is a plot of the total correlation output vs the delay time r . The problem para-

meters are shoat. on the graph. The r which maximizes the correlator output will determine 

target angle according to the expression 

- 7C a sin — oTarget 

The lower the relative amplitude between the target and the clutter, the more this peak will be 

spread out and in error since the target-clutter cross-correlLtion terms will have more of an 

effect on the total correlation function. 

For the case of Figure 4b, the relative amplitude of the target to clutter fields is 3:1 and 

the separation is 10  of azimuth. The which maximizes 4, is 10.7 nanoseconds which 

gives a target angle of 19.8° . The target angle entered into the simulation was 20° . Thus it 

can be seen that with a reasonable target to clutter ratio good resolution is possible with an 

integration time of 1 ix sec. 
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If the target to clutter ratio is degraded the target-clutter crow(' correlation terms must be 

reduced for good resolution. This is best done by integrating the correlation output for a longer 

time. Figure 4a I. a plot of the crosscorrelation terms and output integration times for the 

same parameters ae the simulation in Figur• 3. It can be geen that for integration Urns' on the 

order of eeconds those crosscorrelating terms are reduced because they have a frequency equal 

to the differential doppler shift between the target and the clutter. It is apparent that the best 

system would be a side looking one since the relative doppler shifts would be the highest. 

The following conclusions may be made concerning the result for +(r). When the target 

signal is large compared to the clutter signal (A>> I) the target autocorrelation term pre-

dominates. Further, this term is a maximum for a phase shift r given by 

T • Sin 0
2 

and hence that azimuth angle of the target may be determined. The next largest terms in 4(+) 

are the signal-target cross-correlation terms, they being of order A. These terms oscillate 

at a frequency of Aca, the relative Doppler frequency, whereas the autocorrelation terms are 

U. C. Notice that for large integration times, Ti , these cross correlation terms can be made 

email. This is true only as long as Cu.,* 0, that is, there is some angular separation between 

target and clutter. Target and clutter at the same angular position cannot be distinguished unless 

the target return is much larger than the clutter return. 

An additional interesting aspect occurs when we consider both •ignals as being due to targets 

of comparable scattering Amplitude A. The D.C. terms of the correlation function are, 

neglecting Ziag+ and Alcd as being small, as follow.: 

A2 
OCT) • —i- (Co. (wcr - kd 'Mei ) + Co. (44 + Ac4r - (k 

1 
dck)d sinez  ) 

2 kd ( sin0i  + sinez ) 
= ACos -y- (sin02  - •1n01 ) Co. co i -r kd 

2 

This last result shows that without processing the cross-correlation terms, two scatterers of 

approximately the same magnitude appear as a single scatterer of amplitude 

AdVIZ Cos T(ein 8, - sua 
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located at an angle 

9 . sin -1 61n01  Sin% 

2 

somewhere between Pi  and Oa 

It would appear, therefore, that this method of radar detection and angular location will 

work best when the scattering from the resonant metal object. exceed the clutter scattering in 

a pulse packet or at least in that angular sector of the pulse pocket where reflection I. largely 

coherent and differing little in doppler frequency shift. The autocorrelation performed on 

reflections from the same targets but received on the two antennas will always map target poei• 

Lions faithfully. However when there is substantial phase correlation on multiple targets in a 

pulse volume over the time intervals used in integrating the display, blu'rring or destruction of 

the angular location data may result. In our design, we are incorporating automatic gain con-

trol and time sensitivity control methods to sort out the strong targets of interest before limit-

ing (clipping) and phase comparison is done. In addition, Doppler filters are planned for 

resolving the 1800  ambiguities resulting from bidirectional antennas (dipoles) looking both fore 

and aft. 

Using these design principles, an aircraft carrying 3 dipole or slot antennae might survey 

ZOO azimuth degree. (30 elevation degree at 30 MHz and with sufficient power and receiver 

eensitivity to cover 100-mile radius for aircraft, trucks and munitions of resonant dimension.. 

Some results have been reported7  for a phase comparison radar operating at S-band. 

Enough experience is available to draw some inferences about the effects of the coherence of 

multiple targets on target location in the broad elevation beam of this radar. Figures 5a, band 

c show how precipitation echoe• fill the elevation sector where rain is falling as expected from 

temporally incoherent (non-interfering)targets. Figure 5a shows a rainstorm approaching the 

Isle of Shoals (the large dips indicating the Isle of Shoals at zero elevation). Shortly after 

Figure 5b was taken it shows how the storm has spread and increased in inteneity. Note that 

the weather in the area Just to the right of the last isle in the figure i• still moderate in inten-

sity. Figure 5 c shows all three islands engulfed in rain. Now, the Isles of Shoals are com-

pletely inundated by the storm but the three islands are clearly indicated. 

The phase comparison antenna (see Figure 6) and receivers being used here allow about 

20°  of elevation angle to be displayed r t any time during 3600  azimuth search with 4' Z 

electrical degree phase accuracy over 80 dB amplitude variation in signals. 8 

The HF resonant region radar will use the same phase comparison receivers as the 

S-band system but small antenna arrays suitable for airborne installations will be used for 

initial tests on the ground. Transmitters will bc those used in the TRAP-IV 30 MHz and 
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100 MHz airborne radars for detecting ionized wakes from reentry vehicles. The Ipswich site 

ed overlook. botn me Atlantic ocean and wooded lards in Massachusetts. These ground 

tests scheduled for summer and fail 066 are expected to yield information (1) on the azimuth 

angular aceurecy for 40 - 60°  beamwidths at approximately 32 MHz using phase comparison 

techniques, (2) the ability to detect and discriminate automobiles, resonant wires, boats, air-

craft, and other near-resonant object. against a background oi ground and sea clutter, and (3) 

the coherence or interference situation between solid objects and moving foliage and sea clutter 

at both horizontal and vertical polarisation. Model aircraft antenna studios will be made pre-

liminary to flying the phase comparison radar. The flying system will have fluctuating phase 

and amplitude return echoes as a function of azimuth direction and also will permit a wider 

range of elevation look angles. Because the phase comparison radar is expected to provide the 

best angular resolution on phase varying targets at elevation angles from 5
0

 - 70°  from the 

horizon the airborne system is expected to have the better performance, 

4. SCATTERING CHARACTERISTICS OF METAL OBJECTS AND TERRAIN 
INFLUENCING RADAR PERFORMANCE 

The performance of HF or VHF phase radar for airborne reconnaissance depends critically 

on the actual radar cross-section of objects on or near the earth's surface in relation to th" 

backscattering from the earth's surface and the natural objects on it. In addition to the primary 

scattering functions already mentioned, several other known aspects of the problem can not be 

neglected and will affect the resonant region radar's characteristics. Certain model measure-

ments and calculations have been conducted at AFCRL and a literature search for additional 

data is being made. The visibility of a dipole-like object in vegetation 111 of especial interest as 

a function of radar frequency, polarization, and angle of observation, coherence,motion,and 

other properties. By visibility we mean relative amplitude of the resonant object's reflection 

to background echoes (or other measurable distinguishable features of the target such as distinc-

tive polarization or frequency response). 

4.1 Radiation Properties of a Dipole Over Losay Earth 

An estimate of the effects of an imperfect earth on the long wavelength scattering from sur-

face vehicles can be made using established results in electromagnetic scattering theory along 

with a few reabonable assumptions. Consider Figure aa where a transmitting dipole at an 

altitude h is illuminating a vehicle and the imperfect earth. The origin of coordinates is takon 

directly beneath the vehicle at the surface of the earth. The transmitting dipole is assumed to 

have an arbitrary orientation in space and azimuth and elevation angles given by and 4, 

respectively. 

In the frequency region where wavelength ie comparable or larger than scatterer phy,..iL.31 

size, most scatt  will reradiate essentially as if they are dipoles. The equivalent dipole 
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moment is proportional to the incident electric field, the constant of proportionality beinr 

tht." edjer_t will lae assumed tor the purpose of this analysis that the vehici• 

has only one dimension with a significant polariaability and further, this dimension is parallel 

to the grettnd and erricatiut aliShg Li. A aide. Thus the vehicle is replaced for the electromag-

netic, problem by an x-oriented dipole at altitude d and dipole moment a E
x
t  [E t

x  is the 

total incident field due to the transmitting dipole at (o, o, d)] . 

The scattering problem may now be solved once one knows the total field at any point in 

space radiated by a dipole. This result is known having been originally derived by Somrnerfeld 9 

for the vertical dipole and Hgrechelmannl°  for the horizontal dipole. We use here the summary 

given by Norr.on. 11 

Coneider Figure 8b. In the 'sinus Adel steady state for large scatterer-transm.itter separa-

tions the scattered field returned to the transmitting dipole consists of the specularly reflected 

field from the earth directly beneath the transmitter superposed with the scattered field due to 

the equivalent dipole. The dipole scattered field consists of two terms—one directly radiated, 

and the other specularly reflected from the earth. Thus the total scattered field is known once 

the effective dipole moment a Eix  of the equivalent dipole is known. The field Ext  is the total 

field due to the transmitting dipole at the position of the vehicle (0, 0,d) in the absence of the 

vehicle but in the presence of the imperfect earth. This may be calculated using Norton's 

result'. The polarizahility a was chosen to be that of a slender dipole and was calculated from 

an integral equation solution for the current distribution on a receiving dipole due to Chen and 
12 

Liepa. 

" 

• 

The results of this analysis are quite complicated and will not be given here. However the 

results are being investigated numerically and a typical result is shown in Figure 8c. Indicated 

here is the target signature at 100 MHz of a half wavelength dipole located X/4 above the earth. 

The transmitter is assumed flown at a constant altitude of MX in the plane of the target. A 

constant transmitter power is assumed. The earth corresponds to flat, marshy, densely 

wooded land with 0,  12 and Cr • 7.5 x 10-3  mho/meters. 

The ordir.ate denotes the power scattered by the target arbitrarily normalized to the 

(constant) rower specularly reflected by the earth. The curves show a Maximum •cattering at 

elevation anglec of between 500  and 900  and tail off for small values of 6i1 and larze values of 

'due to the.1;7.4  attenuation of the power scattered by the target. Minor resonance effects 

Occur prlbab4 d•-.) o the interference of the scattering from the target and its image in the 

parte. _r deep null3 at %it A l  + 90°  are due to the fact that the target is off the end of the 

transm9tIng duulezr-4  hence is not illuminated. 

.irrctical pulse radar system no specularly reflected ground return will be received 

11h1Ce the radar receiving system will be turned off when this return arrives at the receiver. 
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Thus the results of Figure 8c are useful for comparing with the clutter return from a pulse 

range bin in the vicinity of the target. A sharp reduction in the 16 MHz clutter return ha• been 

reported by Steele at elevation angles less than about 130. It would would appear that from the 

point of view of maximising the power return from the target with respect to clutter power the 

optimum value of for observing the target would be something less than the 50°  - 90°  pre-

dicted by Figure Bc. This effect is presently being considered. Additional results, similar to 

Figure 8c for various frequency ranges and land conditions are presently available at AFCRL. 

More quantitative use of the targets cross-section as a function of frequency might be made by 

designing a variable frequency radar or a multifrequency radar system. Figure 7 illustrates 

the variations in radar cross-section a radar operating at a given Atingle frequency might 

measure for discrete objects with different maximum dimensions (in the plane of radar polari-

sation). Using simultaneous emissions on two frequencies certain objects might be bracketed 

in slue by making use of the rather steep Rayleigh, 1/k
4

, cut-off curves. Amplitude compari-

son of target returns on a low frequency radar could possibly be used to blank out targets 

appearing on the higher frequency radar. Construction of such a system will certainly be more 

complicated than a single frequency system and too little is known about terrain response as a 

function of frequency to be very optimistic about the value of a dual frequency radar in a clutter 

environment. 

Experiments were conducted, using modeling techniques at 3 GHz on resonant objects 

surrounded by foliage. A forest, Figure 9a was constructed of fresh spruce tree clippings 

whose height. varied in size from k/2 to 4k with diameters from X/64 to X/16, and which were 

contained in an area with dimensions of 3k by 2-1/4k. Resonant objects varying In length from 

k/2 to k and with diameters of X/16 to X/8 were placed at different positions within the foliage 

during the tests. Measurements were made of the backscatter from the foliage alone and then 

with the resonant objects placed in position using the AFCRL cw radar cross-section measuring 

facility. 

The size of the foliage area used in the measurements was kept small, since it would be 

more representative of what a radar operating in a pulsed mode would see. Althoue the 

foliage cannot be accurately modeled it is felt that the measurements are representative of 

what can be done to detect objects'in clutter. In the tests both horizontal and vertical polariza-

tion were used, I. e., for horizontal polarization the electric field wae parallel to the earth: 

and for vertical polarization the electric field was normal to the earth.(See Figures 9b and 90 

Pattern I is the recorded return for the foliage alone and also for the dipole ln a horizon-

tal position rotating behind the foliage. :I. s? °Lid be noted that for horizontal polarization the 

returns increase by 3 to 6 dB when the long dimension of the object is normal to the radar. 
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When the scattering object was placed so thAt it. resonant di:nensirm was In a vertical position 

and vertical polarisation was used, ere pattern 2, the return was approximately 2 -3 dB above 

the foliage return alone. It should also he noted that the return from the foliage .lore is 

greater by approximately S CS for vertical polarisation than for horisental polaritation. This 

can probably be ettrilrited to the polarisation being parallel .o the length of the clippings in the 

vertical polarisation case. 
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APPENDIX A 

VEILING EFFECT OF A LAYER OF VEGETATION OVER A Lossy EARTH 

Some measure of the terrain sca:tering characteristics can in obtained by theoretical con-

eideration of a plane wave Incident normally on an absorbing layer with constitutive parameters 

t2 andr 3  representing the jungle sandwiched between two semi-infinite regions representing 

the lossy ground below ant. free space above the jungle where the plane wave originates. The 

relative strength of the incident plane wave enmpared to the reflected wave is indicative of the 

veiling effect of the jungle on objects near the earth's surface. 
a 

If we derive the ratio 
bl of the reflection coefficient 
b1 

of the absorbing layer over a lousy ground comparcd to the reflection f!,orn the same layer over 

a perfect conducting groald plane, some hint about the visibility of metal reflector in the lossy 

media can be inferred. If the parameters at our disposal - primarily radar wavelength, - 
C 

bL 
are varied in order to maximize we might expect that the target reflections would be 

enhanced relative to clutter and terrain return. We are essentially looking for the conditions 

which '.eat match the impedance of free space to thc lousy earth by means of the foliage layer. 

We can write this ratio assuming normal plane wave incidence as: 

b° I KZ [(1-1(22) i sin (2w) 21(2 ] • K
3 

2 
[(I-K2 ) cos (2w) -(1 K2] 2 

f 

5 

b K2  [(l-K22) a sinw) - 2K2 K
3 

(1-4) cos(2w) - (I + 

F 
K 3 

7 7/
€3 

E and e are earth constants) 3 3 

0D lin 2 r 2 w e • i 2 2 - 2 f 

(1).• height of jungle) 
(1 w,  radar frequency) 

467 

aar-a~lcallnalt ..ortr•avionaa,a. 

K 



01
111 1,14

rI
ltm

sP
,.
1

 

Luen if this forrritte.9 is relatively eimple c.).mparad with >or vredt,ter,-.1 odl. st ch-pce 

nee yieH the desired result (the optimum frequyncy under given cIrcumotan. ea) tramettsately 

since all constituents Aire complex. One on( lualon can ,re drawn. hm7ever c the sign of 

2K in the first terms Is the only difference between numerator awl denominator, K.. Dleed the 3 

decisive role in this problem. !Kl i  varies tavtween 1 and a-,.To make the difference drastic.K2 

should be big, but if it becomes too Large,going toward " 
• 

b 1 
IT- goos again to 1, therefore veiling the metallic olk)ects, since Kt 

1 
in the first bracket put-

 

weighs the term with K2  Llone. This confirms the expectation that ic optimum frequency 

exists. Since, according to best available measurements, c for Jungle lies between l.1 and 

2.5, I 1<1  can be enlarged only by lowering the frequency, which suggest* radars with larger 

wavelength. To go too far in this direction will worsen the situation again. Unfortunately the 

optimum wavelength can not easily be obtained from the formula. To raise K2  somewhat 

above c or 

6 oCC or v.,<< — , 2.5, 3 7.5 x 10
-3 

mobs/meter c 3  

A calculation of using the sparse data reported at the April 196v Uft.51 Meeting and assumes 

a frequency of 3 x 10
9 

shows a Z. of 10 -2
, whereas c is around 1.8. It is therefore a 

Justifiable estimate to ask for a 100 times lower frequency of 3 x 10 7  or for a wavelength of 

10 rn. 
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VERTICAL PATTERN OF DIPOLE ARRAY 7 

YAGI-UDA *I 

RETURNING 
PLANE 

WAVE 

YAGI-UDA *2 

FIG I SPECULAR SURFACE SCATTERING PHENOMENA COMPARED TO 

DISCRETE METAL OBJECT SCATTERER (IN RESONANT REGION) 

FIG.2 POSSIBLE ANTENNA CONFIGURATION FOR PHASE COMPARISON 
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d sin e, 
ANT I ANT. 2 

PLANE WAVE 2 

d sin 9, 

PLANE WAVE I 

CORRELATOR 
OUTPUT 

DIRECTION 
OF 

TRAVEL 
_TARGET 

R— RANGE 

ANT ANTI 

CLUTTER 

FIG 3 GEOMETRY OF MOVING AIRBORNE RADAR TO INVESTIGATE DOPPLER 
FREQUENCY EFFECT ON PHASE CORRELATION OF TARGET ECHOS 
ON ANGULAR ACCURACY 
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FIG 5o 

FIG 5c 

FIG 5b 

FIGURE 5 ELEVATION PROFILE OF FIXED TARGETS IN 

RAIN CLUTTER 
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FIGURE 6 S-BAND PHASE COMPARISON RADAR ANTENNA 
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ABSTRACT 
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STATUS AhJ TRAUB 0! LISell Llbd 

SCAN SiNSOAS FOR NIGHT RLDOPhAISSARGI (U) 

This paper will dismay, two laser line scan night reconnaissance sensor investigations and 

will present some preliminary results of the flight test evaluation of one of the two feasibility 

demonstration models. 

The laser line scan techniques to be considered involve the use of the properties of a 

focused c.w. laser, combined with the high sensitivity and low noise charecterietics of photo-

multipliers in a manner as depicted in FIGURE 1. In this concept, a pencil beam from a c.w. laser 

io deflected across the flight path to illuminate the ground on a point by point, line by line 

basis. The refloated energy is detected using a photo-multiplier combined with appropriate optics. 

The electrical signal generated thereby, is amplified and recorded to create a strip map of the 

terrain which had been overflown. FIGURE 2 is a block diagram of ore such technique. 

Before discussing preaent day equipments, let's briefly review come of the line scan history. 

Line scan sensors per se are not new. Shortly after World War II, IR line scan devices were 

developed and are till being advanced. Passive electro-optical line scan equipments using photo-

multiplier detectors were flown as early as 1951 and are still being used. In both the Ii and 

Passive 5-40 case, it is important tc rote that equipment resolution is determined by the receiver 

characteristics and that natural illundnation or target radiation plays an impertant role with 

respect to operating parameters. 

In 196. proposed a "Night Aerial Photographic &stem" based or the laser line 

acen concept. Thio was indeed an attractive way to obtain otrip map imagery at night, and had 

the inherent advantage that the sensor resolution is determined by the laser beam divergence  

rather than the receiver characteristics. Having an active source, equipments using the line scan 

technique could be used without natural illumination. There was Serious question as to feasibility, 

however. The concept was bassi on a c.w. light source and, at that time, available c.v. lasers 

had very low power outputs, typically, tens of milliwatts. 

Under ARPA funding, a hastily constructed feasibility demonstration model was built and flown 

at altitudes ranging from 500 to 3,000 feet. FIGUR!. 3 is representative of the type of imagery 
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obtained with that equipment. The helium neon laser ueed, had the tramenious output of about one 

tenth watt. the beam was collimated to about 0.7 millirsdians. These results were encouraging 

and the technique was proven to be featible. Incidentally, the obscured band running &cross the 

imagery just loft of center, WAA mused by some sort of ground light within the field of vlew of 

the receiver. This characteristic) indicated a need for a scanned aperture type receiver, if one 

expected to operate in areas where ground lights might be onoountered. 

So much for history. Based upon (1) the encouraging reaults of the NAPS-I equipment and (2) 

a study directed toward optimitstion of laser line eoan teohniquee, an advanced version of a line 

aoms equipment has been fabricated and is presently installed in a 8-47. The equipment to aommonly 

referred to es the HARK V. 

FIGURA: 4 1$ a conceptual view of that equipment. A rotating 8 sided mirror functions ae the 

transmit beam scanner and as a part of a netted aperture receiver. The illustration on the right 

hand Aide of FIGUR& 4 is included to further illustrate the scanned receiver concept used. Some of 

the more pertinent parameters of the Alati V are: 

WAV4LENGTH 4880 & 5145 angstroms 

OUTPUT POWER 1.0 watte 

LASiR BAK CIVaGiNOL 0.2 millirediano 

SCAN ANGLE 60 degrees 

SCAN RATF, 3200 scats per second (maximum) 

V/H RANGE 0.35 to 0.75 (1.5) radians per second 

ALTMDE RANGi. 203 to 9,000 feet 

RiCORJ 5 inch film 

EFFECT:3E FOCAL LiNGTH 4 inches 

FIGURE,  5 is a view of the pritcipal unit containing the laser, scanner, optics and recorder. Not 

about are two control boxee, laser heat exchanger, and a power supply unit. 

Preliminary laboratory teats of the unit are encouraging and the unit is scheduled to be flown 

for the firet time during the week of 13 June 1966. FICUAZ. 6 is an example of imagery obtained 

with the equipment during laboratory check-out against scale model terrain. The simulates altitude 

is about 1200 feet. 
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The bade oonoept of the MARX V appears to be sound, but it is expeoted that oonsiderable 

smintasuince will be involvel during the flight test in orler to keep the equipment operating. The 

laser in particular ill "spec:tat to require much attention. It is plannoi to operate it with 

reduced output or atout 0.8 watts ant even At the lowar power, frequent cathode Change: are 

expected to be required. This is due to the particular laser conatruotich. used on this ievice, 

however, and is not a baste problem to lasers in general. Better lasers are expeoted to be avail-

able ehortly. 

In the second program now almost completed, the Air Pore. is flight testing another version of 

a laser line poen equipeent built with Hughes Aircruft TRW funds. The test bed is again a 8-47. 

FIGUR/ 7 shows a block liagrma of that equipment. This unit differs from the previously le:scribed 

equipment primarily in the receiving and recoriing areas, riots that the line imago formed by the 

optics is transformed to a circle for readout on an image diaseetor. The basic parameters of this 

levies are as follows: 

WAVELEUGTH 1.880 & 5145 angstroms 

OUTPUT POW& 1.5 watts nominal 

LASER BEAM OIVFC O. milliralians 

SCAN ANGLE 90 Segress 

SCA& RATE 4800 :cans per second (maximum) 

V/H RANCE 0.5 to 2.5 radian per second 

ALTITUDE 500, 1,003, cr 1,500 feet 

RiLORD 5 inch film 

EFFECTIVE FOCAL LENGTH 2-1/4 inches 

FIGURES is a sample of imagery obtained with the Hughe. equipment. The effect of grouni 

lizhta is still in evidence, but c.scsration is limitel to only a small localized area. 

Both technique. tried thus far, have both goo,' an3 hal features as one might expect. Briefly, 

it the Perkin-Elmer case, the scanned receiver involves a high speed rotating mass. The recording 

technique used by Perkin-amer does have certain advantages inasmuch as there is a positive 

mechanical interlock between the transmit ani record beam', P.owever, this is accomplished with 

conaiderable optical end electronic complexity. 
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In the ())(6) ease, a acannel receiver aperture ia again realized but with high optical losses 

and electronie oomolexity. slaA;  tn thtIubnoppnoaeL, ejnchronism or the eleotronic image dis-

soOtor readout with the transmit scanner hoax has proven to he momewhat of a problem. Further, 

much cert.  =at be taken Lo adequately shield the image dissector from magmatic fields. In the 

earlier phase. of the Hughes flight test program, ohangee of aircraft healing, with attendant 

°lunges in the direction of the earth's magnetic field relative to the aircraft, were enough to 

cause almost complete ailalignment of the disseotor readout. Recording from a CRT can be ac-

complished at low V/H ratios end moderato resolutions, but has limited growth potential for thie 

application. 

With regard to the r7.wartness of the argon laser line soan equipment, several visual tests have 

been made by ground obaervers ac the aircraft was operated overhead. There is a faint glow around 

the exit window in the aircraft, and the line scene appear as a faint moving band on the ground. 

Both of these are too weak to be photographed, however. When looking et the aircraft, one sees an 

instantaneoua bright bluish-green flash as the equipment acme the obserVer's eye. This light is 

intense enough to be photographed at that instant. While not absolutely undetectable, the equip-

 

is considered to be relatively covert, when compered to flash cartridge or strobe light tech-

niques for photography. Losers operating in spectral regions other than the visual are also being 

considered for completely covert operation. 

Work is continuing in the line scan area. Under ALVA sponsorship, a laboratory investigation 

into more advanced laser line scan techniques is just getting unjerway at ilectro-Optical Systems, 

Inc. This program will investigate such things as multi-spectral techniques o obtain color line 

scan imagery, and possible approaches for cttaining shadow and moving target information. Also, 

a separate program to investigate real-time displays for laser line scan imagery is Just about to 

get underway. 

In the laser area, various approaches to improve ionized lasers are rsing investigated and 5 

to 10 watts of reliable laser power should be available in the near future. In another program, 

channel photo-trltipliers are Laing eveluuted. These devices will to applicable to line scar. 

seneors in multiple channel receiver configurations. 

In conclusion, laser line scan techniques have been proven feasible. Future sensors capeblc 
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of obtaining atrip maps with photographic resolutions of 60 line pairs per millimeter or better are 

poralole, although consi.lersias atIll 
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A cOUNIERINSUMNCY COMIZ:ICATIONS SIMULATION 

(Undaunted) 

This research was supported by the Advanced Research 
Projects Agency (Project AGILE) and was monitored by 
the U.S. Army Researeh Office-Durham under Contract 
DA-31-124-AO-D-312 

Defense Rseaarch Corporation 
Santa Barbara, California • 

ABSTRACT 
(Unclassified) 

A computer simulation of communication system 
operation in 0 counterinsurgency environment has been 
developed by Defense Research Corporation. It was de-
signed as • fleRible tool for analyzing current and 
proposed communications systems. Inputs to the simula-
tion include a map, routes for combat units, messages 
to be sent, and communications equipment characteristics 
and assignment to units. The simulation outputs are 
the operational status of comrunications links over 
time, link usage, message delays, and message backlogs. 

The simulation operates on a time cycle, wit4 an 
internal clock incremented each time • vet of functions 
has been performed. Units are moved in straight line 
paths between specified route points and may senJ a 
message upon arrival at a point. Messages may else be 
generated at designated clock times, when other mo aaaaa s 
are completed, and on • random basis. Messages are pro-
cessed through preparation, route selection, circuit 
loading, transmission, end final processing. Messages 
may be bumped on the basie of precedence. Input data 
define the communications links between units and the 
system switching capability. Links having inadequate 
received power may not be used. Propagation path loss 
is computed from smooch earth loss, rough earth lose, 
and vegetation loss. Smooth earth loss includes the 
space wave, surface wave, and over-the-horizon diffrac-
tion. The results of test case computer runs show the 
differences in link outages and message backlogs as 
terrain conditions are varied. Further development of 
the model is in progress. 

1. INTaDnucTION 

This paper describes a dynamic computer simulation of the performance of communication systems 

in a counterinsurgency environment. The simulation was developed under contract to the Advanced 

Research Projects Agency. It was designed to provide a flexible tool for (1) analyzing existing 

systems for non-obviout faults. (2) aheaply experimenting with system modifications, and (3) planning 

coeplete systems for new areas. 
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Daring the first year of this project, the basic elements of the model were formulated, pro-

grammed, and debugged. Future efforts will be devoted to refining the model and validating it 

through coopariano4 with H.1,1 

Covered in this piper are the structure of the simulation and the remelts of a test ease de-

 

signed to exercise it. 

2. MODEL OPERATION 

2.1 GENERAL 

The major elements of the simulation are unit movement, message generation, message processing, 

and communitation link status determination. The functioning of each element is governed largely by 

input data, so the simulation is quite flexible and can be used for a variety of tactical environ-

ments and communication ayetaise. 

The simulation is played on a map which ie described by input data in terms of the earth and 

vegetation dielectric characteristics and the altitudes at grid line intersections. An arbitrary 

map may be selected and divided into grid squares of any width consistent with the roughness of the 

terrain. The map used in the test case is shown in Fig. 1 as an example. 

Combat units may aloe be defined arbitrarily, end presently, up to ten out of a total of a hun-

dred can be required to move during the course of simulation play. Routes for moving units are 

specified as a sequence of map coordinates, termed aiming points, described by the unit speed, time 

delay, and message requirement. The unit locations used in the test case are also indicated in 

Fig. 1. 

Specific messages to be generated during play are provided to the simulation. Each message is 

described by its sender, addressee, type, length, and initiation time, Generation of these messages 

can occur when game time reaches the message time, when a unit-  roaches an aiming point, or when 

another meseage has been completed. Specification can also be made for messages to be initiated on 

a random basis. 

Once generated, messages arc processed through the communications system, which is corpletely 

described by input data. Message processing includes route selection, circuit loading and unloading, 

time delay calculations and determination of completion time. Recycling and bumping on the basis of 

precedence are also simulated. 

The operational status of communication links between units is periodically determined. Smooth-

earth, rough-earth, and vegetation path losses are computed, and link status is found by comparing 

transmitted powex minus total loss with receiver sensitivity. Links hewing inadequate received 

power cannot be used during message processing. 

Outputs of the simulation include a display of the inputs, atltus of links at regular time 

intervals, details of completed messages, and various other summaries. 
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2.2 PROGRAM UOG1C 

A flow chart of the simulation logic is shown in Fig. 2. The simulation operates on a time 

cycle basis; en internal clock, representing current game time, is increased each time a set of 

eimulation fonetions has been peeformed. 

The simulation begins by reading input data, which include the communications system descrip-

 

tion (definition of links, link types, message types, etc.), specifications for background Re 

generation, routing data for moving units, specific messages to be initiated during the course Of 

the game, and link terminal equipment chareeterietice. Various parameters are set at initial values, 

the internal clock is eat to zero, and the input data is printed out. 

Next, the present status of each communication link is determined, through • calculation of 

propagation path loss, and printed Out Along with the current position of each movies unit. As long 

as the current game time ia less than an Input maximum value, the program proceeds with message gen-

eration. 

To generate time-dependent messages, the program searches the input massage list for those 

with initiation time', lying within the current game time ietumel. Such assesses are inserted In a 

master file for lster action by the massage processing submodel. Next, Units are moved along their 

assigned routea in straight line path segments. Additional messages may be generated by units 

arriving at their aiming points. Random messages are then generated on the basis of input data 

which define average initiation races. 

Next, the Main' processing subroutines take action on the messages En the master file, calcu-

late delays, and determine which messages are completed during the current time interval. After mes-

sage procesaing, the program cearches the master file for any messages which may have been completed. 

Completed mesmagea are printed out, and written on tape for later summarizing by another program. 

They also may trigger the generation of further measegcs. 

At this point, tho gams clock is increased by an input quantity which determines the clock 

cycle, and the program determine, whether It is tine to teat the status of links again. This deci-

sion is based on an input parameter which specifies the number of clock cycles between link status 

checks. The functions from time-dependent message generation through the output of completed c1,46-

 

t sages are executed each clock cycle. If it is now time to teSt link statue, that operation is per-

 

formed and the logical flow proceeds as described above. Otherwise, the program checks whether all 

messages in the input massage list have been generated and completed and whether all unity Aave 

arrived at their final aiming points. If both these conditions hold, the program proceeds to the 

summary output and the run terminates; otherwise, it returns to the generation of time-dependent 

messagee. 
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The summary output provided at the end of the game consists of final link status and unit post-
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communication link was inoperative, and a listing of any macompleted messages. 
* 

1. A TEST CASE 

In order to insure that the simulation program we. operating properly, and to investigate the 

effect of varying terrain characteristics, a test case was constructed and four basic runs were made. 

The terrain condition, used in these runs were (1) smooth earth without jungle, (2) smooth earth 

with jungle. (3) rough earth without jungle. and (4) rough earth with jungle. All other input data 

were held constant over the four runs. 

The sieulated tactical units comprised part of a brigade whose oremnisation woe patterned after 

U.S. doctrine. The brigade wee summed to have the mission of driving organised guerrilla forces 

out of • certain area. A sap whicn included reasonably rough terrain, 11 km by 18 km in size, was 

chosen and the units were located on the map in a deployment realistic for counterinsurgency opera-

tions. Unit separations were somewhat greater then those encountered in conventional warfare, there-

by piecing greater strain on communications. 

Routes were provided for five ground units and one aircraft. One unit was given a sequence of 

aiming points, speeds, and message requirements which simulated an area sweep temporarily halted by 

a guerrilla ambush. At the aiming point where the ambush %me assumed to occur. chain of meSr.ises 
I,. 

vas started where the initiation of each message after the first was contingent upon the completion 

of the previous cue. The chain simulated a call for air support passed through several headquarters 

to an aircraft flying in a search pattero over the area. From the simulation output, tho tins delay 

could be seen between the srart of the first message in the chain and the completion of the last. 

Another simulated unit was defined to be a mechanized cavalry company traveling by road. Ibis 

unit traversed a large area, and the fraction of the time it was out of tangs of various other units 

could be read from the computer output. 

Finally, three units were routed to cover most of the map area. From the status of the commu-

nication links from a fixed unit to each moving unit, a maximum range contour line could be drawn 

around the fixed unit for each of the four simulation runs. 

The brigade was assigned U.S. Army communications equipment typical of the 1950's. Tactical 

unite were given VHF FM radios and the brigade-to-battalion links were equipped with HF AM sets. 

Early trial runs der-ruined that VHF equipment MAO inadequate to reach brigade headquarters because 

of the large distances and rugged terrain involved. 

MultIchannel, radio relay links were provided between brigade and two infantry battalions. 

Five types of radio nets were assigned: command nets (at all levels of commend down to platoon), 

administrative nets (at all levels down to company), an intelligence net and an sir support net 
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(between brigade and battalioes), and an artillery fire control net. Random background message gen-

 

. ''''' -A Lmi,mliumm, gni between one company and its platoons. 

When the simulation was tun on the Control Data Corporation 3600 computer, the following 

ratios of game time to real time were attained: 

Smooth terrain, no jungle $011 

Hills and mountains, no jungle 32:1 

Smooth terrain with jungle 45:1 

Hills and mountains with jungle 11;1 

The most interesting results from the four simulation runs are comparisons of link outages, 

message backlogs, and communications coverage area. From summaries output by the simulation program, 

these comparisons were plotted and are shown In Figs. 3, 4, and 5. 

Figure 3 ahows the percentage of game time the communications links had adequate received 

power in each test case run. One notices that in the best case, smooth terrain without jungle, all 

links worked at least 1502 of the time end 952 of the links always worked. In the worst case, hills 

and mountains with jungle, only 702 of the links worked at all and anly 72 were working throughout 

the simulation run. 

In Fig. 4, contours are plotted within which a unit located at A2 was able to communicate with 

the unite which moved throughout the map area. The smooth earth, no jungle contour was actually a 

circle of 17 km radius. With rough terrain and jungle, the coverage radius varies fron 1 kc to 

2./ km. 

The number of messages in the message file is plotted vs game time in Fig. 5, along with the 

expected number of generated messages. In the worst case, the message arrival rate exceded the rats 

of message completions, and the file capacity of 200 messages was reached in about 150 minutes. 

The response of the system to fluctuations in the message generation rate can be seen in the other 

three cases. The message backlog was large with smooth terrain and jungle, but there is no signifi-

cant difference between smooth terrain without jungle and rough terrain without jungle. In the 

latter case, multi-link routes could usually be found around terrain obstacles. 

4. UTILIZATION AND FURTHER DEVELOPMENT 

The simulation program transforms input data into output cables and can be used to assess the 

results of • single set of data, or, by iteration, to optimize the output with respect to a subset 

of.the inputs. 

The input data may Dm divided into (1) communication system descriptors and (2) physical and 

tactical environment. The communication system is defined by its equipment characteristics 

1 
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(transmitted power, wavelength, polariestione  antenna heights and gains, etc.) and the assignment 

I. rhort. who may talk to whom and how. Ths environment consists 

of • map described by en altitude matrix and vegetation characteristics, unit locations versus time, 

and the rate of masses. generation. 

The basic simulation outputs aro the status of each link versus time, assess* delays, message 

backlogs, end link sod net usage. Fro* these outputs, one may sea directly the bottlenecks in the 

oyster-i.e., where more capability (ranga end capacity) is needed - -sa well as the areas of equip. 

sent under -utilisation. The overall message-carrying ability of the system is also clearly defined 

in terms of message delays, aed. if "acceptable" delays have been pre -*pacified, then the adequacy 

of the system say be determined. Within this context two applications of the it/mulattos suggest 

themselvest 

(1) Individual Equipment A eeeee tents. The perforrance of existing and proposed 

military radio equipments can be quickly and economically ascertsioed with 

the aid of the modal for a wide variation of terrain characteristics, distances, 

end antenna heights. Several testa of this nature will be conducted to deter-

mine the practical operational range of such equipment in jungle areas. The 

results of these tests will be correlated (where possible) with actual field 

test data. 

(2) Communications System Assessments. For • fixed physical and tactical environ-

ment, the optieum equipment allocation may be found hy iteration. This allo-

cation could either (a) optimise system performance rt. • specified cost, or 

(b) minimize the coot required to provide adequate service. An alternative 

procedure would be to examine several cnvironments and find the communication 

system which either (a) optimises performance in the most difficult (or the 

overage) environment for • fixed cost, or (b) provides adequate service in 

all environments at least cost. 

A limitation of the present model is the minimum few.- ,k between ernes* processing delays 

and tactical action. Currently, only two forms of feedback are included: (1) a unit must remain 

at an aiming point until a specified message has been completed, and (2) some messages are only 

generated upon the completion of others, thus simulating the passage of intonation up and down the 

chain of commend. 

An expeoded model is currently being developed which explicitly play' the iosurgent forces. 

The submodels will of course be quite gross; only the detail necessary to reflect cosmunicatione 
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will be included. Mows rates and attrition will be computed from :terrain characteristics and combat 

setios, intelligence will be collected and transmitted, sad drcisione baud on intelligence levels 

will banked& far .atteek. bold. cairns', commicseet . of reserves, and assignment of sir support. The 

messages generated automatically will include intelligence reports, unit views reports, and orders. 

Is this way, communication systes perfornanne will influence tect4ca1 action directly, and the pro-

gress of combat ectivity will provide another criterion for judging system perfornance. 
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TOWARD A MODEL OF REVOLUTIONARY POLITICAL RECRUITMENT(S) 

Unclassified 

Abt Associates Inc. 
Cambridge, Massachusetts 

ABSTRACT 
(Unclassified) 

A mathematical model of the political recruitment processes in the pre-violent phase 
of internal revolutionary conflict was developed from guerrilla warfare tactics, social influ-
ence theory, and data from small group experiments. 

The model specifies optimum size insurgent groups for maximum recruitment rates, 
criteria for the choice of population groups as recruitment targets, and maximal rates of 
recruitment. The model implies tactics and strategies to minimize the rate of revolutionary 
recruitment, and vulnerabilities and countermeasures within the social system. The model 
offers one approach toward specifying indicators of the susceptibility of social systems to 
revolution, and describes the dynamics of the recruitment phase in a potentially precilztive 
fashion. The propagandist-to-mass process is compared to the model. 

The rates of movement between various groups in the population (revolutionary, non-

 

revolutionary, anti-revolutionary) because of political recruitment are exp d in terms of 
structural variables. 

Assuming the new recruits also recruit, the rate of recruitment increases exponen-
tially with time and with the ratio of the sizes of the social unit to the recruiting group. The 
overall rates of recruitment are obtained from two forms of breakeven analysis, which show 
that the revolutionaries may increase their numbers without recruiting the whole recruitable 
population: and that to maintain the status quo, the government ideological appeal must more 
than offset the local revolutionary superiority in numbers, and is not a function of population 
size. 

The optimum recruiting group in this case is generally the minimum group size need-
ed to win by recruitment if the pereuasivenesees are approximately equal. This optimum 
group size itself is a function of time, and decreases exponentially as recruitment proceeds. 

Model construction can be uucful in social science even when the result is a gross 
simplification of complex human behavior; a major use lies in demonstrating the inadequacies 
of complicated theories. In clarifying relations between variables and corstants, in specify-
ing processes, in defining the known, the recognized unknown, and the utter blanks, models 
are invaluable. To the extent that they enhance the testability of theories, weigh the signifi-
cance of a multitude of variables, define the requirements for data, and uncover implicit as-
sumption°, models are tools for progress ae well as summation. 

An earlier version of this paper was prepared by the author under contract to 
the Special Operations Research Office of the American University, Washington, D. C. 
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Physical Coercion 
Situational Factors 
Leader Opinions 
Personal Expectations 
Group Conformity 
Pressures 

Ideological, 
Sociological, 
Cultural, Atti-
tudinal, and Per-
sonality Varia-
bles 

MP^ 

An attempt to utilize some of these advantage. in the study of revolutionary politic.si 
tad ta roe "...lel •••• iurssiuldiefi io serve iour iunc• 

lions: 

1) deaoriptiOn of the rate* of popolation movement among 
various grouns (revolutionary, non-revolutionary, and anti-
revolutionary) by political recruitment as a function of opera-
tional parameters; 

2) specification in a form suitable for testing of theoretical 
notions and empirical data from diverse sources, which might 
explain the recruitment process itself; 

3) to allow mathematical manipulation to calculate the size of •• 
the optimal recruiting group, the maximum rate of recruit-
ment, and simple prediction of the outcome from structural and 
tactical variables; and 

4) to compare the relative effectiveness of revolutionary politi-
cal recruitment with that of government recruitment and mass-
media appeals. 

For the purposes of model-building the major relevant variables identified in the 
literature and their levels of operation were conceptualized for recruitment as shown in 
Figure (1). 

e

l Behavioral Outcome: 
Yield 

o 
Resist 

Recruitment 

Long-Term 
Trends 

years) 

Short-Term Effects 
AI months) 

As Indicators of 

FIGURE I 
POLITICAL RECRUITMENT VARIABLES; 

LEVELS OF OPERATION AND TIME OF EFFECTS 

In these terms, the model was constructed from "short-term effect-  variables in 
order to maximize indicator sensitivity and to investigate the dynamics of the recruiting pro-
cess. Thus, it was hoped that the indirect coupling of the long-term variables could be ig-
nored in favor of direct effects. 

Considering its late appearance as an indicator of revolutionary conflict, the coer-
cion factor was eliminated as a variable by limiting the scope of the model to the pre-violent 
phases of internal revolutionary conflict. Because of focus on pre-violent revolutionary con-
ditions, no extensive analysis was made of situational constraints on the attainment of optimal 
recruiting groups. Nor were quality statements of recruiting targets included in the model. 
Obviously, thee. may be significant factors in some recruitment situations, and must be in-
cluded in any attempts to generalize the model. 
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generalizations, and logical assumption's: 

The revelutienery politic, recruitment situition II Lene rally  
a face-to-face encounter between unanrinous recruiting group  
ia smaller number of  potential recrtilt• in an  ,arriblyuous 
and coninctfurpoilacal climate. 

Research in the social psychology of persuasion and influenc•, particularly in small 

groups, has found thst unified groups exert strong forces for the adoption of the group opin-

ion, almost irrespective nf the content of that opinion. *  In some experiments, unambiguously 

false decisions have been elicited from Subjects exposed to pressure from a unified group. ** 

Obviously, there is considerable disparity between the consequences for experimental subjects 

and the consequoncee for potential recruit, in a full-blown revolutionary conflict. The life 

and death scale does not seem so serious an objection, however, from the viewpoint of the 

potential recruit, for whom either aids presents the risk of death. If the revolutionaries 

arc successful, under the "If you aren't with them, you're against them" rule of thumb, re-

maining neutral may be more dangerous than active participation for either side. The unam-

biguous decisions required in the experimental case are entirely lacking in the revolutionary 

situation, which should greatly aid recruitment. " e 

A recent review of the literature summarized experimental findings as follows: 

Individuals appear to he more susceptible to conformity pressures 
when expressing social opinions and ideological attitudes and when 
dealing with abstractions that are not rooted in concrete experience 
than when they are dealing with frictval materials wah which they 
are well acquainted or with personal preferences, liegardless of the 
materials being dealt with, how•ver, increases in aueceptibility ap-
pear when an individual is uncertain as to his own beliefs, uninformed 
with reerwct to the facts of the situation, or when objec ive cues that 
could aid him in maintaining h:s orientation to the situation art reduced 
or eliminated. Then he dirtrustu !,irnself and ht can oe influenced by 
others. 

Tendencies toward con.forinity and conversion are heightened when an 
individual is wit:' others, at least three in number, where the others 
are In itniforrn agreement And where their reactions represent only 
email departures from the position believed by the individual to repre-
send lus own convictions. If the others present are personally acquainted 
with the indtvidual, and arr pr rsons whom he respects, additional con-
fer:nit/ presoures are created. Furthermore, if the individual is re-
qui-ed to act in his 3wn name and the situation is such that he is not 
required to commit himself to a position prior to the period when the 
conformity pressure is at.r.iied, greater influence in the conformity 
direction can be exercised. eeiol, 

*See References, 1,2.3. 

See References, 4.5,6. 

re* 
See References, 3. 

lees

 

Sce References, 7. 
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The•e content effects are further enhanced by the necesearily facr-to -face nature 

of revolutionary political recruitment, which has been shown to be many times more effec-

tive than appeals through a propagandist-to-mas• relation. * 

Finally, the requirement for action, as opposed to judgment in the experimental 

eituation, appeers to allow for inaction as a potential response. It is &ilium/id hers that 

this only increases the time requirement for recruitment and is mitigated by the perception 

of the outcome as • "Compromise". • 

Initial public conformity behavior (i.e. yielding) leads to 
iitituae -Charlie through dissonance -redteing mechanisms. 

Public commitment to • new position adopted under moderate force has been shown 

to lead to internal reorganiration of the individual attitude structure such as seeking out sup-

porting evidence for the new position. ***  Further, the act of yielding in the recruiting situa-

tion, •specially if perceived as an unforced "compromise", should serve as an isolating 

mechanism from normal primary group contacts. This conformity effect should be further 

enhanced if the recruiting agents are from within the social unit. "  Finally, experimente 

have shown that influence effects publicly resisted on one item will gsr,eral Lac privately to • 

subsequent item. ****4 

In the case of a recruiting grou_p versus a social unit (more than  
one person), the dynamics of the exchange of infruence and optn-
fors may be modeled-  on the exchanie onire in warfare. Further, 
if- the guerrilla tac tic of dividing opponents to attain a local super-
otr -Tt-i  is successful, the ••me tactic in recruiting should be also.  

Since the social influence experiments have shown that attempting to influence more 

than one naive subject has markedly less effect, as a first approximation, the situation is 

viewed as an exchange of influence attempts between the groups, and of attempts to increase 

the unanimity effect. This situation may be expressed mathematically by the Lancheater 

Square Law: 

dN _ dM _ -AM; --d-i  = -  BN ill 

dN dM 
where u r and •-ar represent the rate of change of the sire of two forces fighting one another, 

each proportional to the strength of the opposing force, and A and B are the efficiencies of 

forces M and N. The Lancheat,:r Square Law shows that a small force can defeat a large 

force by splitting it into unite individually inferior and defeating three in detail. The same 

relationship may also show that a small revolutionary faction may recruit much of a large 

anti- or non-revolutionary population, by isolating some of the population in groups small 

enough to "defeat" forensically (i.e., recruit). 

*See References, 8. 

es 
See References, 2, 3,4, 5. 

Ca* 
See References. 9, 1 0. 

vises, 
See References 8. 

**ewe 
See References, 11. 

See References, 12. 
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This relationship may be exp d mathematically by 

dN dM 
-37 = AMNitt ; BNM/in 

where n and m are the size. of the email groups into which N and M have been divided 

respectively. 

U data show the model to be valid, this description of group influence processes will be 

the major relation ioupporteth 

The model bases reviewed above tacitly imply two points of major qualitative change In the 

nature of the revolutionary politieekrecrultment process: first, the transition from an indivi-

dual to a group recruitment target; and second, the transition front a face-to-face recruiter. 

recruited relationship to a recruiter-to.tnass relationship. These changes have been incor-

porated in the model development and will be treated as follows; 

A. Face-to-face recruitment of en individual by a revolutionary tromp 

1. Indigenous revolutionaries (Case I. I) 

2. Exogenous revolutionaries (Came 1. 2) 

3. Competing revolutionaries (Case 1. 3) 
and anti-revolutioneries 

B. Face-to-face  recruitment of a grout by a revolutionary grop 

1. Non-revolutionary target population (Came 2.1) 

2. Non-revolutionary target population with compe.ing 
revolutionaries and anti-revolutionaries (Case Z. 2) 

3. Revolutionaries and onti-revolutionarie• recruiting 
from uach other via a non-revolutionary transition 
phase. (Case 2.3) 

C. Anti-revolutionary recruitment in e  mass situation versus (ace-to-face  
reviaudonary rcerutttnent—rein;  1) 

The tactic:al relationships under investigation may be visualized as shown 

In Figure U. Thus. membership In a revolutionary or anti-revolutionary group may ue inde-

pendent of social structure grouping. 

Il 

A Mass Situation 
E;6.211=os 

01••• 

FIGURE II 

TACTICAL AGGREGATIONS 

* See References, 12. 
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THE REVOLUTIONARY POLITICAL RECRUITMENT MODEL  

The variables are: the number of people in various groups of population (revolution-

ary, non-revolutionary, anti-revolutionary); the sire of the isolable social unite; the 

persuesivenee• or ideological appeal of these groups for each other; and time. The following 

symbols will be employed: 

The number of revolutionaries at any time 
Ro • The number of revolutionaries at initial tints (t, 0) 

• The number of revolutionaries in the recruiting group 
r

o 
• The number of revolutionaries in the optimum recruiting group 

A a The number of anti-revolutionaries at any time 
Ao 

The number of anti-revolutionaries in initial time 

a a The number of enti-revolutionaries in the anti-recruiting group 
• The number a anti-revolutionaries in the optimum anti-recruiting lopt 

▪ The number of non-revolutionaries in the non- revollitionar7 group 
The easiest social unit to isolate in number of menibere 
The social unit made up of s's if any exist 
The persuasiveness of the groups in units of men/min/man of the 
revolutionaries 
The peretiasiveneAss of the groups in units of men/mm/man of the 
non-revolutionaries 
The persuasiveness of the groups in units of men/min/man of the 
anti-revolutionaries 
The ideological appeal of the non-revolutionaries in units of 
men/min 
The ideological appeal of the revolutionaries in units of men/min 
The time elapsed since the beginning of the recruiting phase 
(t=o: Rart o) 

The time to persuade s by r or e by a 

tw The time required for either complete polarization of 'eoctety 
into partisan camps, or for one side to Ain by recruitment aln`rie 

be Subscript indicating "'calculated from breakeven analysis" 
f( ) Symbol indicating "function of" 
• g. Symbol indicating "greater than" 
.1. Symbol indicating "lees than" 

The membership of the various groups is determined solely by what fraction of the 

population will recruit actively for, against, or not at all for, the revolutionary cause. 

General Assumptions:  

1. Revolutionaries can choose time, place, and ircurnstances of 
recruitment. 

2. Superior numbers will after some time persuade. 

3. Persuaded a will become members of r. 

4, Revolutionaries can maintain the situation for t . 
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The number of non-revolutionaries at any time 

No The number of non-revolutionaries at initial time 



wirr• te...T177, 4° e-eresas*erOVtax 

Case Li 

For an S divided into R's and N's where 8=1. the experim•nts of Aaeh r rovide 

big empirical data on which to base the model.. His task was the unambiguous judgment of the 

length of lines relative to other lines, In a group situation where the successive judgments 

were made aloud, trials on which the group made the wrong choice prior to Judgment by the 

experimental individual resulted in 35% mistakes by the subject compared to a control per-

son's 2%. Further, 4/5 of the experimental subjects made one or more mistakes. Ratios of 

r/s greater than 3/1 led to no signifitant increase in the percent yielding to group pressures 

(up to 9/1 reported). 

In this case, the revolutionaries ar• assumed indigenous to S and will not be guarded 

against, prior to contact with the potential recruit. Further, in the actual recruting situation 

the potential recruit is not exposed to any counterpropaganda or external support. 

Assumptions; 

I. finS. 

2. Any A in $ will not be recruited since partiaanship studies 
suggest that this will be ditticuft, if not impossible. 

3. Fur 11, 1, r o  *3, as in Asch; r .c. 3 is not further aid in 

recruitment. 

4. Recruitable proportion is given by the fraction who yield in the 
Asch situation given sufficient time 4/5, 

5, Non-recruitable proportion is given by the Mich non-yiolders 
for any t 1/5, 

6. Any other psychological differences trorn the Asch situation 
are negligible. 

a* 
7. t since the tactics are defined, if i(r,o). 

The convertible population is defined then as = 4/5 (N-A) and since ro
 =3 is 

both the minimum and the opmu-n, the maximum rate 

.11N/dt=dR/dt4/5(R/3) (1/t 

shows R to increase exponentially as 

11 0 
cap (4/15)(t/t ) (2) 

Since a I, 

t 4/1 :/I: not a f(r) (3) 

Which, when substituted into (2), gives 

R Ro  cap (4/15)(10 (4) 

Integration of (1) using the convertible population to define the end of the recruit-

ment phase (tw ). when the population becomes essentially polarized (3 groups) givte• 

t
w 

. (4/15) I (in(1+4/5 (N -A )/R)) (5) 0 0 

While the numbers used here are certainly fictitious, the general form of the solution 

probably describes this recruitment process. Phe most likely problem would appear to be the 

likelihood that tp  is indeed an f(r). Maximum rate also depends on the form of tp  over the 

*
See Ret•rences, 4,5. 

•• 
Persuasiveness I. defined as a function of ideological appeal (itself a function 

of the long-term variables) and tactics (*cli..iloattion of men and social unit olability). 

. P = 1 + tactics 
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whole population; ettner one would expect an exponentially increasine Oinction the 

esaiaas raeaearle first. or almost a constant, since once • gives Ills assent to anything his 

recruitmelt follows fast. If the former should be true, the maximum n rats would probably 

Obtain Withoet recruiting all those who theoretically could be. Fu:•flier, ur.der the asnump-

tinna here, it makes no difference to the rate whether recruitment concentrates on one S 

after another or as many S's as possible. The need to consolidate an S against government 

reprisals would probably modify this result in practice. Counter-meaner°s are obviously 

very difficult unless the government is willing to recruit in the •ame manner, which euggests 

maintaining more than one representative in the appropriate social unit S and In this case 

three or more would be loost. Government propaganda has no effect except to increase 1
9

. 

Game 1.2  

II the revolutionaries are external to S, and the members •re militant N's or e's 

a further countermeasure is availablo in the form of a "buddy" system. With no • allowed 

to be alone with r, the initial phase of the recruitment becomes that of case 2. Ir 

Case, the maximum rate is attained by recruiting a minimum group for each S and allowing 

this cadre to recruit the rest. This strategy benefits from both the greater persuasiveness 

of the indigenous members and avoiding a suspicion-creating label. 

Case 1.3  

If the •nti-revolutionaries adopt the same strategy. the Lanche•ter equations des-

cribe the proce•• 

-dA/dt=c1R/dt • R/15RI - 11/15A1 (6) 

and the breakeven condition implies, for R to win, 

IR
2 

.g. iA 2 
( 7 ) 

which results in a polarized society (R,A,N), Using the initial rates and assuming that at 

the outset both groups try to recruit the non-revolutionary rather than each other, the follow-

 

ing tractions describe the polarized condition, 

R o "P I  (4/5N ), Ao "Pi  (4/5N0 o I. N/5 (8) 
expi ° Ro  expl 

from which point Re and A's must try to recruit each other. The result suggests, however, 

both that no one group will recruit all the people and the society will always have a hard-core 

to recruit the easily persuaded as soon as the dominant group relaxes, which argues strar.gely 

that "other than a political solution must be found." However, these results are much more 

favorable to the government cause, which should hold more resource• am: people at some 

initial stage, if alerted and active soon enough. The revolutionaries arc favored with the 

prediction that given sufficient ideological appeel they cat .+vercome any initial handicap (see 

a later section on this constant). 

Case 2.1  

When the easily isolable social unit is larger than two in number, the available data 

suggest that the results obtained above no longer apply. Asch shcwe that with two experimental 

subjects the group no longer causes a significant number of misjudgments even when the sub-

jects are out-numbered as badly or worse than in the individual case. Numerous studies. 

especially those on the voting behavior of c ros s-pressured individuals in a context, not 
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necessarily unified, of strong partisan opinion , support the notion of numbers at some point 

producing persuasion *, In the voting case, however, the results were often inactivity 

and the stakes were not life and death. inese resulvs br.tter  rnsue 

the rather crude psychology of the Lanehester equations, where messages/mm n are analogous 

to firepewer, Worth pursuing (cnmpar" with Case 1,1 in forr1). 

In this case, s is greater than two, and the society is initially fractionated into two 

groups R and N (or A). N outnumbers R, who adopts the strategy suggested by the Lanchester 

equations where the opponent is locally outnumbered. Both oides recruit in small groups face-

to-face with the recruited. 

ktrctty.ri-,, tr 

•• 

,Assumgtioni: 

I. s small enough that r+s is still a f:...e.tc-face situation, or 
else s can be broken into face-to.face groups with the same! r/s 
ratio. 

2. N is naturally divided into groups which II recruits 
sequentially in groups of r. 

3. Breakeven in recruitment defines a dynamic equilibrium 
where losses due to recruitment are proportional to initial 
strength and neither side succeeds in attaining or maintaining a 
superior fraction of the population. (Note: this allows an inferior 
to increase its numbers even though it will not win the recruitment 
struggle; also there existe another kind of breakeven for recrutt-
ment, in which the initial fractions are maintained—the condition 
for this is independent of the initial force strength pr.Ps.) 

4. t (ideological appeal and tacticr, persuasiveness). 

S. The non-revolutionaries have an appeal for the R's; P o. 

6. Definition of membership stated in Case LI holds here. 

Deitchman's article shows the kind of relationship envisaged here, where the size of 

r necessary to win is a function of the size of the groups, the initial strengths, and the relative 

persuasiveness of the two sides. " ' Examination shows that in contrast to the Lanehester case 

the numbers of the two sides vary as exponentials of exponentials as a result of the serial 

nature of recruitment, and since t - f(r). Thus the optimum recruiting group size is itself a 

function of time. 

The descriptive equation in this case is 

-dN/dt-dR/dt=pRn/a - PRN/r (9) 

and since during any session, the men lost politically by the winning side are regained, the 

overall relation is 

-dN/dt=t1R/dtrRs/rt (10) 
and 

11.1t0  exp(atIrtp) (II) 

See References, 8,13. 

" See References, 12. 
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Brsakevent 

(no change): pr s Ps (12) 

(no winner)t prRo  s PNos (13) 

From Ws point of view! 

lo(N/No) (P/r•p/s) (s/rtp) exp(sirt
p
)t (14) 

Notet the direction of net gain is indicated by the sign of the 
first term. 

which is a decreasing function of et  if rt  greater than the breakeven value. Optimisation of 

r in a general fashion requires integration of (14) within the limits of t
p

, substitution from 

(11), differentiation with respect to t, and then with respect to r, and results In a cubic 

equation of 25 terms whose coefficients are permutations of p,s, Ro. No, t, and exp(s/r) 

over several powers of s. Examination of (9) indicates what is required; the .rate is,..expressed 

as a difference of two hyperbolic curves, which for an It Increase implies that the hr curve 

lies closer to the axis. The optimum r will be the one that utilities the appropriate break-

 

even condition and mmutirrtizes the distanc• between the curve•. U t 0 f(r), the smallest 

r greater than PNs/pR is the optimum. Equation (10) suggests a more complicated optimiza-

tion function if t a f(l/r).. Another line of reasoning suggests that the smellest r sufficient 

towin is the optimum. The models of attitude change derived from dissonance theory show 

that the most change occurs with the minimum force sufficient to change at hit (assumes that 

becoming a recruiter requires; considerable change). More consideration of this problem 

will follow later. 

Another approach to an analytic solution may be obtained by assurrung that the pro-

 

 described by the Lancimeter equation also apply within the group. Ti-us, one can 

rederive (14) for the situation within the group (limits of t and s, r constant •, substitute 

for t and obtain 

dR/dt=(R /(Pfs-pr)) (1/1-emir) exp(s/(Ps-pr) 0/(1-emir )” (15) 

Differentiation with respect to r and setting equal to zero allows maximizatich yielding. 

(1./r) ex.p(s/r) p/1P (16) 

Numerical analysis under constraint of r o  .g. roe  (no change); p = P shows that the maximum 

is unattainable sinco the curves do not cross and r rbe+1. (increasing logarithmi‘ snd de-

creasing hyperbolic). For p and P variable and only requiring that r .g. a and pr . g. Pa, the 

optimum is given by 

ro = siln(pr/Ps) ( 17) 

Assuming thet this solution ck)sely approximates the general solution, the optimum for a 

winner is given by 

ro a s/ln(prR0/1"Nos) (18) 

which with r . g. •, N . g. It. and sufficiently favorable ratios of persuasiveness in the favor 

of the revolutionaries has a maximum which satisfies the breakeven condition(no winner). 

The ratios of persuasivenes• required to allow maximization seem very unlikely since the 

tactics of both sides are the same and should over-ride the ideological appeal under the as., 

sumptions of the model. GeneraUy, the 1.0 = roof]. 
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An intersiting consequence of r as a function oft Li that the optimum group mice for 

recruitment changes during the course of the recruitment phew*. Substituting R and N for N 

and K in (Ii), 

rero(P/p) (Ns/R) • r0  (14) (N0./R0) (1-olitir0)/(14• . 11r0) 
(19) 

which dacres•el with 
Finally. the maximum theoretical rate with r defined by (19) ie 

dRidts (sito/rt) exp(st/rt
p
) (20) 

Case 2.2 

If the population is divided into three groups (R,A,N) with both R and A recruiting 

from N according to 2.1, the usefulness of the countermeasure for the gove =tent can be 

seen. Assume R and A do not recruit from each other. The condition is described by 

dN/dt • -(pRN/s) - (qA11/e) (2)) 

dR/dt pRN/s; dA • qAN/s (22) 

which allow, an initial rate approximation of N by 

N • No  exp(p(pRo
 + qA

0
) tie) (23) 

This implies that the time required to complete the polarization of the society will be 

t .1. 1/((pR qA s) (3) 
oV (24) 

which assume that the time required for N to decrease to N0/e 3  under exponential recruit-

ment will include the end of the recruitment phase. This approach gives the following frac-

 

• tions of No
 in the R and A forces respectively 

R
o
p/s(eP/8114 ; A

o
 q/s (0") No o  

which would be very favorable to the government if the persuasi  ratio is only reason-

 

ably unfavorable. The next phase reduces to that described in 2.1 and the final outcome 

will be decided by the ratio of the persussivenesses to each other. 

Case 2.3 

A more general formulation of the above problem of three groups would allow R and 

A to recruit from each other, if the transition state is membership in N. This results in 

the following equations. 

dN/dd = -pRN/s 4 qAR/r qAN/• 4 p RA/a (25) 

dR/dt pRN/le qAR/r (26) 

dA/dt qA1c/e = pEtA /a (27) 

and the ,:onditions for breakeven (no winner) imply that the ratio of r/a is a function of r/s 

or in another form 

(qA0/pR0) as 

r
bo

 C (s-N0/R0) ((p-P)fp)(a) (28) 

where equations (18),(19), ano (20) allow calculation of the optimum size and the maximum 

theoretical rate, using rbo  from (2.8) for • r % s a l if (18) has no  solution. 

Under these conditions, intelligence of what the other side is doing will be very 

important, since the optimum strategy for the revolutionaries would be to convert as many 

lets composed of N'• as possible before recruiting from those composed of A's. 



Case 3.1  

In the case of recruitment by revolutionaries face-to-face and of non- or anti-

revolutionaries in mass situations, the results of the following analysis show the extreme 

disadvantage to the anti-revolutionaries. A first approach would be to consider that the 

situation is analogous to the guerrilla ambush, since the revolutionaries are sure of their 

target and concentrating their propaganda firepower, while the opponents are not sure where 

their targets are. This would require that the factor to replace persuasiveness in the above 

equations should be the predisposition of the population to join the anti- or non-revolutionary 

cause, and would lead to a linear law of recruitment for them. Unfortunately, not only is 

such a factor hard to visualize or express, but also such relations would suggest that the 

revolutionaries avoid loss of men to such recruitment by decreasing the concentration of their 

recruiters, which is contrary to the assumptions of the model and the notion that recruiters 

could maintain their own group by social pressure in numbers. 

A crude approach which favors the government would be to assume that the persuas-

iveness exerted in the face-to-face situation is diluted by the population`Size. This implies 

the following equations: 

dN/dt -pRN/s (29) 

dR/dt = -PN/r (30) 

and the revolutionaries increase exponentialW while the government increases linearly and 

to win have to have 

No  .g. (p/P) (r/s) R20 (31) 

R will increase as in (32) with the optimum r
o

 = r
be

+1 from (31), since within any group 

the government will offer no competition and the recruitment rate of the revolutionaries is 

very much greater than the government. 

R = Ro 
(Ps/pr) exp(pN

o
t/s) (32) 

The Prime Constants: Persuasiveness and t 

This model has assumed that the persuasiveness of a group and the time required to 

persuade a group s by r are constants. A fruitful moment might be spent looking at what 

these constants really subsume and how they might vary in reality. 

The following authors (noted in parentheses) have suggested the following factors 

also contribute to persuasiveness: 

1. degree of uncertainty (Simmel) --peaks during conflict:
4_

 

2. status of the persuader (Hovland) --R status increases ." 

3. calculation of reward to accrue as a function of how many 
will share it (Carnsen)--decreases if R winning *4t* 

4. saliency and value of the groups to member—depends on 
who appears to be winning (Hovland) 

See References, 14. 

See  References, 15, 

See References, 16. 
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5. centrality of r.wolutionary activity in the attitude structure 
of the population (Osigood)--f (nolitical cultural * 

6. group solidarity (Durkheiro nd Lipset)--decreases in general 
populat ,on and increases in R, accelerating trend et, 

Also. the ail/KIM/4S criti,parilloit or tra libbri:#2,14ad 111114 vdriUll th0 perGalvad reward& 

should be included; as should the kind of group a is--a village would be very differ•nt from a 

Also, tho presence of inconvertible members in s as suggeeted by the Asch data 

would probably have a large influence on the susceptibility of others in his group. 

A major criticism of this model revolve, around t and the assumptions of the model, 

as proposed by Deitchman, for recruitment. First, the form of t follows from the notion of 

so much time needed to recruit s during which r loses a number of men to the opposite side, 

and in the added time to recruit them a few more are lost and so on; we can approximate t 

by a series which converges, or as below 

t .1. (s/pr) (1 + qs/pr)2  - (higher order terms) 

The problem with this notion lies in our assumption that lac 00000 d nurnbars will 

at some point yield superior persuasiveness and that this social pressure is mediated by a 

unified context. Hence, it is difficult to see why in any group where r is large enough to 

convince there should be any kiss of r at all, in fact if it should occur one would expect that 

the pendulum would swing in the other direction and e would recruit r. This objection 

also applies to the optimum size calculations which are biased in the increase direction 

because Lanchester saw a savings in men would accrue to the winning side if the battle 

were short, which does not apply to the recruitment case, because winning means no one 

is lost, 

CONCLUSIONS 

The model has theoretical significance as an approach to the prediction of outcomes 

of a group persuasive situation, and in littempting to describe the dynamic interactions within 

a group. Also, it identifies the following problems; 

What is an easily Isolable group/ What situational factors are 
important/ Whsit specifies the breakpoint between a face-te-face 
and a mass situation? What are the revolutionary training prac-
tices in use now, and how do they clarify the relevant factors in 
describing the transition from trainee to active recruiter/ 

While every step forward raises more questions than it answers, the model does 

offer some practical applications as it stand•. First, tt sugrats defirite tactics for both 

sides and provides a simple formula for the calculation of the optimum si7e recruiting 

group, given any initial ratio of insurgents to government recruiters, and the size of the 

group target. The simplicity of the equation should allow empirical tests to "fit" the value 

of ths. percussiveness over time. The breakstven conditions can be used to predict the course 

of the revolutionary recruitment by assessing whether the rebels stand to win by recruitment 

alone, and what thc predicted rate of recruitment would be from the tactics in use. The 

succe•• of the recruitment process could thu• become one indication of the imminence of the 

outbreak of violence. For the government the model affords some guides for the allocation 

of resources, by assessing the revolutionary recruitment threat. For contingency planning 

the requirements for revolutionary recruitment specified would allow rank ordering by 

vulnerability of various target groupie in the society. 
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POTENTIAL SCOPE OF APPLICATION 

OF THE ARL SEPARATOR FOR  

TURBINE POWERED VEHICLES (U)  
(Unclassified) 

(b)(6) 

Aerospace Research Laboratories (OAR) 
Wright-Patterson Air Force Base, Ohio 

ABSTRACT 
(Unclassified) 

This work describes an inertial particle separator designed for use 
on turbine powered ground vehicles and its potential spectrum of applica-
tion for helicopters and fixed wing aircraft. Performance data is pre-
sented on the existing experimental and projected devices slated for ground 
vehicles. In addition, simple approximate scaling laws are presented in 
order to apply present performance knowledge to geometrically scaled units. 
Dust separator requirements for particular ground vehicles are given and 
possible air vehicle requirements are suggested. The spectrum of aircraft 
application is concluded to depend primarily upon the duet separator require-
ments. 

1. INTRODUCTION 

In the early part of 1961, theoretical studies were made at the Aerospace Research Labora-

tories to determine if vortex and curved flows were basically capable of removing sub-micron 

particles from a flowing particle-gas mixture. Baaed on these early studies (I)  the first reverse 

flow swirl chamber was constructed. A schematic, which illustrates the basic mode of fluid par-

ticle motion is shown in Figure 1. The first reverse flow swirl chamber was found to be capable 

of separating particles two microns in diameter (2). The previous •heoretical analysis predicted 

the device should be capable of separating 2. 5).t dust particles. Based on the close agreement 

between theoretical analysis and experimentation, improved versions of the original swirl cham-

ber were designed, built and subjected to extensive aerodynamic and performance  

A schematic representation of one of the newer swirl chambers (vortex chamber) is shown in 

Figure 2. This multiple injection chamber was found to be capable of separating 90% of water 

droplets in the range of 0.25 to 0. 30 microns (3). 

Although the swirl chambers under investigation at the Aerospace Research Laboratories 

(ARI,)find their primary application in the field of nuclear energy conversion and propulsive de-

vices, other potential applications have emerged as research has progressed. For example, the 
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chambers have possibilities in providing a dust free atmosphere for clean rooms and for the re-

moval of solid contaminants from industrial smokee to lesson trio air pollution proliir 

the primary application to which this paper is devoted, is to the prevention of dust ingestion in 

turbine powered vehicles. In particular, the remaining portion of this paper i• c(...nc•rnad with at 

ARL dust separator for use on turbine power ground vehicles and aircraft. Ground vehicles in-

clude tanks and jeep.; aircraft include both fixed wing and rotary aircraft with the primary em-

phasis on the latter. The work in the dust separator field ie funded in part by the Army Tank 

Automotive Center (ATAC) in Warren, Michigan. 

Z. TURBINE MUNE DUST INGESTION PROBLEM 

In 1963 and 1964, General Electric conducted field tests (at Eglin AFB, Florida, Yuma, 

Arizona, etc.; on T-58 turbine powered helicopters and found that the engine would fall due to ex-

cessive blade erosion after only 80 minutes of operation in the dusty environment (6). Dust in-

 

gestion rates were found to be 40 lbm/hr and higher. Testing by (b)(6) or the Army on an 

Overland Train(7)  gas turbine powered vehicle found engine failure occurred after approximately 

200 hours. If however, the engine was protected even by a relatively crude separator, it 151111 

continued to operate 'after 470 hours. Testing by ATAC showed that turbine powered vehicles and 

even diesel and gasoline engines were subject to premature failure when operated in a dusty en-

vironment without dust protection. This problem of premature engine failure is further aggrava-

ted when two or more vehicles operate in the same vicinity. As might be expected, engine failure 

rates initially rise rapidly. 

Although the above mentioned tests were conducted in various dusty environment,, they only 

gave indications as to the scope of the problems that might be encountered in actual combat con-

ditions. For example, the past year in South Vietnam has shown that turbine engine and rotor 

blade life on helicopters was reduced one-half and two-thirds, respectively. These premature 

engine failures coupled with the additional maintenance requirement. has cost approximately 

$100,000,000 (1965). 

Premature engine failures, due to dust ingestion, led representatives of the Army Tank Auto-

motive Center to Aerospace Research Laboratories to see if the basic knowledge obtained under 

the swirl chamber research program could be applied to solve thy dust ingestion problem. Sub-

sequent theoretical studies showed that the ARL swirl devices had the potential to n-.ert the ex-

tremely stringent turbine dust separator requirements and a research program was initiated to 

determine the most important eeparator parameters. Some possible general requirements for a 

duet separator are: a) Efficient particle separation of micron aired particles; b) Low constant 

total pressure drop through the device; c) Self-cleaning and little or no maintenance requirements; 

d) Useable for mobile installations; e) No replenishment requirements, e.g. water for liquid 

• crubberc f) Light weight and low cost; and g) Compact. The list could undoubtedly be expanded 

to cover various particular applications. As might be expected, certain requirements must be 

"weighed" more heavily than others depending upon the specific application. For example, the 
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separation efficiency required for a •traight turbine is usually considered to be 100% of all par-

 

tides r•ator than le.arip t-” ,64".•. roe!!,  to relrire o.t. le!!! !op-

 

eration of all particles greater than one micron. in addition to the selection of the dust separator 

sequisernents and priority listi , ,g•, it is necessary t eonti4er the f f turbine vehicle opera-

 

tion. This is because engine failure rates are related not only to the amount of dust ingestion, 

but also to particle size. Typical sand distributions for beaches, rivers, desert., and various 

areas in the United States and Viet Nero are shown in Figures 3 and 4 and are summarised in 

Table I. It is particularly important to note that beach and river sands are ''far larger" than the 

sand found at deserts or, in general, in unprepared landing areas. Thus, if the turbine powered 

vehicle must operate in various areas one may insist on a high separation efficiency of "small 

particles". If a "high" separation efficiency is necessary, then one must sacrifice high perfor-

mance of one or more of the previous separator requirements. Thus, the device could possibly 

decrease in compactness and/or the total pressure drop through the device could increase. Other 

trade-offs are also possible depending upon the degree of separation efficiency required; however, 

there is only a range where trade-offs can be practically accomplished. For example, the separa-

tion efficiency cannot be continually increased by monotonically increasing the total pressure drop 

through the device (9). The range of trade-offs is usually based on previous experience and ap-

proximate analytical models. 

The present in-house research program le designed to obtain a separation efficiency of approxi-

mately 100% for duet particles above one micron with a total pressure drop of approximately six 

inches of water. Scavenging air should be restricted to approximately one per cent of the through 

flow while the flow rate per unit separator frontal area is approximately 1.5 lbm/sec ftl. The 

overall length of the separator unit will be approximately 3ix inches. This device is elated for 

experimental tests by ATAC on both a turbine powered jeep and tank. The past and projected 

test schedule is shown in Figure 5. Description of the various devices can be found in reference 

ten and in later section. of this paper. The device slated for application to the turbine powered 

vehicles is the clustered separator. 

'rhe projected or desired performance parameters of the ARL separator for ATAC is based 

on the previous considerations of this section, theoretical and experimental analysis, and practi-

cal considerations, Unfortunately, the separator cannot be merely removed for a turbine pow-

ered jeep or tank and added to the inlet section of a turbine powered aircraft. This is because 

of the aircraft's relatively high mass flow rates per unit engine frontal area". Selected ex-

amples of various turbines are shown in Table U. One immediately notes that all aircraft (in 

Table 31) require approximately 2-13 lbrn/si.c ft2 . Since the projected separator under considera-

tion at ARL is only slated for 1.5 Ibm/sec a 2, a simple transferenc• from a ground vehicle to an 

air vehicle is not possible. Transference is possible, however, if because of system rectuire-

inents, the separator efficiency, compactness (flow rate per unit frontal area), and/or total 

pressure drop can be sufficiently relaxed from the present MIL program. The next section 

1 deals with the underlying concepts of the ARL sepgratur, some of its physical geometries, and 

some simple concepts for transference of present dust separators to turbine powered aircraft 

operating in dusty environments. 
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3. THE ARL SzlPARATOR AND ITS APPLICATION 

ria,re six echamaticall? represents the first chamber desiened spacificelly to teat dust sep-

arator concepts. The device was found to be capable of separating .pproximately 90% of a start-
daadtaed extra fins. Arisen* road dust (see Table ILI for distribution) with • total preasure drop 

of approximately 7 1/2 luches of water. The total flow rate is approximately 130 cfm and only 

one-half of one per cent of ecavenging air le required to effectively remove the separated dust 

from the chamber. The device is approximately six inches in diameter (at the end platrs) and 

twenty-five inches long, It is important to realise that this chamber is met ely an experimental 

model designed for testing ease. The separator planned for use by ATAC will be a clustered 

version of the experimental models. Simply stated, the clustered separator is tnerely composed 

of many geometrically scsled down experin,ental models that function in parallel. Tho basic 

particle-fluid flow patterns common to the scaled devices are illustrated in Figure 7. 

The gas-particle mixture is .admitted tanp,entially at an outer radius ta, means of an inlet 

scroll (mixture can also be admitted by mean^. of vanes, see Figure 8). The mixture then pro-

ceeds in an axial direction towards the end plates of the chamber continually centrifuging the 

particles toward the outer wall, Upon reaching the vicinity of the end wall, continuity requires 

that the "small" particles entrained with the fluid flow radially inward. Concurrently, the larger 

particles are removed from the chamber by either an injector or an ejector. The remaining 

fluid particle mixture travels radially inward and accelerates to Continuously higher velocities 

(Vr a constant) and reaches a maximum somewhat inside the exit radius. Continuity then requires 

the Iliad to turn and proceed in the axial direction towards the exit of the separator (inlet of tur-

bine). While traveling from the end wall to the exit of the device, the particles are gradually 

centrifuged out to la rger radii. Ideally, in the region of the exit nozzle all the particles proceed 

rad.ally outward aided by both centrifugal forces and a reversed secondary flow field. Actually, 

however, some particles are not centrifuged to an adequate radial distance and thus enter the 

exIt o: the separator (inlet to the turbine). The particles that are carried radially outward into 

the incoming particle-gas mixture are swept toward the injector (ejector) region of the device. 

("this particle enriched flow appears to enhance the separation capability by tending to increase 

particle agglomeration and thereby increase the average apparent particle size). Upon reaching 

the vicinity of the end wall some of the particle enriched flow is ejected out of the separator and 

the cycle continues. Extended discussions on the flow re wersal concepts can be found in reference 

eleven. The application of the concepts of the reversed flow swirl chambers to a dust separation 

device of necessity led to a systematic study to determine the most important separator para-

meters which affect the following major performance characteristics. 

I. Separation efficiency (n
.
); Effects of a) Inlet scrolls versus inlet vanes (Figures 6 and 8); 

b) End wall admission (Figure 9); c) Reverted geometries (Figure 10); d) Geometric scaling for 

multiple units. 

2. Reduction of the total pressure drop through the separator (AP); Effects of a) Radial 

outward diffusion of core flow downstream of the exit; b) Axial length of exit tube. 

3. Minimum dust ejection energy . (4); Effects of a) Radial distance between core and dust 
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ejection region] b) Mode of scavenging air admission. 

4. Maximization of the volume now per unit frontal area (compactness): Effects of a) Ratio 

of exit diameter to charebe,• diameteri b) Ratio of axial length to exit diarnett r c 1  Ratio of axial 

to tangential velocity uf the core flow. It is important to note that there is a cross coupling or an 

inter-dependence between some of the parameters and the performance characteristics. The de-

gree of inter-dependence is in general determined by experiment. The experimental result. to 

date have shown that the reversed flow separators are capable of separating extremely fine par-

ticles (approximately 2p) with scavenging air requirements below o.ie-half of one per cent. The 

low scavenging at. requirement is primarily due to the outer radius ejection method. Here the 

particles are removed at the chambers' outer wall making use of the fluid's kinetic energy. Since 

the particles are in a region of relatively high static pressure, there is also no need for an exces-

sive amount of injector (ejector) air to "pump" the particles from the separator. 

Relatively low pressure drops (approximately 7 inches of water) are obtained by recovering 

a large portion of the swirl energy thrcr lh the use of dual cell geometries and vaneless radial 

diffusers where applicable. The vaneless diffusers not only recover a large amount of the swirl 

energy, but also increase the total through flow tnrough the device by preventing backfiow of the 

fluid. The elimination backflow also tends to increase the rotational velocity of the core and 

thereby enhance particle separation. Higher flows can be obtained in some devices through the 

use of end wall bleeds (see Figure 9). 

Application of the prt sent knowledge, obtained on the previously mentioned devices, to a 

variety of turbine powert d vehicles can be accomplished through the use of various scaling laws. 

Unfortunately, thc pure application of the scaling laws does not reveal if the performance of a 

scaled separator will be adequate for tiet particular application. Fur example. in order to meet 

the high flow rates per unit engine frontal area (see Table II) inlet-exit diameters must be in-

creased while holding other dimensions fixed. By rnonotonically increasing the inlet-exit dia-

meters the core rotational velocity and particle residence time decrease while the total through 

flow increaee• (operatieg at the same total pressure drop) and thus, the separation efficiency 

must decrease. The decrease in separation efficiency depends upon the desired flow Increase, 

e.g. , the scrolled inlet and outlet devices inlet and exit geometries were geometrically scaled 

to yield areas of 1.5 and 2 times larger than the original device. Separation efficiencies dropped 

from 75% to 65% to 60% for the extra fine 0-5p Arizona road dust. The corresponding flow rates 

were 500, 75,0, 1000 cfm (chamber, were known as the Q, 1.5Q and 2Q separators). If a higher 

flow rate is desired with a 60% separation efficiency, then the chambers' other dimensions roust 

also be scaled or changed. If, however, higher separation efficiencies are required, the cham-

bers can be scaled dowe (must remain outside the region of boundary layer domination. Thus, 

when the"Q" chamber was scaled geometrically to yield one-third Olt mass flow rate (known as 

the Q/3 chamber) the separation efficiency increased to 90°.; on the 0-5p extra fine dust. In 

general, the scaling of all the dimensions of a separator will result in the new flow rate being 

directly proportional to the square of the scale factor (under conditione of equal total pressure 

drop). The decrease in the separation efficiency, however, is directly proportional to the 
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three-halves power, more specifically the separation efficiency is: 

3 1- P Inorio  + n1 c1 31  +•••+n
e
k(•)j") 

Where is and K are quasi-constants of the particle-fluid flow for the separator no  is the number 

of particles of diameter do, and no  is the number of particles of diameter d
e

. The subscript "e" 

indicates the 'sagest particle the Chamber cannot separate. The symbol "s" is the scale factor. 

As might be expected, the equation is only valid for spherical, unagglomerated particles for a 

separator having a sharp cut-off. Even in view of its shortcomings it is useful for predicting the 

separation efficiency trends. 

If the aforementioned scaling laws are applied to the dust separators under investigation at 

ARL, one quickly realizes that the scaled devices become "large" (compared to the engine) and 

have relatively high separation •ffic4 encies (100% of all particles on the order of 10 microns). 

Thus, application to turbine powered helicopters and fixed wing aircraft seem unfeasible (with the 

exception of the light o-oservation helicopter); however, if one can relax the separation efficiency 

requirement, the separators' overall chamber volume per unit mass flow rate decreases and the 

devices have the potential for application to many turbine powered aircraft. The vehicles to which 

the ARL separator can be applied depend primarily on how the separation efficiency requirement 

Is relaxed. Again, the greater the degree of relaxation (from the ARL-ATAC requirements), the 

larger the spectrum of application. 

4 CONCLUDING COMMENTS 

The early work at the Aerospace Research Laboratories was aimed at developing a device 

which had the capability for removing sub-micron particles from a flowing gas-particle mixture. 

Subsequent research in swirl flows led to the design of vortex chambers which have the capability 

to separate 90% of water droplets in the range of 0.25-0.30 microns. As the basic research pro-

gressed various possible applications emerged. One such possible application was a dust separa-

tor for use on turbine powered vehicles. Initial application of the ARL dust separator is for tur-

bine powered jeeps and tanks under test by the Army Tank Automotive Center. The clustered 

device for the Army will be capable of separating 100% of dust particles greater than one micron 

with scavenging air requirements being limited to less than one per cent. The total pressure drcp 

will be approximately 6 inches of water. In addition to turbine powered ground vehicles the ARL 

separators have the potential for use on helicopters and fixed wing aircraft. The spectrum of air-

craft application will depend on the dust separator requirements in each application. In addition, 

if the space allowed for a sep7rator is not limited to some engine "frontal" area, then a higher 

degree of separation efficiency can be obtained for a particular engine. For example, small 

clustered separators could be installed both at the outer cowling of an engine and at the frontal 

region (or some combination). These "small" separators could be used only during the landing 

and take-off of helicopters or during the prop reversal phase of C-I30 type aircraft operating in 
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unpaved areas. 

Through the use of an ARL Separator, engine life should increase to a point where other fac-

tors besides dust and sand determine when a turbine engine must be overhauled or replaced. For 

txSisriple, if the ARL iseparator an be applied to C-130 aircraft operating in unpaved runways, 

engine if, expectancy can be increased substantially above the present four to six landings (12),(131. 

The results obtained from testing the ARL separators show an overall separation capability 

equal to or greater than commercial separators. In addition, scavenging air requirements, for 

*elf cleaning, are one to two orders of magnitude leis than commercially available units. Pressure 

drop and flow rates per unit separator frontal area are expected to be comparable to corrunercial 

units. Because of the high performance, the ARL separator• have the potential for use on a 

variety of turbine powered vehicles. The envelops of turbine powered aircraft application will 

depend primarily on the dust separator requirements. 
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TABLE 111 

Arizona ROACI Oust Size Analysis 
(by mass) 

0-5u Road Dust  

Percentage less than size 
Stated by A-C Analysis by_ATAC* 

(percent) (percent) 

100 
99.7 
97.6 
92.8 
79.9 
46.0 
35.6 

13,3 
1.9 

4. 1 

Particle Sire  
(Microns) 

1(1 
5 
4 
3 
2 
1 
0.8 
0.6 
0.5 
0.4 
0.3 
0.2 

96,3 

90.7 

*ATAC - Army Tank Automotive Center, Warren, Michigan 
Report - CRN 15403-RA (Part 4, 1 September 1964) 
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A KATHIMATICAL ITANDORK.tylt TH1 MIMIC LOSURGSKT.SOCMT 
(Unclassified) 

Defense Research Corporation 
Santa Barbara, California 

ABSTRACT 
(Unclassified) 

This paper addresses itself to possible application 
of the systems methodology of science to the development of 
predictive models of societal behavior. 

In essence, it puts the dynamics of insurgent situations 
into the framework of differential game theory. The "insurgency/ 
counterinsurgency" conflict then berates a resource allocation 
problem for both sides, where, within the constraints of avail-

 

able total resources expressed in some common currency, each 
side searches for policies obtaining optimum outcomes in the 
mini-max sense. 

It is clear that the problems associated with filling 
in this framework, i.e., defining the interaction functions, 
are nontrivial. Nevertheless, the approach shows promise and 
is considered worthy of further pursuit. 

L. INTRODUCTION 

An alternative title to this paper might have been "Whet Systems Science Has to Do with the 

CI Problem." We propose to answer this question by relating historically the evolution of system 

theory in the past three decades and its application to realistic problems. 

Prior to and during World War II, great effort was expended in evolving a theory of "feedback" 

control; the idea, although simple, is responsible for an entirely new era of technology. The key 

element of this theory is that one may view the behavior of a complex system (e.g., gun control, 

economic, etc.) se governed by a set of differential relations some of which may be altered or 

contrclled at will. For example, the change in U.S. economy over s one-month period is in part 

determined by the current state of the economy and in part by the control or influence of Govern-

ment. We represent thie graphically in Fig. 1. The box labeled "CHANGE RELATIONS" describes the 

way in which current economy state and government influences combine to effect the change of state 

while that marked "I" merely adds the change to the current state to yield "next month's economy." 
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It is pethapio dasirahio that tLe gosernment influence should he designed to have a -ete,1112-

;.r"  fr;ie,l, V. •LW WUVOUO, Iv 0111t a certain -amount 01 Ott tttttt ion and planning must to into deciding 

what influences arc to be !nought to beer. This is represeeted graphically in Fig. 2, where the box 

labeled "Governillent Pt,, ohms and Decision" represents the decision process relating "current" state 

to the next government Influence. Notice, however, that the diagram indicates that the state is 

"fed back" via government planning into influencing the change of ; as such the government 

decision-seking amounts to a "feedback controller" in system nheory. Furthermore, armed with a 

reasonable knowledge of the change relations, and the economy state, system stability theory may be 

employed to structure the decision-eaking process in such a way as to reduce economic volatility. 

Thus we see that system science can be and perhaps has been applied to the stabilization of economy. 

If we allow that iumiiem theory circa 1940 offers something of interest to government economic 

planning, then let us review advances in this theory with an eye toward further applications. During 

the 50's optimal feedback control of systems was given great attention; in this problem one seeks 

a "feedback controller" which schieves sone goal in the most efficient manner. For example, in the 

controlled economy, if "maximum prosperity" were set as a five-yes.: goal and it were desirable to 

achieve this aim with a limited government influence, then system optimization theory would provide 

a means again for structuring the government planning and decision block. The ne4 structure would, 

of course, depend upon the desired goal, the nature of the economy behavior, and the quantitative 

measure of influence. 

To draw on this example even further, suppose that tne economy changes could be effected by 

two agencies, perhaps government and anti-government; ye depict this situation in Fig. 3 by the econ-

omy dynamics inside the dashed line. We suppose that these agencies have Opposing aims--perhapo 

overnment to increase prosperity and anti-government to decrease prosperity. If both agencies have 

limited influences and/or resources, we may well ask again for a structure of the government 

decision-caking block which will maximize prosperity with limited influence even in the face of an 

opposing agency. The situation depicted in the figure clearly amounts to a dynamic conflict and 

the decision structure.. sought are optimal tactics to achieve some goal. As a dynamic conflict the 

problem posed is encomrassed by differential game formalism, • subject recently receiving greater 

attention among system theorists, and perhaps to be the most significant systems theoretical advance 

of this decade. 

2. THE MATHEMATICAL MODEL 

Since differential games provide an analytical foundation for dynamic conflict, it  is 

reasonable to suppose that these techniques might be usefully applied to the insurgency problem. 

It is the purpose of this paper to suggest how this might be done. 
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necessary to ostnblish a variable uhfch meaeurea Ole state Of the Society with 

which we are concerned. Wc can. for example. divide • cv4ntry into a nurber of regions where the 

vector 

x(t) • x1
(t), x

2
(t).  x (t) 

consists of elements Xi(t). i e 1, 2. ... I, giving the total number Of "pro-government people" in 

the ASII region at iiee t. Otte can imagine that the country is divided into regions on a somewhat 

natural basis (i.e., urban-industrial, rural-agricultural, etc.) rather than simply laying down 

some arbitrary rectangular grid. Natural division aids in defining the dynamics of change, region 

by region, end holps simplify the analysis problem. 

Let tia now structure our dynamic changing society in terms of the rate of change of pro-govern-

ment eleuents in the society and write 

. f[x. y. X. i)p X (0) . 0 < X(i) < p(t) dt 

The above represents a lot of different things packed Into one ...Inferential equation; •o let 

us examine the elements of the equation one by one. 

The condition X.(0) 7).  represents the initial distribution of pro-government people in our 

society. Specifically, the element 'ti(f)) . al  gives the number of pro-government people in the 

ith region at time zero. 

The inequality 0 < i(t) < -1;(t) represents a bound on state space. Specifically, the element 

0 xi(t) pt(t) restrains Cie number of pro-government people in the ith region at the time t to 

lie somewhere between zero and the total population of the ith region, pia). The physical aspects 

of the nonlinear differential equation can be illustrated schematically as follows (Fig. 4). The 

diagram portrays the pressure exerted on the Ash region by forces of change (pro- and anti-government 

forces) and the current pro-government populations in the other I-1 areas. The pressure results in 
dxt 

a rate of change ;15E- of the pro-government population in the ith region. 

Such a nonlinear problem involving large numbers of variables is extremely difficult to treat 

as it stands. To aid in the analysis it becomes expedient to linearize the problem, i.e., to 0920M0 

that some specific time history ZA(t), 0 < t < T, represents a nominal or mean expected time profile 

of the pro-government population and to investigate the behavior of the solution Co: small departures 
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[rem the eosins'. Repeated applications of the foregoing scheme lead to the so-called "Method of 

Linearization and Successive Approximation" solution of the original nonlinear problem. The linear-

ized fore of the original equation becomes 

4 
g(e);(t) + (t) + E C (t); x(0) a. 0 x(t) 1 p(t) dt 

J-1 k.1 

The first term om the right-hand aide of the differential equation Obttined by ignoring the 

two summations gives the homogeneous form of the differential equation as 

Ai. Mt) ;(t) et 

or /C.
1(t\ (a11() . 12(t) . . . 

 

x
2
(1) 

a21(t) a22(t) 

( t)) a
11
(t) a12(t) 

• • • 

  

Thus, the matrix A(t) represents the sensitivity of the society to itself and the solution of the 

homogeneous equation describes the dynamics of our changing society in the absence of either pro-

or anti-government actions. 

For example. in sa extremely backward, nonindustrialiaed country with poor transportation and/ 

or poor lines of communication between various regions, the A(c) matrix will have values only along 

the diagonal elements. That is, a(t) + 0, if m 0 n. The members of such a society know little 

if anything about what is happening in the country except in the region In which they reside. For 

example, suppose 

dx
i 7E- - all(t) xl(t); x1(0) . al. 0 ..1.xl(t) 4  p1(t) 

Figure 5 shows the possible behavior of x2(t). 

If the country in question is undergoing an industrial revolution, the elements of the A(t) 

matrix can be expected to grow sway from the diagonal with time as people in one region become more 

sensitive to what is happening elsewhere in the country. 
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In a society such as that currently existing in the United States, for example, all of the 

elements of the A(t) matrix sight be expected to have nonzero values. The people in New fork Cr. 

quits sensitive to what happens in Los Angeles and vice verse. 

Neat we 'amides tha elements et the ewe summetians on the right Side Of the differential 

equation. They involve two sets of choice vectors, namely. 

(t) 0  iyi(t), Yi(t), yi(t)) ; j 1. ..., J 

cod 

-X 
s ft) 4(t). sil(t) ; k • 1. 1, K 

The y elements represent choices available to the pro-government forces at work in the society and 

the x elements.represent, likewise, the choices available to the anti-government forces at work in 

the society. The superscripts denote the type of reeou.ce utilized by the conflicting forces. For 

example. if 71  (t) represents pro-government propaganda, then y(t) is the amount of pro-government 

propaganda devoted to the ith region at time t. The matrix 51(t) then represents the sensitivity 

of the society to pro-government propaganda. Similar comment. can be made about all of the 

resources of both sides in the conflict. Basically, then the matrices are: 

A(t) Responsiveness of the society to itself 

B(t) Responsiveness of the society to thelth type of pro-government resource 

k. 
C tt, Responsiveness of the society to the kth type of anti-government resource. 

Am might be expected, neither side can produce a change in the structure of the society with-

out incurring an expense. The price that the pro-government faction is forced to Pay for expending 

its resources at time t
el

 is 

where 

T1; 1.1 
aj ft u ) yl (t 0) 

ap
e
) . per-unit cost of ith type of pro-government resources at time tu 
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yi(t) amount of pro-government resources of the ith type used In the 1th region at time t 

• Ifitewisa 

pt  (t ) 8 (t )t
k 
(t e) 

where 

B4(t) a per-unit cost of the kth type of enti-governsent resource at tine tm 

sl;(t
m
) a amount of anti-government resource of the kth type used in the 1th region at them tm 

We might now consider some time interval. T. A five-year plan, for example. could be broken down 

into monthly intervals so that p
y
(to) and p

x
(t

m
) rcprewww, tv1.41 ..:ap,udituree during the nth month 

while 

P (T) a p (t ) 
m 

itt.1 

and 

P(T) • rp
m
) 

111; 

give the total budgets to be spent by pro-government and anti-government forces during the time 

period I, respectively. 

Finally. we establish a score function that measures the successfulness of the pro- and anti-

government factions as 

S(T) E x (T) 
,.1 

where S(T) represents the total pro-government population of the country at time T, and each aide. 

subject to its budgetary constraints, operates in accordance with the max-min operation on S(T). 
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• .0 MAX MIK I S(T)) 
_k 

y (tm) C (t) 

m • 1,2, 
i k • 1,2 ..... K1 

ia 1,2,...,N 

 

in an attempt to obtain the most favorable score. 

The optimal choices for both sides must be assumed to take the form of feedback control as a 

function of the ....s of the eociety in contrast to pre -prosreamed Control; otherwise, the game 

does not exist. This fact is clear because a progremeed choice by one side destroys the game and 

presents the opponent with the ordinary optimisation problem. 

Tor convenience es well ea see. of physical realitability we shall assume that both sides 

will employ linear feedback control so that 

7 (t) 14 (t) ;7't) 

and 

k (t) • Z (t) m(t) 

and the minimax problem then becomes one of selecting the coefficients of matrices 

Y(e) j . 1, 2, J 

and 

Zk(t) k 1, 2. K 

The framework of the problem may now be envisaged conceptually by a block diagram 

(Fig. 6). 

3. DETERMINATION OF THE SYSTEM MATRICES 

Several !IWO suggest themselves for determination of the elements of the system matrices 

A(t), 13(t), and C(t). The past history of the country can be examined for a determination of what 

has transpired up to now. This information can be extrapolated to give future trends by those most 

knowledgeable and possessing the greatest amount of skill or expertise in various disciplinary 

matters including scientific, socisl, political, military, and economic areas, to mention • few. 
547 



If the past history appears inadequate. it is possible that teats might be conducted in 

anima rosin,. in nrrlor rn n6tomin 6ottor oat-Inatome of the oyster% structure. 

Above all, the approach should be flexible. If we must have a plan today, we do the beet 

we can with the available information. this does not mean that we have to live with the a priori 

plan forever. We must be responsive to change when situations develop aloes unforeseen lines. A 

rather large—scale computer program could be developed which was adaptable to changes. Perhaps we 

update the system periodically, say every six months or a year or as often as may be necessary. 

in any avant, we contlnually strive to do the beet job we can, at least on the basis of some 

analytical formulation of the foundations of conflict. 
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ABSTRACT 
(Unclassified) 

A theoretical determination of the path loss in 
radio propagation through jungle is obtained by con-

 

sidering the jungle se a homogeneous conducting die-

 

lectric slab on a flat earth. An exact integral is 
obtained for the vertical component of the electric 
field within the jungle due to a vertical electric 
dipole within the jungle. An analytic evaluution of 
the integral leads to an approximate expression for 
the field and an estimate of the error. When this 
accuracy is insufficient, a numerical evaluation of 
the integral is performed. The combination of analy-

 

tic and numerical techniques leads to the evaluation 
of the electric field and thereby path loss to any 
accuracy desired. Experimental measurements of path 
loss in • Thailand jungle ere compared with the cal-

 

culations. The results agree within a standard devi-

 

ation of 6 db when the jungle conductivity is taken 
as 0.15 nillimho/m. 

1. INTRODUCTION 

The practical difficulties associated with radio communications in regions of dense vegetation 

have been recognized for some time.1  The vegetation has a high water content so that the jungle 

medium is lossy. If the radio waves propagated along a direct path through the medium the received 

signal would be exponentially atteausted.2  With reasonable values of the conductivity (o 100 mho/m) 

the attenuation is approximately 0.2 db/m at one megacycle and is even greater at higher frequencies. 

Such a high attenuation would effectively prevent radio communication over distances greater than a 

few thousand feet. Since radio communication does exist over greater distances than this, albeit 

quite poorly on occasion, there has been speculation that the radiation propagates for the most part 

in the air above the jungle. 

This paper derives from first principles expressions for the propagation between two antennas 

immersed in a jungle-like medium. The theory is co=pared with experiments conducted in a Thai jungle 

by Jansky and Bailey
3,4 

and the apparent anomaly referred to appears to be explained. 
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1 The electrical properties of • jungle are extremely complicated. Most of the apace is OCCU 

: 
pied by air with properties close to the vacuum. The triee and other vegetation have a higher con-

 

eloirP4:40.! mnd A4saiarPr4e 00000 matA sp. Alm....11,"FAA ^, 1.a• th= 

tunately, at long wavelengths the propagation characteristics of an electromagnetic wave Sr. not 

sensitive to this fine detail. An electromagnetic wave propagating through a medium is only 

sensitive to :tome average properties of the medium where the average is taken over regions whose 

linear dimensions are of the order of a wevelength.2 

We therefore, consider an approximation to the jungle consisting of a uniform slab of fixed 

height with permittivity tj  and conductivity oj  bounded by a flat earth surface with permittivity 

t and conductivity a
l

 and above by the air with vacuum properties. This picture is reasonable 
6 

provided: 

1. The fluctuation in the nutaber of trees, etc., in an area one wavelength squared is 

mall compared to the total number of trees in this area. 

2. If the height of the jungle is larger than a wavelength it is necessary that, within 

the jungle, the average electrical properties do not vary significantly with height. 

3. The transition region between the air above and the jungle must be small compared to 

a wavelength. 

These conditions are probably sufficient to guarantee the qualitative validity of the theory. 

For quantitative validity it uould also be necessary that the terrain be reasonably level aver the 

range and that the properties of the jungle be reasonably uniform over chr range. 

In this study it was intended to determine the range of validity of this idealized slab model 

by comparing the results of calculations with experimental data. For the wavelength'reeion studied 

so far (wavelength from 3 to 50 meters) we have obtained satisfactory agreement between theory and 

experiment. 

The problem of the propagation of electromagnetic energy through a many-layered medium has 

been studied exterutively.5'6'7  For this general class of problems it is relatively easy to obtain 

a formal solution to the problem in which the field strength at the receiver is represented by an 

integral. We have obtained such an integral representation for the particular geometry of our 

problem. 

Unfortunately, the integral representation of the solution is sufficiently complicated that 

considerable effort ix required before numerical results can be obtained in a form suitable for 

comparison with experiment. We have performed these calculations with sufficient precision so 
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that any discrepancy between the mathematical results and the experimental data is due either to 

inadequacies in the physical model or uncertainties in the experiment. 

N:17; .• 17,  E-7 
*strAft.f.e... . - 

At larger ranges it is possible to obtain an approximate analytical evaluation of the integral 

and db aittlitati of the error involved In Ow eaproaleallee. Tide asymptotic solution corresponds 

to a lateral wave propagation maile, or "treetop" mode. This mode eiey he described in terra of a 

wave packet (ray) which propagates up to the treetops, striking the boundary near the critical angle 

for total internal reflection. It than propagate* in the air uatil it reenters at an angle near the 

critical angle. The field is attenuated exponentially only along a path from the trensmitter to 

the treetops and from the treetops to the receiver. While propagating through the air the field falls 

off as 1/r2. 

This asymptotic formula is capable of explaining most of the experimental data. At the 

smaller ranges the error beComes too large. For this region the original integral was evaluated by 

numerical quadrature. A. a check on the consistency of the two procedures the numerical quadrature 

was carried up to ranges where the asymptotic formula was valid. In the region of overlap the two 

methods gave identical results. Examples where all of these numerical techniques are required are 

given in Sec. 3, and the transition regions are discussed. 

In Sec. 2 the formal mathematical aolution is presented and it is demonstrated that this 

solution is coneistent with our description of the lateral waves. 

In Sec. 3 the path loss for a variety of experimental data is compared with the theoretical 

predictions. To date we have considered only the cases where both the receiving and transmitting 

antennas were in the jungle medium. There is a considerable amount of data for this case and it is 

in this situation where the greatest difficulties in communication might be anticipated. The cal-

culations considered only the case of vertical polarization, a frequency range from 6 to 100 Mcisec, 

and a range up to one mile. Within these reetrictions the available date provided by jansky and 

bailey was Considered. The theoretical results depenc most critically on the jungle conductivity 

and this was the only parameter varied. The theoretical and experimental results agree to within 

a standard deviation of 6 db when the jungle conductivity is taken as 0.15 millimholm. This agree-

ment is' considered satisfactory. Jansky and Bailey performed independent measurements corrcuponding 

to the same range, height of antennae, and frequency with results varying by as much as :3 db. 

The average conductivity of the Theiland jungle has not been measured, and there are very few 

measurements of this kind available for any jungle. The value we have obtained is reasonable and 

is consistent with experimental results8  obtained in California. 

The slab model predictions appear to provide a satisfactory correlation with the experimental 

data. Indeed the model works well for wavelengths shorter than we had at first anticipated and we 

intend to extend our culculations to still shorter wavelengths in order to determine when and if the 
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model seriously bresits down. We also intend to consider horizontal polarizations and cases where 

one or both of the antennae are aboVil the jungle. 

2. PHYSICS OF THE SLAB MODEL 

The mathematical problem posed b; the idealized physical situation possesses en exact formal 

solution. It suffices to consider only the formula for the a-component of the electric field, 

since the other field components are readily obtained from f e  The s component of the electric 

field at the receiver is given by 

Ez • P ct3  H
o

(13 (oR) f(a) do volt/m (1) 

vif 
where P --- (power radiated in kw)1/2 and f is the frequency in Mk. 

n
2 

For both the receiving and transmitting antenna in the jungle 

-x Y -x,(28-1) -x (214+X) -x (211..X)) 

i

f 
ir(a). 

41-xjX 
+(e/ V + V

a
e J + V

a
V

g
e J + V

a
V

g
e " 

xj ' S
  

(l - V V 4z-528)] 
• g 

(2) 

where 

V v 
TIA

2
xi - 

8 2 a 2 

2 2 

2
xa nx+nx 

gi Jg 

where n2 c + 18 io (nillimho/m)/f(Mt). (See Fig. 1.) This tntegral represents the solution In 

the jungle as a superposition of cylindrical waves whAch are successively reflected from the jungle-

air and jungle-ground interfacec with reflection coefficients V
a

 and V
s

 respectively. The variable 

of integration. 4. is the cylindrical prolmotion comment. 

Distances are measured in units c/w • 150/(vf) v• 1/K0 

and x • Kr, H • Koh, X Y - Ko  (z + zo), Z Ka. Zo  • Kozo . 

The attenuation factors for different paths are described in terms of the variables 
4 
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and the equate TOOin era defined so that the rsAl parte zf the x's ere positive. 

The various terms in lq. (2) have • simple interpretation. The first term e J represents 

the field produced by the dipole in the absence of the interface. The next term proportionel to 
-1,Y 

V e J represents those plane waves which are reflected an odd number of times with the first 

reflectina occurring at the ground. The remaining terms represent cases where there is an odd number 

of reflections with the first reflection at the air interface, an even number of reflections with 

the first reflection at the air interface, and an even number of reflections with the first reflection 

at the ground interface. The numerators represent the results of the first one or two reflections 

respectively and the denominator sums the co,...ributiono from all subsequent pairs of reflections 

from the ground and air interfaces. 

For most values of the parameters the integrand in Eq. (1) is strongly peaked at a . 1 corres-

ponding to s ray, called the lateral wave, propagating at the angle of total internal reflection. 

In such cases the Lategrel may ha approximated by a simpler integral describing this ray. The now 

integral can be evaluated easily by a Gaussian quadrature. An approximate analytical evaluation of 

the new integral can also ba performed. Such solutions are presented in Appendix :II and the domains 

of their validity are discussed. 

When the methods described above break down, it becomea necessary to evaluate the orignil 

integral, Eq. (1), numericelly. This is a difficult task because the integrend is oscillatory. 

Methods for accurately evaluating such oscillatory integrals aru available and they vere applied to 

this type of problem for the first time in this study. 

When the solution cen be expressed in term' of the superposition of a act of plane waves with 

propagation vectors lying in a small region of k-space it is moat appropriate to interpret the 

solution in terms of a wave packet which suffers successive reflections. In order to gain some 

insight into the nature of these solutions we consider the behavior of a wave packet after a single 

reflection. 
4 

Consider a wave pocket with average propagation vector i't°  incident Gil a plane boundary as in 

Fig, 2. For simplicity we &gauze the fields are independent of y. The incident wave packet can then A 4 

be described by 4 

Ea
inc.(m,s,t) f dx

x
dk

a
 A(k

x
,k
z) expi(k.m 

+ k
a
z s,t) (3) 

where w is • function of km 
and k

z 
and rhe function A is strong11. peaked at If we expand 

the phase factor about the point i k°, we obtain 
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tee + 102 - islet 
inc

(x.,.
0 x  x adw f(x — ' t S - aas.

akx	 adk
s 

(4) 

where dw/dkx
 and dw/dkx  are components of the group velocity evaluated at 0 and 

(OM jrdkxdkz  A(kx, kx) oxp t [(kx-kze)a + (kx-kze)01 (5) 

The reflected wive is given by 

E
ref

(x,e,t) jrdkxdkx
 A(k

x,y1V(kx
,ylexp 1 (kx-kt-wt+a(kX

,k)) 

where the reflection coefficient is Mete. If we assume that the amplitude of the reflection 

coefficient varies sufficiently slowly so that it may be taken outside the integral we obtain 

i(k ex - kzer - wet +  
Eref(x,z,t) .1/(k

z
e,k

g
e)1 e 

• 

• f6 - - - 
ak ikx ' akz akz , 

where f is the same function that occurs in Eq. (4) and the durivatives are again evaluated at 11°. 

Consider now an incident wave p:ciet which first strikes the boundary at t w 0 scd at this 

time is nonvenishing only for negative x and r. These conditions require 

f(e.5) 0 if o > 0 or 3 > 0. 

ly examining Eq. (7) we see that the reflected sigLal will not appear in region I (illustrated in 

Fig. 2), until • eufficient tine has elapsed so that the second argument of f is negative at 0. 

This time delay is given by 

67 w (4/aks) /  

When the field reappears, the wave packet has traveled a lateral distance 41. obtained by setting the 

first argument of f equal to ger°. The transverse displecement is given by 

6L -a$/akx  + (2u/2k) 61. 
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This literal mode, or "treetop mode," dominates at large distances because it propagates mainly in 

tho loggia's medium rather than in the jungle. The effect will ha a large one only when the phase 

4 is A rapidly varying function of either the frequency or angle. In our problem this occurs at 

the critical angle O
c

 of total internal reflection. At 0 • O
a
, 6L • and is a rapidly varying 

function of the difference  

By looking in detail at the dependence of 6L on 0 it ie possible to demonstrate that the field 

strength varies ao 6r
-1/2 

6L
-3/2 

which is consistent with the analytically obtained dependence of 1/r2. 

The above analysis is by no means novel or original. The phenomenon is a general characteristic 

of wave motion and whenever the phase of a wave is a function of any parameter there will be a dis-

placement in the corresponding "canonically conjugate" parameter. In electrical network theory the 

time delay associated with a phase change which VATIC!' rapidly with frequency is vary familiar. In 

quantum mechanics the rapid energy variation of a phases shift at a resonance is associated with the 

time the particle spends in the resonant state. The lateral displacement of a light beam has been 

obeerved for rays near the critical angle, and this kind of a wave is well known in seismology. 

In our discussion it was necessary to make the assumption that the magnqude of the reflection 

coefficient varied slowly with angle. Such an assumption is correct for a lossless medium but is 

not valid if there are Significant losses. Such losses would change the shape of the wave packet. 

Other effecte, such as a spherical divergence of the wave packet, which change the shape of the wave 

packet have also been ignored. The formal solution correctly contains all these effect.. As a 

result these considerations are an aid in the understanding of the analytical calculations but do 

not in any sense replace them. 

The formal solution is originally expressed as an integral over real o. In this form the num-

erical quadrature described in Appendix II is appropriate. The integral may also be considerec se 

a contour integral in the complex plane. By deforming the contour, contributions frcm discrete 

poles and blanch cuts may be identified and separately considered. This is discussed in detail in 

Appendix III. The pole terms correspond to damped waveguide modes. For sufficiently large r the 

contributions from the branch cuts correspond to the lateral waves as demcribed above. At smaller 

r the contribution from the branch cuts ham a more complicated behavior than described above and 

represents an extension of these simple ideas. 

3. SAMPLE CALCULATIONS AND PRELIMINARY COMPARISON WITH EXPERIMENT 

Figure 3 is a plot of calculated E
z
(rns) vs range for a frequency of d.80 Mc. For this low 

frequency, the numerical integration described in Appendix II must be used throughout the range of 

interest. Figure 3 illustrates three distinct stages of the behavior of E
.

 vs r. For r  

E. decreases exponentially. In this region the waves remain in the jungle and are deccribed mathe-

matically by the pole terms. For 1020 < r < 1030, E
0

 decr,_asea as hr. The pole terms are now 
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negligible compared to the lateral wave which has a 1/r dependence at short ranges. For 

103m r 4 104m, the r dependence of the lateral wave is in a transition region which will lead 

t": the flazIdivin4seus oi kir'  given by EA. (40), Appendix 211 fort 104e. 

Vitus 4 illustrates this transition for f • 2 Mt. The points maykid with ma a are the result 

of the Gaussian integration of the lateral wave deecribed in Appendix III. For this frequency, the 

lateral wave is the dominant contribution throughout the range of interest. However, it is best 

evaluated by the embed of Appendix II for r 4 5 x 103s. From Fig. 4, the lateral wave falls off 

slower than 1/r2, then teeter than 1/r2, and finally settles to a 1/r2  ramp dependence. 

The remainder of this section is eateerned with a prelleindry comparison of the calculated 

4 
electric field with the experimental results of The only Casa under consider-

 

silo. at this time is that of vertical polarization With both transmitter aod receiver within the 

jungle. The frequency range of this comparison is from 6 to 100 Mt. 

The distance from the transmitter is limited to one all.. For ranges larger then this the 

transmitting and receiving antenna were often separated by intervening hills, and the result, do not 

directly apply. 

The simple expression leg. (40), Appendix III) for the lateral wave le accurate to 3 db in 

the regime covered by the following graphs. The points on the graphs, however, are calculated by 

the Gaussian integration and are accurate to 0.11. 

For comparison purposes the calculated electric field is traneforoed into basic path loos.
4 

Lb. by the equation 

Lb  . 139.0 - 20 log E
ms

 + 20 log f 

where f is the frequency in megacycles and I (oicrovolt/neter) is calculated for a point dipole 

rediatine one kilowatt into empty space. 

Figure 5 shows a series of curves of Lb  vs r (miles) for various receiver heights at a given 

frequency, I. and transmitter height, so. The straight lines are calculated values for the input 

parameters. 

h . 40 ft 

. 15. os  • 10 eillimho/m 

and cj  * 1.02 

o3  e 0.1 nillimho/m for the solid line and 

o • 0.2 silliohoho for the dashed line. 
3 

580 



--1.74,WirG44—reisinesitrifegt:Agtssesacciamosaawa. 
••-••••crirdm AM, 

rigures 6 through 12 are additional graphs for other combinations of f and z
()
. In all graph. 

th: no Ittttta. !ha tarrara  A mut R. Memo ooints denote measurements along 

two different 'winding trails (A and I) at the Thailand jungle teat site. The scatter of the saner/-

Mental data points is believed due to the lack of homoeeneity  of the jungle and lhe variation ic 

environment  of the antenna. The environment of the transmitting antenna can cause an aeimuthel 

asymmetry in the radiation patterns. Also, the jungle character of the ray path at each asimuth 

may be different. Thus, there will be an azimuthal asymmetry in the electric field. Since the 

trails are not straisht, each seasuralent taken et • different range is also at • different azimuth. 

YinellY, the receiving antenna is in a different environment at each measurement. 

Since the calculated electric field depends most critically on the junala conductivity, this 

wee the only quantity varied in the calculations. The C1.11, 1414 for the two values of conductivity 

generally bound the experimental points for all values of receiver and transmitter height and fre-

quency with the exception of the f . 25.5 Mc, z
o

 . 21 ft case (Fig. 7. Jansky and Bailey,' on 

pp. 4.6 - 4.6 of Report 6, call ettention to an apparent inconsistency in their data at 25.5 Mr and 

low trenemitter height and observe that a IC db decrease in ;heir path loss would make their results 

more raesonablo. This 10 db decrease in measured path loss will bring the experimental points into 

the neighborhood of the calculated values. 

The difference between the calculated and measured path loss is plotted statistically in Fig. 

13 for the two conductivities. The point. of Fig. 7 were not included. These plots show the lower 

conductivity to predict a path loss which is too low by I db and the higher conductivity to predict 

a lose high by 5 db. The important reeult is the atandard deviation of 6 db. This illustrates the 

utility of the slab model. The calculation has • 661 chance of being within 6 db of the measure-

ment for all antenna heights, ranges and frequenc!em between 6 and 100 Mc when the Jungle conductivity 

is tiaken as approximately 0.15 millimho/m. 

4. cONCLU';:ONS 

A simple slab model of the jungle is capable of explaining the experimental propagation data 

over • wide range of parameters. 7he calculations performed so fa: have considered only vertical 

polarization and both antennas in the jungle. We are continuing the study to include horizontal 

polarization and cam where either or both of the antennae are above the jungle. A comparison with 

the experimental results ofam. and other experimental groups, where ovailoble, will 

be made end the regimes of validity of the slab model will be determined. 
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APPENDIX 1. DERIVATION OF THE FIELD EXPRESSIONS 

The integral representation of the fields can be obtained simply. For the mike of completeness 

we Inciums an oui.iine ei I.Ise" •4  40 ilvaa 'y 
...7 

The free-field equations are 

V x • (8) 

v  x H . (_ bff. kW.) E _ n2E 

where w • 20 • cK
o 

is the angular frequency of the radiation. The fields Can bc expressed in terms 

of the Hertz vector II 

E V x (V x R) (9) 

H • - iK0
n
2 

V x 3 (10) 

if R satisfies the equation 

V
2
3 + n2K0

2 
R • O. 

Because of the cylindrical symmetry of the problem (with vertical polarization). E is in the z-

 

direction. 

The solutions of Eq. (11) which are regular at the origin and independent of aximutA angle are 

: • J
o

 (ait) eS4X (12) 

where R is measured in units of c/w and x2  • a2  - n2, and the real part of x is greater than zero. 

The solution to our problem satisfies the free-field equations everywhere except at the 

antenna where it has a singularity characteristic of a point dipole. By superposition the volution 

ham the form 

R
s

 • ax(o) Jo(oR) e a oda 

j r 

x (H-Z) 
G 
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"•—":""?', """rrrr . 

• ' .• ••• . 

aJ
o
(aR) 

do (14) 

II 

-zx x,(H-Z) 
n - • •

 

0 

•i + ai(a) e J + b1  (a) e 

..1 h (a) e-111 J
0
(aR)a de (1S) 

where the coefficient a
o

 is • meesure of the dipole moments of the transmitting antenna and the 

other symbols have the soma significance as in Section 2. 

By tieing tops. (9) and (10) the field component, can be determined as linear functions of the 

four unknown functions %(a), aj(n), bj(a), 1,1(ci). The requirement that the tangential components 

of the electrical and magnetic field be continuous at the boundary leads to four algebraic equations 

which determine these coefficiente. The algebra is straightforward and loads to 

E 2? 0
3 

J (oR)F(oR) do 
A 0 

0 

(16) 

where P anad:F(oR) are as given in Eq. (1) in the text. It is convenient to have the range of a extend 

from -. to To do this we note that F(-a) -F(o) and 

- tH0 (1)  coo - H0(1)  (-.R)). 

With these substitutions we obtain Eq. (1) of the text. 

APPENDIX II. EXPLICTT EVALUATION OF THE FIELD INTEGRAL 

The explicit evaluation of the field integral given by Eq. (1) of Section 2 cannot be achieved 

by conventional quadrature techniques because of the rapid oscillation of the bessel function for 

large oR. Thus even though the function F(a) converges in general within modest ranges of a, most 

numerical integration procedures would lose all significance whenever R became appreciable because 

of the cancellation of the individual quadrature terms with one another. For any well-behaved F(o) 

the integral is easily ahown to tend to zero as R tends to infinity. Via numerical quadrature, 

this would be manifest by • large number of terms of essentially equal magnitude (though different 

sign) being added together to )ield a residual which may be made as =all au deaired by letting R 

become large. Irrespective of the number of significant figures 4 given digital computer is capable 

of handling, there will alwaya exist an R beyond which a mechanical quadrature will result in a total 

loss of significance. There is, however, a means of numerically evaluating the integral in question 

without meaningful loss of accuracy for any value of R so long as computing time is no obstacle. 
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fo 
prim 

E E A x (ye)• f2(o)) J0(00o3dfx (17) 

(18) - 1/Q 
n1
2
(Z-Zo)

2 
1..] 

Q 

in Q 

[ 

R2 
o)

2 

ta
prim . A 0

Q
J 11  2 + 11 

2
  

Q 

where 

and 

1 In other words, a numerical Attack upon the integral is always possible, but becomes more time-

consuming as R increases. The broad range of validity for the analytic methods of Section 3, however. 

Insures that these contingencies do not arise. Of particular note concerning the numerical evalu-

ation deacribed herein is ite exact agreement with the results of Section 3 in the regime Wood 

which the latter approach was shown to be accurate. Thus two essentially independent evaluations 

of the integral' concerned yield identical results, thereby providing a self-consietancy check 

rarely available in similar work. In regimes where the methods of Section 3 art no longer accurate, 

those described in this appendix are used; and conversely, where these numerical quadraturts become 

too time-consuming, the analytic methods of Section 3 ars of sufficient accuracy to be used. 

A mechanical quadreture of the field integral is achieved by first noting that the source 

term contribution may be evaluated explicitly. Thus 

ori 111?-7(2 -7.
0)2 

(19) 

with f1(a) and f2
(e) given in appendix 1. 

When a2 becomes somewhat larger than the modulus of nj 
2 

the dominant behavior of f1(a) is 

controlled by the exponential factor 

e 4e
_ay 

whereas f2
(o) is dominated by the factor 

-m A(20-1) 
e e

-0(2H-Y) 

(20)  

(21)  

Thus given h, s, se  and f (See Sec. 2 for nomenclature) an upper limit of o (called % az
) may be 
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(24) Jo(all) Eo. (oR  _ . /4) sin(oR -  
loR toll 

a f max 
(2S) do • 

la" 

do 

(26) f(z) cos Rx dx 
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chosen beyond which the integrand of Eq. (17) contributes a negligible amount. This assu  will be 

'sufficient for a complete range of R. If R is fixed, on the other ..and (i.e., the generation of 

saim u uuuuu is requited,, aim  must be varied in such a way that %lax  Y is greater than a 

fixed Constant. Since Y end It are directly proportional to the propagation frequency, 463, is 

easily frequency scaled. 

All that remains, therefor*, Is the evaluation of 

s8" • A (f1 (a) + f 2(a)) 30(ak)u3d* 

where ye) end f2(o) are complex functions. Separating each into real and imaginary parts, the 

secondary field may still be written in terms of finite integrals along the real a-xis as 

anaz t ax 

s"c • A g1(a) J .1- o(alla3da I g2(a) Jo(oR)a3d0 (23) 

where Wu) • Wye) 1 2 (0)] and 82(o) • Im [ye) + 

This expansion will provide en approximation to Jo(oR) better than one part in l04  when all 30. 

Choosing 8 • 30/R the Integrals of Eq. (23) may be divided into two parts, viz. 

with the asymptotic representation of Jo(oR) being used in the last integral. The integrals from 0 

to 0 may be very accurately generated using standard Gaussian quadratures whereas the integral' from 

A to a era most amenable to solution by Filon's method. 9 This latter method, described in con-

 

siderable detail in references 9 end 10, was developed to handle mechznical quadraturos of the type 

tax 
(22) 

 

The severe oscillations of J(aft) do not occur until all is well beyond unity. Indeed at this 

point Jo(aR) Can be accurately replaced by the first two terms of its asymptotic expansion, viz. 



(37) (*) cos (Rs -w/4)0s or 1 

fuss 

?(X) glin(Rx - s/4)dx 2 

i g2n 

i/ 41(0)C20 P(a) con(nit - r/4)do 0 4 [p(0) (P2n  sin(leu  

r(e)C20-1] Rn (28) 

£ 20

 

F(0) - 91/4)d 

C20 (R.2, - s/4) - 
[ F2n " a  (052n n/4) F

o  cos (Ox0
 - r/4)] (33) 

iv0 

_ 
-f-r-t---• • • -••;••••-•••>-- - 

- _ • 

and 

Upon substituting (24) into (23) for n > e, the resulting integrals may be cast into otre of 
the forma 

Ths intorval from 8 to emu  is then divided into 2n equal intervals of use 6 .> (o - 8)/28 and 
the values of tho independent variable • at these points aro indicated by mo. x.. 1 .." 22n. Intro-

 

daring the veriable B . 60. OM obtains 

%there the generalized 

•
'S P °  ( F0 " m(R4o F20 c" (Rx2n q(8) S21, r(9)520-/ + (29) 

Simpson coefficients p, q, and r are given by 

p(e) 

qtui 

1 sin 20 2 ein28 ----, (30) 

(31) 

20' 83 

2 
sin 20 

. 2 e 2 8 

00 4 coo (32) . (ga_i 
r) 03  

In addition, one has 
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EFF. 

C7.•1 • 1 17 F„_, cos (Rx„), - m/4) 

17.1' 

62n • 
F21  sin (Rx21  - e/4) (F

2n
 sin (Rx

2n
 - w/4) 4. F

o 
sin (Re,, - p/4)) 

s 2.-1 F21-Isin  (Rx21_1- s/4). 

1.1 

The remainder terms *re given by 

Rn 15  Rh5 F2i-1  sin (Rx2i_i  - 1/4) - 9h5 90 F(4)  (E)-0(Rh7 ) (37) 

1.1 

. 1  2 .,5 h5 ) 
45 F(3) cos 

(Rx21-1 
- 04) - j2" F(4  (E)-0(Rh

7
) 21-1 90 (38) 

As is evident from expressions (37) and (38), the error is proportional to It times the interval 

size to the fifth power. Thus 2nr very large R the interval size h must be decreased appropriately 

to maintain accuracy. This in turn results in increasingly long periods of computation. The true 

practical usefulness of Filon's method is therefore in some doubt. Although postulated to be a 

panacea for large R. the method is actually most useful trom the practical point of view for small 

0, i.e., for hR small. With a computer, however, the nethod does yield a convergent solution as 

the Interval size h tends to zero. This should be contrasted to any other mechanical quadrature 

schema which, irrespective of the smallness of the integratiOn step size, will in general not converge 

for any reasonably large value of A. 

APPENDIX III. ANALYTIC SOLUTIONS 

In order to obtain an asymptotic expansion of the fields we first note that H(1)
o 

has the 

asymptotic expansion 

1p:.-Ir/4 eica . 
SioR 
1 0 (ti)) noR  

valid for loRI 1. This may then be inserted into Eq. (1) of the text and the resulting integral 

can be evaluated aa a contour integral. 
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The integrand vanishes, on an infinite semi-circle in the upper half a-plsne because of the e
iaR 

term in H(1). The orieinal contour which lay alone tho real AVia 10 thwrpfors Assforancl tn this semi-
0 

Circle. 004 is left with integrals along two branch cuts and contributions from poles that were 

s 
crossed (Pig. 14). 

2 The poles correspond to transmission modes through the jungle which are exponentially damped. 

The cut at x . 0 (a • n) corresponds to the lateral wave at the jungle-ground boundary. This wave 

is highly attenuated because of the high Conductivity of the ground and is negligible. The cut at 

ma  • 0 (a • 1) corresponds to the lateral wave at the jungle-air boundary. This wave it not expon-

entially attenuated and is therefore the dominant contribution after ane damping length of the pots 

terms. ' There is no branch point at xj • 0 (a n ) since P is even in x. 

The poles are the normal modes of propagation through • waveguide and would be the dominant 

contribution if tha wevegulde were not a lossy jungle. In this case theee pole contributions are 

negligible for distances greater than a jungle wavelength. The cut at a . 1 corresponds to that 

part of the source r&distion which is transmitted from the jungll to the air above and then propagates 

through the sir. This is analogous to the usual ground or surface wave of radio propagation except 

in this case the lower boundary Is jungle rather than ground, 

The contribution from the cut at a . 1 is evaluated by transforming to the variable shy the 

transformation a . 1 + is2  ; < s < This transformation describes the contour of the a-plane 

which runs from a . 1 + i. to a . 1 on the left of the cut as the negative real a axis and the con-

tour in the a-plene which runs from a . 1 to a . 1 + i. on the right side of the cut as the positive 

real a axis. 

By taking 

F--

 

x . . .(i ... 1) 11 1 I.2 /2 a 

.4
. 1 1

01
%1

4 11
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ii
I4 I

11
=

1 1141
1/ 1

111 3
11

4 1
1a

b
ill
ig

lI
M

M
I 

• 
1

1
 I I

 
11

1  
11 1

1 

the correct sign for m
a

 on each side of the cut obtains. 

With this transformation the branch cut contribution is 

Eb  • P ,ii f ds(1 + 
z wit 

ia2)5/2 a-Rs
2 
F(a(s))(1 + 

81,10
1
.i.2)

 + 

The functions F(s) and (1 4 152)12  where m . -1 and 5/2 are expanded in Taylor series about 

s . 0. Only terms of the integrand that are even in s survive. The result is 

„. 
E 
b  

e
i. p

 [1? 0 + BR 4R 

2911 F 
0 o 

R2 

(39) 



• I re& 12 

r e'  

E (41) 

r  lir 

+ ° 88 411F
o 

El + E2 + E3 f- E
4 

+
5 

where 

- .--••••7,r7or.,....ajr".••••••• .41.1.1.1 11•7••411WM  ulgroTed+fm,77 ,,t. —71..5yx-t 

• 

•  

;.• 
• 

Where the embeerlpt "o" using the derivative. are evaluated at • 1 O. The +sprees!** for E: le an 

asymptotic expane/eh In It. 'he I tern In the Draeket provide an estimate of the error Involved 

utian using the firet term alone. The result 10 then 

. 9'10" • .47 —rerio  
117- ef 102.11r2 

X (Z. Zo. uvolt/u (40) 

where 
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i 6 ni a 

Thls expression is too complicated to be useful if a quick estimate of the error involved in 

using Eq. (40) is desired. Comparison with a numerical evaluation of the branch-cut integral, 

Eq. (39), shows that the discrepancy between Eq. (40) and the exact evaluation agrees with the 

estimated error only at the high frequencies (f m 25.5 Mc). At f 25.5 Mc, the discrepancy is 

greater than the estimated error by a fautos of three in somacasse. It would therefore be 

desirable replace Oho error expression, Eq. (41), by a simpler and more accurate erre'? bound. 

Numerical work shows that the expression for the error may be approximated by the following formulat 

 

4 
3 n 

 

3 (H - Y/2) 

 

E 

 

(42) 
6(e4' - 1). x 

   

for frequencies in the range 6 < f < 100 Mc. However, this expression is overly pessimistic at the 

high frequencies and Jo too small for f < 6 Me. An accurate error bound at all frequencies can be 

obtained by simply using three times E (expression 41). More extensive nu=erical comparisons will 

he necessary in order to decerrine simpler expressions for accurate error bounds in all frequency 

regions. 

Fo0 expressions (41) and (42) show the error to be inversely proportional to r. The error 

decrease. as the range increases. Thus the long-range behavior of the elcctrit field is accurately 

given by expression (40. 

When E 2 1, expression (40) is no longer accurate but the integrand of Eq. (39) is still well-

 

• behaved so that • Gaussian integration of Eq. (39) is easily effected. in this regime, the branch 

cut is still the dominant contribution. However, it is evaluated numerically to an accuracy of 

1 0.11 rather than by the asymptotic expansion. 

For E % 1, toe Gaussian integration fails to converge. In this regime a numerical integration 

of the otiOnal integral is used. The numerical integration is accomplished by a machine code, 

described in Appotiix II, 4hich evaluates the tottl field, that is, the contribution from the cuts 

and all 5;olee. We thus are in a position to make an accur,te numerical evaluation of E
z

 for all 

values c . input parameter,. 

1 
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PREFACE 
Unclassified 

CERADS (Counterinsurgency Research and Development Symposia) were organized 

to provide a forum for the exchange of technical information in the area of counterin-

surgency research and development. The operational activities undertaken by the De-

partment of Defense to provide overseas internal defense assistance to the develop-

ing nations are broad indeed; these include civic action, psychological operations, para-

military and military training, provision of military equipment, and actual participation 

in anti-guerrilla warfare. The scope of supporting research and development is as broad 

as these operations. Therefore, CERAM all concerned with subject matter ranging from 
the technology of reconnaissance and weapons through tactical and strategic analyses 

to research in the biomedical and social sciences. 

The last five years have seen an enormous growth of research and development 

effort in these many areas. This growth has been spurred largely by the growing war 

In Viet Nam and by an Increasing awareness of such problems elsewhere in the world. 

The Department of Defense research and development during this period has concen-

trated on highly specialized items designed for use in Viet Nam as well as on efforts 

with more general application. These efforts are now sufficiently developed to permit 

them to be defined as integrated research and development activities including many 

technical disciplines, with a focus on the overseas internal defense problem. The pur-

pose of CERAM is to help provide this focus. 

The CIRADS Proceedings is the written record of the papers presented at the 

meetings, and of other papers accepted for publication only rather than for an oral pre-

sentation. The publication is handled for ARPA by l3AMERAC (Ballistic Missile Ra-

diation Analysis Center), a facility of the Infrared Physics Laboratory, Willow Run 

Laboratories, Institute of Science and Technology, at The University of Michigan. 

BAMIRAC is supported by ARPA under Contract SD-91. 

This first volume of the CIRADS Proceedings comprises papers that were pre-

sented at or prepared for the first meeting. The meeting was held at the Institute for 

Defense Analyses, Arlington, Virginia, on 14, 15, and 16 June 1966. The program 

for the meeting is reproduced in Part 1; last-minute changes are noted there. 

Part 2 contains papers classified through Secret and not releasable to foreign 

nationals. Part I contains all other papers classified through Secret. 
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ABSTRACT 
Unclassified 

C1RA1 Proceedings, Volume 1, comprises papers presented at or prepared 

for the first meeting of the Counterinsurgency Research and Development Symposia, 

held at Arlington, Virginia, on 14, 15, and 18 June 1966, under the sponsorship of the 

Advanced Research Projects Agency of the Department of Defense, Project AG/LE. 

Papers prepared for but not presented at the meeting are included. 

The purpose of the meeting was to provide a forum for the exchange of techni-

cal information in the area of counterinsurgency research and development. The 

subject matter ranges from the technology of reconnaissance and weapons through 

tactical and strategic analyses to research in the biomedical and social sciences. 

Part 2 contains papers classified through Secret and not releasable to foreign 

nationals. 
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LIEUTENANT COLONEL DAN ANDERSON, JR. 

Lieutenant Colonel Anderson was born in Pennsylvania in 1920, and 
grew up in New Jersey. He is a graduate of Haddonfield Memorial High 
School, Aviation Cadet School at Yale University, and the University of 
Maryland (13S, major in political science and military history). He learned 
flying and aerial photography while he was quite young. 

During the early cast of World War 11 he flew mapping cover of de-
fense installations in Ohio and Indiana and also worked as a "Tech Rep" 
for Fairchild Camera Corporation. By January 1943, he had been re-
appointed to Aviation Cadets, whence he graduated as a Photo Officer at 
Yale University in November 1943. After a tour of duty as an instructor 
at Cadet School, he was assigned to a P-38 Reconnaissance Squadron at 
Will Rogers Field, Oklahoma, and shortly went with the squadron to the 
CBI Theater. At the end of the war he VW in the Philippines as the Ex-
ecutive Officer of a squadron mapping the Far East. Subsequent assign-
ments sent him to Langley Field, Virginia; St. Louis, Missouri; England; 
Omaha, Nebraska; and the Pentagon, where at present he Is assigned as 
an R&D Staff Officer and Special Assistant to the Assistant for Reconnais-
sance, Deputy Chief of Staff, Research and Development. He is married, 
and lives in McLean, Virginia. 
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AERIAL RECONNAISSANCE IN VIET NAM (U) 

11888,014 

This Paper Is Not Releasable to Foreign Nationals 

D. Andereon, Jr., Lt Colonel, USAF 

Office Assistant for Reconnaissance 
Deputy Chief of Staff, Research and Development 

Headquarters USAF 

ABSTRACT 
(Unclassified) 

This paper preents a brief summary he 
evolution of aeriel rk:onnalsaance. Thee evolutionary 
changes are compared to the methods in present use to 
accomplish reconnaist9nc in a counter-insurgency 
envircnment in Viet UM. 

Traditionally, reconnaissance has been the eyes of the commander, and his means of "seeing 

over the hill." Today, in Southeast Asia, reconnaissance is performing the same identical 

function -- in a different environment and a different level of conflict. 

To define these differences in the present reconnaissance role in SEA, i' might be wise to 

etep back, for a few moments, and take a look at the historical evolution of reconnaissance. 

The first reconnaissance may have been accomplished by the cave man when he climbed a tree to 

see just where the "other tribe' was, and what they were up to. The next evolutinnary milestone 

wee probably the introduction of the horse-weapons-system into battle. This gave the commander 

more freedom to roam over a wider area. Cavalry was frequently spoken of as a reconnaissance 

screen. The high point of this type of reconnaissance was probably reached in the Civil War. 

However, the tendency of both the Union and Southern Commanders was to use their cavalry as a 

raiding force, rather than in its traditional reconnaissance role. This may have had a major 

Influence on the outcome of several of the battles by denying the respective commanders vital 

intelligence. 

reconnaissance. "Ballooning" had emerged as a major sport just prior to this time. As soon As 

the war broke out, several aeronauts volunteered their services to Preeident Lincoln. One of the 

It was at the time of the Civil War, too, that man finally "got off the ground" to perform 

first balloons to be used in a major battle was flown in the vicinity of Old Dominion Road, near 

.....1.1111111111.1111111% 

McLean, Virginia, by John Wise of Pennsylvania. Two forms of balloon reconnaissance (or perhaps 

aorm properly, observation) were tried. The one by a John La Mountain in July of 1861 used free 

balloons to overfly the enemy's territory -- an early form of strategic reconnaissance; the other, 

3 
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more widely used technique, flew the balloon from n fixed position. Both rethods were reasonably 

successful. While many sketches were made from the balloons and telegraphic communications were 

maintained with the ground, there is no evidenee of any photographs being taken. 

Balloons more or less died out after this war -- this is the earliest historical example of 

the discarding of our reconnaissance capability between wars. But sure enough, with the outbreak 

of the Spanish-American War, balloon reconnaissance was immediately called for. By this time, 

ballooning was in the hands of the Signal Corps and, through heroic efforts, a halloon end 

hydrogen generator were brought from Florida to Sante Cruz. It was used for an observation mission 

on the day following its arrival, and disclosed an alternate path used by the expeditionary force 

to get to the enemy trenches. 

By World War I, the aeroplane had arrived on the scene. In the European conflict, prior to the 

U.S. participation, early tactics for the use of the aeroplane were evolved primarily by the 

French. Lt More-Brabazon of England del/eloped their first air cameras, as a result of his survey 

of French methods. The United Stater, tinviin invented the scroplanc, fell far behind in aviation, 
4 

and at the time of our declaration of war, red on hand only 30 officers, 114 enlisted men and 51 

aeroplanes, of whieh only four aircraft were deserP..d by "Col" Hap Arnold as serviceable. Be 

tat as it may, the irmediate use foreseen f>r the aeroplane at that time was reconnaissance. For 

this purpose, the two-plae DH-4 Observation/Bombing Plane and the Liberty engine, were the major 

American contributions to the air war. However, 89 important as the airplane was to become, 

balloons were still given equal priority and by the end of tee war 23 balloon reconnaissance 

squadrons were in active service as compared to 28 airplane reconnaissance squadrons (out of a total 

of 45 airplane squadrons; on 13 November 1918. 

What then were the tactics evolved for both the balloon and airplane reconnaissance/observation 

squadrons? First, the balloon observers learned to sit end look. Soon the observer also learned 

.the art of change detection -- to watch for an increase in troops or of truck traffic, or a new 

milk cow in the barn in the area in front of him. Any significant change was sure to bring down 

artillery fire -- except for the cow. 

The aeroplane observer learned to take pictures (the balloon cbserver generally did not). Soon 

the commander had a mosaic of the entire area in front of him. He also learned to do "contact 

patrol" consisting visual observations and telegraphing his report to the ground. He further 

learned to direct artillery fire, using a "clock" code to transmit his corrections. This was 

considered tactical reconnaissance in direct support of the Army. If he was sent 50 idles 'e,hind 

the front lines to photograph installations, he wee performing strategic reconnaissance. 

These concepts for reconnaissance/observation stayed with the Air Corps up througt the early 

day- of' WW II. The major change in concepts tame with the addition of a few long rang.) bombers 

4 



which were provided with a photographic capability. However, the added reconnaissance "flight' 

was primarily for "seaward" reconnaissance. In any event, right up to the time of North Africa in 

World War II, direct support of the Army was still conceived to be by observation methods. This 

direct support observation was still thought to be beet accomplished by the use of slow aeroplanes 

of the 0-52, 0-46 and 0-47. Each observation aircraft carried an observer of World War I vintage 

with a camera, a radio and his eyeballs. 

By late 1939, the British had found the fallacy of such a doctrine. On the first day of the 

war, a Blenheim bomber was launched to Kiel to photograph the German fleet and was promptly shot 

down. This was a policy the Germans followed, almost without failure, as long as the Blenheim as 

used. The Royal Air Force was quick to admit the error of their ways, and among other stepe, soon 

allocated a portion of their new Spitfire fleet to the job of high altitude reconnaissance. They 

soon learned their new trade well. At high altitudes, to get a readable image, they needed long 

focal length cameras. They also learned to keep cameras out the intense cold, and the reconnais-

sance pilot learned precise navigation. But in learning this trade, dividends were returned. They 

were out of the range of the hostile ground fire and they did return with vital intelligence -- the 

real role of the reconnaissance aircraft. They also learned that the intelligence available In a 

single photograph was not something that could be "picked off ° by any "warm body" -- but instead 

required a skilled specialist. To this end they enlisted the aid of their compatriots, the photo-

grammetrists, or map makers, who had already developed such skills to a fine art in converting 

photographic detail to map-topographic detail. 

These were but a few of the experiences turned over to the U. S. forces by the RAF when Pearl 

Harbor was hit on 7 December 1941. Soon, the U. S. had corverted 100 P-38's to hi-altitude, multi-

camera photo reconnaissance vehicles. Quickly, the slow a.'d vulnerable observation aircraft were 

retired from the scene. They were replaced by the P-40, and liter .he P-51, as a tacticri recon-

naissance airplane, with a single man crew. These "tac-reece" squadrons still accomplished visual 

observation, and used two cameras, an oblique and a vertical, to obtain photographic confirmation 

of what they saw and reported. 

Much of the world to which the U. S. was nct committed was both unknown (as to its target 

content) and unmapped. Thus, long range bombers were converted for extreme range, or strategic, 

reconnaissance, to bring home mapping photography for the preparation of route maps and target 

materials. The final evolution of this phase came with the conversion of B-29's to F-13's to find 

the targets for this new (and, at that time, secret) fleet of intercontinental bombers. 

By the end )4 the war, a fleet of 1,117 reconnaissance aircraft had been built to provide 

complete visual, photographic and long range flexibility. They could fly far, they could fly high 

or low. They could "dice" the beaches as they did for Normandy, or reach the Yokota Steel Works 

5 
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from India, as they did in preparation for the first 8-29 raid. The P-'s also had some consider-

able success in finding Japanese eoldiers filling the tree covered passes at Buna in preparation 

for an invasion of Port Moresby. 

At the end of this conflict, the U. S. reconnaissance capability was quickly demobilized as was 

nearly everything else. The P-38 and B-51 were scrapped and, in a relatively short time, replaced 

with the new RF-80 jet airplane. This airplane was available in a few squadrons for the Korean 

"police action." Now, new techniques were to be developed. Photography had to be obtained from 

extremely high speed aircraft flying both high and low. The older generation of camerae no longer 

met the need. The technique of "motion-compensation" to compensate for the forward velocity of a 

high speed aircraft during the fractional moment the camera shutter wee open was perfected. In 

Korea, a "new"and common method of logistics wee soon found to be the "A" frame. Supplies were 

back-packed in -- but movement was confined to the night. Thus, nite photography was rekindled. 

Not only were the flash bombe of VW II reissued, but the newer 'Cartridge System" was developed and 

operationally employed to give a multiple exposure night capability. 

In addition, and of necessity, one other form of visual reconnaissance was perfected, the 

so-celled "Mosquito-fleet." These were the T-6 trainer airplanes used by the forward air control-

lers. These were used to supplement the visual observation capabilities of the few remaining RT-51 

tactical reconnaissance squadrons. The primary mission of the Mosquitoes was that of marking 

targets and assessing the results of fighter-bomber strikes. However, each aircraft, working in 

2i hour shifts, from 30 minutes before daybreak until they were unable to distinguish objects in 

the darkness. They performed continuous visual reconnaissance of possible enemy targets along tta 

front lines. This was accomplished either on their own initiative, or as requested by a division 

tactical air control party (TACP). Thus, in the Korean War, it was the little "mosquito fleet' 

that followed in the footsteps of their forerunnere, the P-51's of WW II, the 0-52's of the in 

between yeare, and the CH-4 of WW I, in providing direct reconnaissance support. This technique 

for support of the field Army is still in extensive use in Viet Nam today. 

Reconnalesance of the Korean time period still remained photographic and visual -- with an 

inceesant problem, that of obtaining night BOA and night line-of-communications photography. 

Processing of films, their interpretation and the provision of area cover for the Army, and target 

folder materials for sir strikes, remained the function of two Reconnaissance Technical Squadrons. 

Following the Korean War, tactical air doctrine was, to a degree, de-emphasized in favor of 

strategic reconnaissance -- although a major "in-being5  fleet of tactical aircraft was maintained 

in readiness. In the strategic area, the techniques of "Pioneer" reconnaissance, and hi-altitude 

targeting and surveillance wee perfected. There were the days of the "big birds.' First, there 

were the RB-29's and 50's and later, the RB-36, with their concept of a multi-camera, long focal 



        

        
1,1ngth capability, for high-altitude intelligence. It was in these days that the first really new 

technique of surveillance of large areas from maximum high altitudes was perfected. These tech-

niques and lessons were apparently adopted for U-2 operations. It was also the development of such 

capabilities that led President Eisenhower to advocate the principle of "Open-Skys" at the Geneva 

Conference of July 21, 1955. 

There have followed, in periodic cycles in the eusuing years, a series of mall but 

increasingly vital "reconnaissance wars," such as Lebanon, the Suez, the Congo, Cube, and the 

Dominican Republic. But essentially, the reconnaissance capabilities remained static with the main 

change taking place in the airframe. 

In the meantime, the laboratories of industry and the Services had, at first tenuously, then 

in a bold dash, been experimenting with other portions of the electromagnetic spectrum. They 

looked at both sides of the narrow visual region. By the early 601 s, extensive experiments had 

been conducted with aide looking radar, both coherent and non-coherent, electronic intelligence or 

ELINT, and on the other side, thermal infra-red had also been thoroughly explored. 

By the time of the Cuban missile crisis in the fall of 1962, there had coma to be a broad and 

general appreciation of the necessity of aerial or overhead reconnoissance, as it was now sometimes 

defined, to differentiate it from ground reconnaissance, in the making of National decisions and 

policy. As announced by the late President Kennedy, it was the techniques of high altitude sur-

veillance, using the U-2, that uncovered and recorded the initial construction activities essential 

for the installation of IRBH's. However, once their existence had been revealed, it was extremely 

low altitude reconnaissencc that was used to record Cie current status of the various sites and 

determine if, in effect, 'the plug" had yet been attached. 

At this time, new reconnaissance systems were in the making. The impact of exploding 

laboratory technology and the necessity for above average quality photography at extreme low 

altitude dash modes, came together in the design of the RF-4C airplane. To solve the problems of 

low altitudes and high speeds, and still to provide euffidbnt lateral coverage for a minimum of 

sorties, the so-called "panoramic" camera was brought quickly to fruition. This technique used a 

moving optical system to "paint" large scale images on film. The technical complexities of infra-

red thermal detection were alto solved sufficiently to build operational sets. Side looking 

coherent radar was installed to provide the long-sought all-weather capability -- so the Battle of 

the Bulge could no longer catch us "with our eyes down." This was the new era of the "multi-sensor 

reconnaissance" aircraft. 

This then was the fabric on which modern reconnaissance was built, as the United States made 

the decision to provide military assistance to the Republic of South Vietnam -- in a level of 

conflict labeled counterinsurgency or "COIN warfare. These were the evolutionary advances of the 
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techniques of reconnaissance -- still following its basic tenet of being the eyes of ;.he commenier 

and allowing him to "look over the hill." 

Now, after nearly three years of operations in this type of an environment, IL is timely to 

asseea the -ftpabilities of these modern reconnaissance systems to operate in such an environment 

and determine what, if any, changes must be made for the future. This latter point may be crucial 

if, indeed, the communist block continues to spread the tenets of communism through the exploitation 

of "local" were of revolution within the Asian land mass. 

I have recently returned from a forty-five day temporary tour of duty in Viet Ram and Southeast 

Asia. I make no pretense of being an export on these operations after such a short period of time. 

However, I do believe it is possible to make A few tentative judgments by comparison with our past 

experiences. This I will attempt to do. 

First, let us define the physical environmenl. First and foremost -- we have, indeed, worked 

in this type of weather and feature environment before. We flew extensive reconnaissance missions 

throughout the South Pacific island campaign Find in India and Surge throughva World Wer II. The 

topography of Vietnam is not greatly different than those areas. To a large degree, the technical 

problems of high altitude surveillance and low level photography have teen resolved. The technice.;ce 

for the use of IR thermal reconnaissance have been steadily improved end represent the one major 

advancement in reconnaissance at the present moment. However, considerable information is yet to 

be learned of all of its benefits. Momentarily, the benefits If side looking radar in this type 

of an environment are not fully apparent. Primarily, I believe that we are learning its present 

limitations. It may be determined in time, for example, that non-coherent radar, with a strong 

emphasis on the MTI mode, (and possibly its trEnsmissability) are best for low level reconnaissance 

and that coherent radar is more advantageous for the high altitude surveillance mission. 

The principal points of similarity between this and previous "reconnaissance wars," ere: 

the need for night reconnaissance -- especially of the lines of comzunications; the need to provide 

area cncsaicl cover for the planning of new ground operations; and the need to search out the 

elements of "targetable systems.' By the latter I mean the radars, the food storage depots, the 

things, that if destroyed simultaneously and in totality, inhibit the enemy's ability to perfam 

effectively. As noted in the Air Force Study of World War II Operations, 'the selection of 

objectives, the grouping of zones and determining the order in which they are to be destroyed, is 

the moat difficulty and delicate task in aerial warfare, constituting what may be defined as 

aerial etrategy." 

These, than, are some of the general similarities of war in a counterinsurgency environment 

and those under other higher levels of conflict. To sum up, we have noted that weather environments 

of the type encountered in Vietnam have been met before, that the topography has been encountered 
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before, and that many of the reconnaissance missions are identical -- at all levels of conflict 

(short of nuclear wars). 

The difference., then, are generally in the methods we have found useful to reconnoiter what 

are essentially termed 'guerrilla actions." Battles in this level of conflict are not formal 

military confrontations of regimental or divieional units. The battle, fought, so far, have often 

been in the nature of "Indian fort" wars. Plei-Mei was a typical example. In the landings and 

the sweeps from coastal points, there is a similarity to former Pacific operations, but there's 

still a difference. The enemy is not uniformed. At times, his fire must be drawn to ilentify him. 

Therefore, reconnaissance for order of battle is often next to impossiW.I. 

There are seldom classic FEBA's (forward edge of the battle) established. The Army's exploi-

tation of the tactic of vertical envelopment, by helicopter airlift, indicates the negation of this 

type of battle. Under these conditions, reconnaissance does not stay out in front of advancing 

troops to identify the enfilade positions or danger spots. 

For counterinsurgency actions, reconnaissance has proven as useful as ever for air actions 

against line of communications -- the classic interdiction problem -- and in providing area cover 

for plenning any ground action, whether it be a forward move from in-place or an envelopment miles 

away. But reconnaissance must also become more subtle in some ways. To cope with this, a number 

of changes in reconnaissance technique, have been, and others will be, made. While photography will 

still be the major source of what President Kennedy, in his Cuban mieelle speech, called Hard 

Intelligence, other forma of reconnaissance must also be used. For example, DA cuts of the radio 

nets required for commend and control are effective activity locators. Infra-red is telling where 

the nightly cook fires are located. MINT can reveal the network of the air defense syatems. We 

shall also soon add canouflege detection color films to our reconneissence beg of tricks, since 

there is still the old jungle problem of telling where they have hidden their trucks under cut 

branches. 

While I noted o short time ago that we are now in an era which we have termed the multi-sensor 

era, I think the better dennription of the requirement for counterinsurgency is "flexible-reconnais-

sance." 

Perhaps if I explain a typical problem area in this type of warfare, I will make this point 

°liar. For many years, the Viet Gong have been digging holes and tunnels in the ground. These 

people are natural born moles. Their tunnels date hack to their conflict with the French. The 

tunnels have become extensive, and are used for the storage of food, the command and control 

elements, munitions, and the training of people. It is around these holes that people will 

accumulate. But remember, there is no fixed battle area, and theoe soldiers do not wear uniforms. 

When out in the open, they could be a farmer planing rice, or they could be a Viet Cong. However, 



if you can find the accumulated holes in the ground, the B-52 raids can do an effective job of 

breaking them up and destroying their food and munitions. 

Normally, the answer to this would be to fly low so as to get a good scale -- say 1:2,000. 

Rememberfhother that these tunnel entrances are very small sites blended into the ground. However. 

ground fire has, in many areas, made low altitude flying an untenable zone. If you move up in 

altitude to maintain the same scale, you add focal length. This, in turn, may bring the camera 

within the hyper-focal distance limitations thereby causing a alight out of focus condition. It 

could also make the field of view unacceptably small. This sort of problem is what I mean by more 

subtle and more flexible capabilities. You must have the ability to deal with the novena', the 

farmer/soldier, the caves, backpacked supplies, trucks which move only at night, and trucks hidden 

under false houses with the connecting roads hidden under cut branches. 

So far we have only talked of the problems and methods of collecting reconnaissance in a 

counterinsurgency environment. Now, let us turn our attention to the problems of the Photo 

Interpreter. In peacetime, the photo interpreter is inclined to be the forgotten individual. As 

previously recounted, the British found (and still consider) him to be a pretty important asset. 

The American view has, at various times, been inclined to be that expressed by an Army Training 

Reg 210,10 dated 4 January 1926, which said of him in part: "An aerial photograph is, in effect, a 

graphical report of an airplane reconnaissance. . . All officers should be able to read these photo-

graphic reports. No more special training or skill is required to use an airplane photograph 

intelligently than is necessary to use a topographic map. ° The PI sections of World War I/ were 

large, extensive and modeled on the RAY pattern. The RAF established Ports sections, Airfield 

sections, etc. The value of thia was clearly demonstrated by the methods that were used to find 

and follow the development of the Buzz Bomb and the V-2 Rocket, resulting in Operation Crowwbow 

and the Penemunde Raid. After WW II, and before Korea, much of this activity was dropped. What, 

in peacetime, would a PI - PI? I clearly recall, however, the Monday following the invasion of 

the 38th Parallel, the call came to photostat all reserve PI records for immediate recall! We 

have, of recent years, learned these lessons and have kept on hand a forte of PI's, though still 

not in sufficient quantity. The photo interpreter is the middle link of the three-link chain of 

reconnaissance. Reconnaissance collects, the PI converts the film to useful information, while the 

third link, the D/I staff which includes intelligence analysts converts the information to targets. 

What then are the problem* of the photo interpreter in a COIN environment? First of all, much 

of the interpretation is classic location of the line-of-communications, water vetch, and those 

things the fathers of SOMO of the present PI'a have done before in the Pacific. The problem is 

that he must dig these things out from the constant mass of foliage spread over much of the country. 

The next thing is, he does no classic strategic interpretation. There are few large cities outside 

10 



11 

10-.• 

of Saigon and Hanoi. There is little airfield "watch." Rio concern is with people and isolated 

areas. People who carry things -- guns or supplies on their backs arid small convoys of trucks 

coming down the isolated roads with their oargos covered with branches to conceal their contents 

from his oyes. What he is eternally trying to solve Is - How did that truck get down that far on 

the road when the bridges are down in between? Where can they have a new by-pass now? For this, 

he ie using his eyeballs in an over-extended position, and must have the help of reasonably high 

acuity camera systems. The people are small, the holes in the ground are snail, and natural 

camouflage is all on the side of the snowy. It Is obviously easy to hide considerable small arms 

firepower, including machine guns, in the grass and underbrush that may surround a helicopter land-

ing area. These become not only difficult, but next to impossible, to find by any conventional 

methods. 

Fortunately, we learned sometime ego of the increase in information content obtainable from a 

positive film transparency as compared to that that can be gained from a reflective print. Nowadays, 

you find such of Air Force interpretation being done on light tables. This allows film to be looked 

at in bulk -- by the roll rather than the individual print. We have thus been able to become some-

what more sophisticated in our means of looking at reconnaissance BS a result of this print-to-

positive-film changeover. We can now use fairly high power "zoom' optical microscopes look at 'meal 

segments of the film. We can use rear projection viewers to get up to a 20X look at the whole 

frame -- particularly valuable, for example, when looking for the juts of land which might lead to 

an underriver bridge, a ferry or a ford. All of this magnification is helpful, but there are still 

tires when the PI needs his "old friends," the stereo pair, to see the third dimension. 

At present, thie means slowing down his timeliness by sending tack to the lab for pair of 

prints or films -- or more often, I'm sfreid -- forget itl The time he core, I believe, when 

enough evidence is available to say that present diem compounds have both sufficient grey scale 

and resolution, to make them adequate for a large majority of tactical interpretation. By this 

means, we oan give the PI a small self-operated ultraviolet printer-processor with which he can 

make his own "on-line disposable stereo pairs. In this way, we will get more stereo looks, at a 

cheaper cost, and on a more timely basis than with many of the elaborate eye-base wrap-around 

tables we have tried with little success thus far. 

In selecting the PI's tools, despite the difficulties I have outlined to you, I hope you win 

note that I am advocating =ad Igola and 'lull opsrations. Light tablec, zoom microscopes, rear 

projection viewers, 'Black-light" printers, a PI kit of hand tools and that's about it. However, 

I hasten to note that perhaps as we work more with IR, Radar and possibly Laser, some additional 

tools say possibly become necessary. But for the present, these would appear to euffiee. 



I. 
There is one more trend that for Any type of interpretation appears at the monent to be of 

major importance -- that is, the use of the computer in direct support of the interpreter. To 

see the importance of this -- the first step into eemi-eutomsted data processing -- let us Resume a 

move into Country 'X". When we move into any new country, we know something about it. We will 

have to some degree a "data base." The countryside will have been gone over by someone, and PI 

reports made of the obvious fixed installations -- bridges, towns, etc. Let us assume that, at 

start, a base of 600 known obvious items exist. As we move in military force.., the bane increases 

am a result of reconnaissance and as new fixed items are found. As the enemy extends his oper-

ations, he brings in more equipment, more items are reported, and as more use is made of the 

various topographic features by the enemy, for fords as an example, the base continues to swell. 

In time, a number of things happen. The PI builds up a larger quantity of reports he should refer 

to. Any neighboring friendly force reconnaissance will also be providing reports and sending them 

to him. Be soon becomes submerged in his files of reports and comparative films. However, if he 

is conscientious, he should and will attempt to consult them. 

Soon, more of his t;se is spent looking up files than at photographs. One of the main things 

he is interested in is change. Whet did it look like before? We have machine formatted cur PI 

reports into whet we call the Immediate Photo Inter;retation Report (IPIR). Much of reconnaissance 

is floun to produce these reports. However, I;' the Navy, yesterday, covered an anti-aircraft eite 

and reported it as "still under construction' -- and it still is -- there is no need for him to 

spend further PI time on it. He need only say "no change." The storage, sorting, and printout of 

such reports is an ideal computer use. The computer can summarize, within the area of view of the 

cameras, and in advance of "PI'ing" (while chemical processing is still taking place) all priority 

targets and the reports about them. I believe that this technive should be put in active use and 

taken out of its present expn-imental phase. Computers ere in daily perstnnel use and handle our 

suppli problem in the field, and should also be used to process our voluminous intelligence data 

base, both in the field end in cur fixed stateside instellntions. 

Now, to the more critical and technically difficult phase of reconnaissance, the so-called 

real-time reconnaissance. First, though this phrase is used frequently, what do we mean to imply 

by it? The ideal solution for many tactical situations would be the coupling of the reconnaissance 

and the strike airplane into a single vehicle. Then, As the pilot observed critical targets, he 

could hit them. In the daytime in clear weather, the fighter-bomber does just that and has done 

it well 'or a long time. We would also like to do this at night, and In bad weather too. This 

could be accomplished with many categories of targets, if we could illuminate them in a manner 

that could produce an image on a screen, boost the available night ambient light, or penetrate 

daylight haze and fog. 
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Unfortunately, with such of our present technology, the "CRT" screen produces too coarse an 

image. This means that the targets must be large and/or standing out h the open to be seen. For 

many of the types of COIN targets I have previously described, results will, therefore, probably 

be limited by technology for quite a while. In this v)de, there is a further practical difficulty 

too, in that the "second man" is busy navigating at night and in tad weather, ard thus doesn't 

have too such time (and possibly little ability) to be s "PI." 

Another alternative is available. But first, when is time important? Primarily for targets 

that are fleeting or that can be moved in a short time. Fixed installations can be hit, if 

necessary, the following day. This second alternative could be a flying 'PI aircraft," or 'hunter" 

aircraft. It could use several forms of illumination and recorders to find these fleeting targets. 

The reconnaissance information, as it developed, could be relayed Lo either orbiting strike air-

craft, or "strip-siert" aircraft, as appropriate. Hlwever, many problems still exist in this 

alternative also. The types of sensors amenable to airborne processing, are mostly within the 

family of "line-scan' sensors. Unfortunately, for every line, there is a space. Thus, image 

magnification is difficult even if put on rapidly processed silver halide film. If displayed on a 

light table instead of viewed on a screen, the immpes for sometime will still tend to be coarse. 

There are numerous other problems as well. But all must Le futamined tn detail if we are to reduce 

the reconnaissance time element in dealing with fleeti4e targets. 

The third option, more likely to be setisfactlrily solv^d in the near time period, is the 

transmission of data. Data can be recozded quickly, processed quickly and -- provided bandwidth 

requirements are not excossive -- be transmitted to line-of-sight distances. The sensors presently 

amenable to this are non-coherent radar, IR, TV, Laser and some categories of photography. All 

can be produced, or reproduced, as a line-scan image on the ground. Overlapping the lines helps 

to a degree but they still form a line and a space, thus, there is a limit to the finite size of 

the target for which this is acceptable. However, these sensors do capture an image and will get 

it to some selected spot in a hurry. Here there can be conventional Pl'e who can deal with the 

target data to the degree that the delivered resolution or acuity will allow them. This should 

improve the timeliness of reconnaissance -- where time is vital, and in dealing with fleeting 

targets of such size as to make identification positive. For the present, at today's level of 

technology, it cannot be considered a panacea for all reconnaissance, especially where high 

acuity is more important than time, and in those target categories where difficulties are being • 

encountered with the use of such higher information content cameras, and fine grain films imitable 

for microscopic examination. 

These three options must be fully explored for counterinsurgency operations, however. For 

here, people are fleeting, weapoos are moving, and logistics carriers are here tonight and on an 

alternate route tomorrow. 
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In this paper, I have tried, briefly, to summarize the background of military reconnaisaance. 

From this background, we have then looked at the similerities and the differences of what we call 

counterinsurgency warfare. I believe we have found many of the °lassie methods of reconnaissance 

are still in use and are still sound. They merely need continuing improvement. The differences 

would appear to lie in the type of warfere and in the enemy we are dealing with -- these are 

problems of Indian-fort battles, moles in tb,. ground and non-uniformed irregulars. For this, a 

flextzle and a fairly sophisticated reconnaissance collection capability suet be ueed. We use our 

firepower beat when we develop the components of the enemy's capabilities into targetable systems. 

The objects forming these components are both difficult to find and difficult to keep track of in 

this counterinsurgercy environment. Computerized data files in the field should help in this area. 

The smallness of many targets such as, band: of people carrying food, a few trucks carrying 

munitions, mobile defensive anti-aircraft weapons are all easily 'faded' into the jungle once 

observed. These targets require the time between "find and strike" to be minimized. There are, at 

the least, three options for performing "near-real-time' reconnaissance. Their advantages and dis-

advantages muat be weighed to ansure that proper development emphasis is put on those techniques 

most likely to succeed in the near term. 

I will close by suxmarizing where I feel that we stand concerning our Air Force reconnaissance 

capabilities in Viet Nam. But first, let us look at some film production figures. In January of 

this year, 736,000 feet of original film was processed; in February it vas 938,000; in April 

nearly 1,000,000 feet. This incidently resulted in duplication amounts of 1,664,000 in January and 

2 542,000 feet of film in April. 

Now as to the cooponents of the reconnaissance systems, I will try and give this in terms of 

a report card. 

Aircraft - B+ 

The new RF-4C system is doing an excellent Joe although mainly confined to the night mode at 

present for which it was brought to Viet Nam. 

Camera Systems - B 

Higher acuity is needed for the COIN environment. 

Infra-red - C 

An outstanding example of swift introduction of new technology. Imppovement in resolution 

and in interpreter training is needed then the grade could be "A.' 

I am downgrading radar at the moment, primarily because of scale -- the present 1:390,000 

scale is too small! Technically it works as well as intended, but we have not yet learned to get 

such in the way- of significant military information from the records. H:wever, this will come, 

and the Viet Nam environment will certainly help to speed its arrival. 
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So much for collection aysteasi now let us look at processing: 

Chemical Processing - B 

As I have indicated, reconnaissance is big business in the Pacific. 2,500,000 feet of dupe 

film in March is big by any standard. Our problems lie in our limited capabilities to process 

film rapidly to an adequate photographic quality and in the quantities in which it is collected 

duplicate it in the quantities requirti by other intelligence agencies. 

Information Processing C+ 

The other phase of processing that needs improvement is the reduction of imagery from all 

sensor systems to useful intelligence. This, as indicated earlier, is the place where computer 

technology may be of considerable assistance. It s: present can rate a "C' only because of the 

hard work of many people. It is a thought provoking area -- but whatever is dons, it it be 

done in as simple a form as possible consistent with field operations. There is one constant 

refrain one hears in Viet Mae today& *Keep it simple, stupid." The techniques that may work well 

in an adequately staffed permanent industrial laboratory, may not be supportable in field 

operations. Maintenance may be difficult and the training required exhorbitent under a policy of 

annual rotation of personnel. Of one thing I an sure though, as long as there are wars, the 

commandore will still need reconnaissance to "look over the hill' for him. 
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ABSTRACT 
OmmideimmeimbOe 

A meaningful criterion for assessing the criticality 
of (or neceesity for protecting) individual petroleum facil-

 

ities has been established, and most of the analytic tech-

 

niques necessary for their application have been developed. 
A procedure has been formulated which uses this criterion 
for evaluating and choosing among available measures to 
enhance system security. The procedure has been applied to 
a large US-awned system in Latin Az:erica, with come interesting 
and usable results. 

1. INTRODUCTION 

Defense Research Corporation began studying insurgency In Latin Americo in January 1964. One 

of the tasks undertaken was that of determining the vulnerability to sabotage of major industrial 

installations in Venezuela, and of comparing the effectiveness and costs for schemes which could 

protect these installations from insurgent sabotage activity. 

As part of this effort, considerable attention was given to understanding the nature of the 

insurgent threat in Venezuela. This included a historical review of insurgent activities in 

Venezuela in general, and of insurgent activity directed against the facilities of the Venezuelan 

petroleum industry in particular. The data available included captured insurgent documents and 

descriptions of insurgent sabotage devicea. As of October 1964: 

1) There vas considerable evidence to indicate that an insurgent command structure was 

operative in Venezuela and that the Caracas FALN headquarters, in particular, had 

secured a high degree of centralized control over insurgent activities in various 

parts of the country. 

2) Insurgent planning, veaponry, and tactics, from a military standpoint, seemed to be 

  

growing increasingly sophisticated. 
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3) The Venezuelan petroleum industry in particular seemed to constitute an accessible set 

of physical targets whereby the presumed insurgent objectives of psychological harass-

 

cent and economic disruption could easily be realised. 

These observation. led to the conclusion that the petroleum complex in Veneslela ranks high 

on the insurgent priority list of industrial targets. Indeed, it appeared reasonable to expect that 

future levels of violence against petroleum installations could be even more disruptive and costly 

to the industry than those previously experienced. 

Even though, since that time (late 1964) the anticipated threat has not in fact developed, the 

petroleum system(s) remains vulnerable to serious disruption. Since then, in fact, :•ther petroleum 

system. (Libya, Iran, Oman) have been sabotaged. Thus the need for • general understanding of the 

phenomenon remains. Furthermore, applicstiou of system analysis to thie problem may illuminate the 

study of other vulnerable operations (e.g., railroads, communicatitn systems, and water transportation). 

An attempt vas therefore made to describe the industry's position via-a-via a possible escal-

 

ation in insurgent hostilities and, more important, to suggest how this position might be improved. 

The purpose of this paper is to describe the analytic concepts that have evolved from this effort, 

and also, to present a specific analysis that was conducted within this conceptual framework. 

2. THE SYSTEMS APPROACH 

2.1 THE PROBLEM OF PETROLEUM INDUSTRY SECURITY 

A large oil-producing complex, such as that in Venezuela, may be spread over immense territory, 

much of it difficult to maintain under surveillance. Individual facilities are therefore exposed 

to sabotage with little effort required of the saboteurs. Since oil-producing syetema are usually 

very flexible end redundant, sporadic attacks on leas important element. of the system my not 

seriously inconvenience the producer. But more frequent attacka, in conjunction with more sophisti-

 

cated te:hniques and operational planning, can effect • great deal of economic damage, if that 

becomes the insurgent aim. 

Since the producer/distributor is most interested in meeting his market on • timely and least-

 

coat basis, he respond. by protecting key, hard-to-replete facilities, enhancing his recovery capa-

 

bility, and accepting the remaining sabotage as an incremental operating cost. His effort la to 

insure efficient recovery so that the system can be returned to operating order as rapidly and 

cheaply as possible. 

On the other hand, since the future threat is difficult to predict and the interaction between 

sabotage damage and system operations is a complex one, the specific measure taken may be inadequate 

CT wrong. For example, having taken inadequate stepa to protect noncritical elements of hia system, 

he may discover that repeated, timed attacks on thee can be damaging indeed. Conversely, having 
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provided protection, but no replacement for critical element., he may be unpleasantly surprised by 

a high-risk major insurgent attack. 

In summary, the petroleum industry security problem presently is one of allocating limited 

resources in the face of a poorly defined throat—determining criteria by which to recommend the 

best expenditures when the insurgent intantion may be largely determined by qualitative values. 

2.2 THE APPROAOl 

Given constrained protective resources, and many facilities to be protected, an immediate 

question is, "Which facilities should be protected first?" Another way of phrasing this ie, "What 

is the relative importance of continued normal operation for each facility?" Since the benefits 

derived from company operation are primarily economic, the value placed on continued normal 

operation should he economic also. 

The basic hypothesis ID this study was as follovs: The criticality of a facility can he best 

measured by the integrated 1,•1 of profit which would result from that facility's destruction. 

In this approach to measuring criticality, the specific value derived for a facility, in 

general, is not the same under all conditions. It varies with both (a) the assumed operational 

conditions at the time of postulated destruction and (b) the amount of down-time associated with 

the destroyer. facility. In turn, operational conditions change with whatever other insurgent 

sabotage may occur before and after the incident. Expected down-time depends on available spares, 

repair crews, etc. 

The procedure developed to use this criterion pertains to the system of a single operator 

within the industry. It can be simply described as follows (see Table I): 

1) System Simulation - The first step is to devise an analytic method (or model) which (1) 

describes the net effect of each individual facility in the system on current company 

operations, and (2) describes the company's current capability for recovering from 

possible damage to each individual facility. 

2) Loss Equations - Sabotage damage to the system results in some combinations of equip-

ment repair and replacement costs, storage oil destroyed, and oil not delivered on 

demand. An analysis of the company's normal fiscal operations (including tax and 

franchise obligations) results in an algebraic loss equation which, when applied to 

any of these oil and cost quantities, results in an ament of insurgent-caused 

loss of profit. 

3) Threat Postulations - Under this step, a aeries of incidents against the system are 

postulated in the light of estimated insurgent, objectives, known insurgent capabili-

ties, and whatever sabotage history may exist. 
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4) Loss Assessment (el) - Each incident of a threat postulation results in hypothetical 

damage to a portion of the system. For each threat series, the aggregated system 

damages can be put into the system simulation model, resulting in a description of 

net effects on system operations. The loss equations can then be applied to yield 

an estimate of expected dollar losses in each case. 

A difficult problem to be met here is that of the relationship between threat postu-

lation (in terms of numbers of men, timing, and ordnance) and resultant system 

damage (in terms of how much of the particular facility's capacity is rendered 

inoperative). In what has been done thus far, resultant damage has been specified  

rather than derived, but analysis is required which describes mathematically the 

cause and effect relationships of the attack-damage situation. 

5) Postulation of Alternative Security Measures - As a result of steps 1 through 4, the 

possible economic consequences of the expected threats are explicitly defined. The 

next question is, "Mow should the system react in order to minimize expected loss of 

profit?" 

In this, the security function can select from among five basic strategies. These 

are: 

a) "hardening" of company facilities - including concrete reinforcement, water 

moats, earth covers, etc., 

b) "active" defense of company installations - including armed security guards, 

pursuit squads, and military ordnance, 

c) "passive" defense of company installations - including all intrusion detec-

tion and intrusion prevention equipment, 

d) increasing the company's ability to recover once damage has been inflicted - 

including revised sparing and repair procedures, oil-borrowing arrangements 

with other companies, and possible contingency sales agreements, and 

e) expansion of company distribution facilities to provide more alternative routes 

by which oil can be delivered to the customer. 

Any possible combination of these strategies then becomes a security alternative. 

For each alternative it is necessary to know: 

a) The total cost to acquire and operate the security alternative--if this is 

greater than some predetermined security budget, the alternative is excluded 

from further consideration; 
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b) The changes in expected demote specifications (under the original threat 

postulations) which result frum having the security alternative; and/or 

c) The changes in system recovery capability which result from having the 

security alternative. 

Again, a relationship which still requires considerable analysis is that of 2). 

6) Loss Assessment (#2) - In this step, expected losses are computed for each of the 

original threat series postulations arrayed against each of the security alternatives. 

The method used is that of step 4, and the same comments apply. 

7) Computation of Reduction of Loss of Profit - For each threat postulation and each 

security alternative, the difference between expected loss of profit to the system 

without the alternative and expected loss of profit to the system with the alternative 

is a measure of the alternative's effectiveness (or value) in providing system security. 

8) Cost Effectiveness Comparisons - If the preceding steps are carried out for several 

different budgetary levels, the results can be graphed as shown in Fig. I. 

There are as many loss reduction values for each security alternative as there are separate 

postulations. If recommendations of the fora, "If you expect this, then you should do this" are 

sufficient for the person who is to use these recommendations, then the analysis need be carried 

no further,: The procedure outlined to this point provides such information. 

It may be, however, that the beneficiary of this analysis is unable to decide on such a basis. 

If so, the multiple loss reduction values for each security alternative could be combined into one 

value simply by taking an average which is weighted, say, to reflect the relative likelihood of 

each throat postulation. Even if such weightings cannot be derived, the Information developed in 

this procedurc can still be used to formulate a security posture which is reasonably efficient in 

all contingencies. 

3. EXAMPLE ANALYSIS 

Having described in some detail the methods of approach, let us now turn to • specific example 

wherein some of theme techniques were utilized. 

The petroleum-producing system considered was the BCF (Bolivar Coastal Fields) operation of 

the Creole Petroleum Corporation in Venezuela (see Fig. 2). Production from this system is approxi-

mately one-half of total BCF production and about 402 of the Venezuelan total. The physical facil-

ities operated there by Creole include over 1,000 miles of pipeline and more than 2,000 wells, and 

represent a total capital investment of somewhere between $1 and 62 billion. Creole is a U.S.-owned 

company, the parent company being Standard 011 of New Jersey. 
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The economic effects of insurgent attack were antlysed in this case from the standpoints of 

both Creole and the Venezuelan government. The latter question was of interest because the Venezuelan 

petroleum industry is responsible for almost 1/2 of all government revenue, with Creole the major 

contributor. Thus Creole losses directly affect government income and hence the state of the 

Venezuelan economy. 

Referring again to Table I, the steps accomplished in this particular analysis were: 

1) System Simulation 

2) Loss Equations 

3) Threat Postulation 

4) Loss A sssss Kent 

Due to time and resource constraints, the remaining parts of the general approach were not under-

taken. Even so, it was still possible to generate some interesting and useful results. 

3.1 SYSTEM SIMULATION 

Creole BCF operations were simulated by the schematic shown in Fig. 3. This gives the 

assumed normal average flow rates through all production elements which contribute (control the 

contribution of) at least 50 thousand barrels of oil per day (50 MBOPD) of Creole BCF production.* 

In the simulation, there are two output points, to the Creole BC? operation. These are La Salina, 

from which only crude oil is shipped (685 MDOPD average), and Away, from which both crude (100 

MBOPD average) and refined products (410 )4BOPD average) are exported. Assuming no existing produc-

tion or demand surpluses, average market demands at the BC? output points (when expressed as daily 

averages) are equal to these delivery amounts. Rather than attempting to account for day-to-day 

fluctuations in market demand, this study assumed that demand for Creole crude oil at each output 

point could be approximated by the average daily crude production rate at that point. 

The question of demand for Creole refined products was somewhat more complex. In order to 

** 
reconcile the seasonal demand (high in winter, low in spring) on fuel oil and other products with 

the economic desirability of constant production rates at the refinery, it is necessary for Creole 

to maintain approximately 20 million barrels of post-refinery (or products) storage capacity at 

The 50 MEOPD criterion was established by Creole through earlier studies of its own. It was 
accepted here because data pertaining to most elements of less capacity were unavailable. 

Fuel oil deliveries to the United States constitute some 702 of Creole's annual refined product 
sales. 
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Amway. In October of a given year. the Amuay pit storage facility is full to its 20 million barrel 

capacity. From 1 October to 1 April, products are taken from this storage to supplement normal 

refinery production and then, from 1 April to 1 October, excess refinery production (due to reduced 

products demand) is used to replace storage inventory. In the simulation model, two constant 

demand functions were used to approximate this situation, one for each six-month period. 

As was mentioned, insurgent attacks postulated against Creole :or use in the model were to be 

described in terms of resultant element(e) destroyed. When a delivery element was destroyed, the 

simulation assumed that Creole would immediately utilize some combination of two possible recovery 

measures. These were: 

1) Partial recovery of element contribution through emergency or temporary repair. at 

the element, and 

2) Partial recovery of element contribution by rerouting through alternative elements 

or by utilizing available production and storage surpluses. 

The downtime/loss characteristics of each element of the system were described by a graph such 

as that shown in Fig. 4. 

Many other assumptions were invoked in constructing the simulation model, but further detail 

is not warranted here. For a more complete listing, the reader is referred to Ref. 1. 

3.2 LOSS EQUATIONS 

In developing the equations of dollar lois, the following argument was essentially the one 

adopted. 

A gross realized revenue value can be attached to esch barrel of crude oil produced for 

delivery and aale by Creole. This value varisa with 'reds, whether or not the crude is processed 

(refined to products), current market prices, and the customer to which the oil is sold. Similarly, 

dollar value can also be attached to any quantity of Creole reserve storage oil. Essentially, this 

value is equivalent to the per-unit-quantity incremental operating cost for oil extraction and 

gathering. 

Incremental operating cost is the sum of three costs. The first two are (a) the cost of labor 

and utilities for extraction and gathering, and (b) the cost of actual equipment depreciation. The 

third and largest coat is the royalty or extraction tax which Creole must pay to the Venezuelan 

government for every barrel of crude extracted. The amount of this tax varies with grade and ranges 

from 171 to 241 of expected gross revenue realization. 

Substracting these incremental operating costs from the gross realised revenues results in • 

reasonable measure of incremental Creole gross profits. 
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The oil industry in Venezuela it subject to a tax on its gross taxable income which is paid 

in three phases: the flat Scheduler tax (2-1/22), the progressive Complementary tax (up to 452), 

and the Additional tax (502 of all oil company income after taxes which exceeds the government's 

total taxes derived from the oil company). Creole is in the top bracket of the complementary tax 

schedule, and hence the Venezuelan government receives approximately 481 (45 + 2.5) of the Creole 

gross profit. 

With respect to implied equipment repair and replacement costs, it has been current Creole 

practice to include all damage costs due to sabotage as part of normal Creole operating costs. Since 

operating costs are deductible, the Venezuelan government is, in effect, absorbing 482 of these dam-

age costs. Thus, repair cost implied by destruction of any Creole element is shared on a 522 - 482 

basis between Creole and the Venezuelan Government. 

When the particular revenue and cost data were manipulated according to this argument, the 

following loss equations resulted: 

Creole Loss . E csitisd + C
R 

,and 

• 

Government Loss 4 [ E (EDINDi  - -C-siNsj + (1-K) C. 

iitreTt4 4013/. 4 the total quantity of ith grade oil not delivered on demand, in MBO. 

N
Si 

4 the total quantity of ith grade oil destroyed in storage, in HBO. 

Creole loss of profits per HBO of ith grade oil not delivered, in $ thousand. 

Di 
. Government loss of profits per HBO of ith grade oil not delivered, in 

$ thousand. 

C
Si 

4 Creole loss of profits per MBO of ith grade oil destroyed, in $ thousand. 

4 Government loos of profits per MBO of ith grade oil destroyed, in $ thousand. 

C
R 

4 the total implied element repair and replacement cost, in $ thousand. 

4 the percentage of equipment losses borne by Creole through existing tax 

structure (K 4 .52). 

3.3 THREAT POSTULATIONS 

Six independent attack-cerise were postulated against the Creole PCP operation. 

Attack-saries number one is a recapitulation of all suczessful insurgent activity against 

Creole's BC? installations which occurred from December 1961 to December 1963. This first attack-
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series was included primarily to provide a partial test of the loss assessment .004e1 (by comparing 

available independent estimates of actual loss with that computed by the model). 

Both the successful and unsuccessful attacks of the 1961 to 1963 time period are included in 

the second postulation, but with an assumptioe of 1001 success for the latter. This series vas 

selected because it provides some insight into what might have happened, as opposed to what did 

happen. 

The third postulation represents insurgent activity which is at once intensive (considerable 

deniese inflicted in a short time) and random (little account given to economic criticality in the 

choice of Creole targets). It was included as a possible "next-step" increase in insurgent activity. 

Postulation number four is even more intensive than number three. In this case, target 

selection is no longer random--all activity occurs against just two pipeline elements of the BCE 

operation. The motiviation assumed here is dist ption of Creole operations, but without regard to 

actually maximizing economic loss. This fourth series wee intended to represent a severe escalation 

from the present level of pipeline attacks and, concomitant to this, an increase in required 

insurgent resources. 

The fiftn and sixth postulations were developed as alternative nesne to the same end; viz, 

maximum economic disruption of the Creole Petroleum Corporation and all revenues the existing Venez-

uelan government derives therefrom. The first alternative (number five) represents an exhaustive 

approach, using a carefully prepared target list, phased over 260 days. The second (number six) 

is a violent, one-shot attack, involving no local guerrilla resources, but also on which is far 

less effective in realising the overall objective. 

Table II *haws several incidents from one of the attack series. T
o

 is the time of initial 

attack. 

3.4 LOSS ASSESSMENT 

Calculation of Creole and government losses was facilitated by constructing, for each threat 

postulation. a table auch as shown in Table III. The quantities in each of the last three columns 

were than aggregated and the respective totals substituted into the loss equations. The results 

were exhibited in both tabular and graphic form. (See Table IV and Fig. 5.) 

3.5 RESULTS AND CONCLUSIONS FROM TkiE ANALYSIS 

In the main, this analysis substantiated what had already seemed intuitiv. , obvious. That 

is, elements which control Large circulations of oil to the system delivery points are generally 

elements of appreciable economic criticality. This conclusion, however, was necessarily qualified 

by the state of the remaining system at the time of element disruption. As an example, it was found 

that: 

In terms of incident frequency and coordination, although total losses are much less than in 
attack-series number three. 
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1) A single disruption of either, or both, of the Ule -Amity pipelines is not critical 

it storage inventories at Messy Are at normal levels and if La Salina le delivering 

normally. I! Anuay storage is intac: but La Salina deliveries are disrupted, than a 

single break in Ule-Amuay flow is still noncritical, but the number of successive 

breaks which can be tolerated Is considerably reduced. If no supplemental storage 

is available at Amusy, then even a single pipeline break is hyper-critical. The same 

conclusions hold generally for the Ule pump stations. 

2) The loss 000000 :sent exercises also revealed system elements which were not so obvious 

in their criticality. The most striking example of this is the 1200 MB crude inventory 

at Amusy refinery. Postulations 3 through 5, in particular, showed that the disposi-

tion of this Inventory is • most crucial factor in the system's ability to supplement 

capacity reductions in the Ule-Amuey pipeline flow. 

3) But perhaps the most startling result to come out of this analysis was recognition 

of the fact that destruction of stored inventory oil can yield increased revenue to 

the Venezuelan government. This arises because when the destroyed oil is replaced, 

the original extraction tax on it is repeated and hence the government receives more 

than it would have had the oil not been .iestroyed. This conclusion became more 

significant when considering the possible existence of come militant faction which 

seeks to damage U.S. interests, but not to discomfit the Venezuelan Government. Sur-

prisingly, the industry itself was not aware of this sit4ation until our study results 

were presented. 

4. CONCLUDING REMARKS 

Let us recapitulate the main substance of this paper. 

A meaningful criterion for assessing the criticality of individual petroleum facilities has 

been established, and most of the analytic techniques necessary for its application have been 

developed. A procedure has been formulated which uses this criterion for evaluating and choosing 

among available measures to enhance eystem security. 

The real value of thia whole procedure to the petroleum industry resta on two essential 

elements. These are: 

1) the feasibility of threat postulation within realistic bounderies 

2) the feasibility of quantifying the relationships between threat configuration, assumed 

security 'measures, and resultant system damage. 
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If these problems can be overcame, then what is sugsested here should yield satisfactory 

results for individual, as well as for country-wide cases. 
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TABLE 1 

A SYSTEMS APPROACH TO INDUSTRIAL SECURITY 

Step 1 System Simulation 

Step 2 - Loss Equations 

Step 3 Threat Postulations 

Step 4 - Loss A meat (1st Iteration) 

Step 5 - Alternative Security Measures 

Step 6 - Loss A meat (2nd Iteration) 

Step 7 Computation of Reduction of Loss of Profit 

Step 8 Cost Effectiveness Comparisons 

TABLE 2 

INCIDENTS IN AN ATTACK SERIES 

(from Threat Postulation 11) 

o + 40: Ule-Amuay pipeline 11, km 4.5, is damaged by explosives. No 

firs develop.. A section of the pipeline has to be replaced, 

requiring a temporary shut-off. 

T
o 
+ 135: Ule-Ammay pipeline 11, km 116.5, is damaged by explosives. 

No fire develop.. A section of the pipeline has to be 

replaced, requiring a temporary shut-off. 

+ 136: Ule-Aamay pipeline 12, km 216.0, is damaged by explosives. 
0 

No firs develop.. A section of the pipeline has to b. 

replaced, requiring s temporary shut-off. 

T + 200: Maracaibo Division office building is damaged by explosives. 
0 

(no critical areas involved). Damages estimated at $3,200. 

T + 310: Electric substations HISS 13, 31, 32, and 37 are partially 
0 

damaged by explosives end fire. Substation HTSS 37 is shut 

off temporarily. 

T
o 
+ 315: Caracas Division office building is machine-gunned from an 

automobile traveling on the freeway. Damages (not critical 

are estimated at $1,500. 
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TABLE 3 

LOSS ASSESSMENT TABLE 

(For Throat Postulation tl.) 
(Only Part of the Series is Shown.) 
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TABLE 4 

CUMULATIVE LOSSES FROM ATTACK-SERIES #1 

Cumulative Losses, in $ thousands
(A) 

Time Creole Venezuelan Government 

T 
0 

Y) 30 

T0  V 1 35 35 

T0 + 2 40 40 

T0  + 40 45 45 

T0  + 135 50 50 

T
o 
+ 136 55 55 

T0  + 200 60 55 

T + 310 
0 

235 230 

T V 448 
0 

260 255 

T
o 
+ 472 270 265 

T
o 
4 475 720 715 

T0  + 586 730 725 

T0  + 609 740 735 

T + 658 
0 

755 750 

T
o 
+ 732 765 760 

Notes: 

(A) Creole losses are rounded up to the nearest $5,000. 
Venzuelen losses are rounded down to the nearest $5,000. 
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This Paper is Not Releasable to Foreign Nationals 

R. Nichols Hazelwood 

Headquarters!. United States Strike Command 
MacDill Air Force Base, Florida 33608 

ABSTRACT 

(Unclassified) 

The continuing insurgency in the Democratic Republic 
of the Congo (DRC) is reviewed. Even under Belgian rule. 

the Congo had never been completely free of insurgency and 

banditry. Sporadic uprisings, rooted in tribal antipathies, 
occurred frequently, but recent outbreaks have also been 
characterized by racial hatied. intervention by outside forces. 
and overt and covert encouragement of "wars of national liber-
ation." 

The most rec,mt large rebellion began in 1964. This 

paper traces the military campaign that led to the rebel de-

feat, and discusses a number of significant problems that 

need solution by the R&D community. Since the Congo insur-

gency has some major differences from more familiar ones, 

the problems posed need to be studied carefully. 

INTRODUCTION 

Insurgency and its cure is a favorite topic for all kinds of people today, ranging from 

scientists and engineers through political pundits to United States Senators. There is a large 

war going on in Viet Nam, and it began as an insurgency. As a result, we tend to equate all 

insurgency with South Viet Nam. Yet, even in neighboring Laos. Cambodia. and Thailand things 

are quite different. 

A few case histories are part of the lore of insurgency specialists - Greece, Kenya, 

Algeria, Philippines, Malaya, and Viet Nam. However, there are nearly two dozen going on 

now, all different and all complex. Some of these are under control, in the sense that the estab-

lished government is not in imminent danger. Others are clearly just starting, have little or no 

outside support, and may or may not grow in the future. Finally, some are merely organized 

banditry, perhaps getting a modest amount of support from trouble makers and exporters of 

revolution. 
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The Joint Chiefs of Staff list three countries where the danger from insurgency is high, 

where the situation is critical to United States interests: Viet Narn, Laos, and the Congo. This 

paper deals with the last of these. First, because it's in the geographical area of the world 

assigned to C1NCSTRIKE/USCINCMEAFSA; second, because it is critical; and third, because 

it is different in many ways from the "well known" insurgencies and worth a hard look. 

INDEPENDENCE COMES 

The Democratic Republic of the Congo was the Belgian Congo. It achieved independence 

hasti:y in June of 1960. Until 1958, the Belgian Congo was supposed to be a model colony. Soon 

after General De Gaulle' a 1958 Brazzaville promise of freedom to French colonies in Africa. 

agitation for independence grew. Rioting and overt freedom" movements began in early 1959. 

The 13elgians had planned to retain control of the Congo at least until 1970, but by late 1959 they 

decided to get out and get out fast - in June 1960. 

On ir.dependence, a Congolese government was formed, with Joseph Kaaavubu as Presi-

dent. The Prime Minister of this government was Patrice Lumumba, These two men headed 

factions which held very different views of the proper form of central government. Lumurnba 

believed in a strong central government, A one party state, guided democracy, and so an, 

modeled after Ghana. Kasavubu I  a faction favored a federation of the old Congolese provinces, 

with a weak central government. 

A few days after independence. the Congolese Army (the ANC) mutinied. All Belgian 

officers were dismissed and two sergeants major of the old Force Publique were named Chief of 

Staff and Commandant. 

During the Army mutiny, rioting and instability erupted throughout the Congo. Literally. 

hundreds of thousands of natives marched on the cities, expecting the millennium to have arrived 

with freedom. The combination of a mutinous army, rioting mobs in the cities, and political 

conflict led to a rapid breakdown of order. The United Nations was asked for and agreed to help 

in restoring internal stability in the Congo. A UN peace-keeping force was sent, and technical 

agreements were negotiated between the UN and the new government. 

The conflict between the Federalists and the Centralists in the government led to unilateral 

secession of some provinces from the Congo. Moise Tshombe proclaimed an independent Katanga, 

and Albert Kalonji followed suit in Kasai Province. The UN peace-keeping force did not 
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immediately intervene in the secession of the two states. Tshombe, however, asked the 

Belgians to return and help restore order in Katanga. He set up a Katanga Gendarmerie - 

officered by white mercenaries. Katartga, maintaining its own army and having "neocolonialist" 

ties, enraged the black African countries in the UN. The Soviet bloc, the United Arab Republic, 

and the radical Africans persuaded the UN to try to restore Katanga and Kasai Provinces to the 

central government by military force. 

ANC Chief of Staff Joseph Mobutu had moved into a position of central power. He used 

the ANC to depose Lumumba and proclaim a new democratic government. He also closed the 

Soviet embassy at this time. 

Patrice Lumumba, the deposed premier, attracted a following not only in the Congo but 

throughout the radical black African states and even in the West. Lumumbal  s deposition, arrest, 

transport to Katanga, and subsequent execution created one of the great martyrs of the Congolese 

independence movement. 

Lurnurnba t  s followers withdrew to Stanley-ville and formed a new government headed by 

Antoine C;ixenga. This rump go, -ment asked for and received diplomatic recognition from a 

number of the black African countries. However, it was unable to control the large northeastern 

part of the Congo and eventually fell apart. The legitimate Congolese government in Leopold-

ville, with Cyrille Adoula as Prime Minister, managed to retain a weak hold on the country. 

The UN campaign to overthrow Tshombe in Katanga was difficult. The gendarmerie and 

mercenaries gave the UN force some very hard fights. During one of the cease-fires, the 

Secretary General of the UN, Dag Hamrnarskjold. was killed in an airplane crash while attempt-

ing to fly into Katanga to negotiate with Tshombe. 

In 1962 and 63, the Katanga secession movement petered out and Tshombe left the country 

for exile. In early 1963, the weak central government of the Congo was in nominal control. The 

Katanga secession movement had been crushed, its leaders in exile or imprisoned. The 

Stanleyville group, with a tenuous claim on legitimacy, had collapsed and its leaders were in 

exile. With leaders and movements in exile, not a day went by but that some coup, counter coup, 

rebellion, or grand re-entry to the country was rumored. 

The bitterness in the UN over the entire Congo peace-keeping effort has continued to this 

day. The Soviet Union and France have never paid their ments for the costs. The 
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continuing maintenance of some 20, 000 troops in the Congo, plus the large economic and 

technical assistance programs, were ba.nkrupting the UN. A decision was made for an order-

ly withdrawal of UN military forces by 30 June 1964. This, of course, became a signal for 

all the plotters to reintensify their efforts in anticipation. By the time the UN forces had 

withdrawn, rebellion flared anew in several parts of the Congo. 

REBELLION BEGINS 

In late 1963 and early 1964, Pierre Mulele returned to the 'Congo from the Congo Republic 

in Braseaville. Mulele was another dissident plotter who had gone into voluntary exile. He 

made a few trips to Moscow and Peiping, and picked up the usual books on guerrilla warfare. 

Mulele gathered around him the dissident young tribesmen in Kwilu Province. These "jeunesse" 

were mostly adolescent boys aged 12 to 20. The jeunesse, aormed at first with crude weapons, 

began a reign of terror. Kwilu rapidly fell to the jeunesse. 

The eastern region of the Congo along Lake Tanganyika has always been the scene of 

tribal warfare. Tribes in this area hate all authority, no matter who tries to exercise it. 

Gbenye and Sournialot, two of Lurnumba's followers, exploited th.ese tribal hatreds and started 

a, rebellion against the Congolese government in the Albertville region. The pattern was much 

the same as in Kwilu. The rebels approached a town, the ANC went out to meet them, fired 

several voile into the woods, and ran away. The rebels took ovir the town, set up a 

revolutionary government, and began executing intellectuals. An intellectual in this part of 

the Congo was anyone who had completed the sixth grade. 

In the spring of 1964 still another tribal rebellion broke out in Kivu Province. This 

ranged along the Congo-Burundi border from Uvira north almost to Bukavu, the capital of 

Kivu. Fortunately, the Kivu rebellion bumped into a solid Congolese Army unit, led by Lt. 

Colonel Leonard Mulamba. He rallied the ANC and defeated the rebel attack against Bukavu. 

Because there were richer pickings elsewhere, the rebels broke off their attack on Bukavu 

and moved west and south. 

The early phase of the Congo rebellion was probably not a "nationalist uprising" or any 



externally directed struggle against the government. It was a tribal rebellion that drew its 

strength from the disappointed and discontented followers of Patrice Lumurnba. NeVerthelese, 

by the time the UN withdrew, the apparatus of a so-called "people's uprising" was put together. 

Gaston Soumialot had set up shop in Burundi. He arranged outside support for the rebel move-

ment in the eastern Congo. There is ample evidence of financial support by the Chicorns and the 

UAR in these early stages. Soumialot moved to Albertville when that city was taken. A crude 

campaign of terror, formation of people s cooperatives, and all the buzz words of Marxism 

gave the rebellion the appearance of a socialist revolution. These trappings, however, followed 

rather than led the initial rebellion. 

GEOGRAPHY AND ENVIRONMENT 

Map 1 shows the geographic and transportation features of the Congo. Most of the country 

is tropical rain forest. In the south, rain forest gives way to a savannah and to highlands in the 

Katanga region. The northeastern region is high prarie, a few thousand feet above sea level. 

Along Lake Tanganyika, the terrain is rugged and mountainous, ranging from 5,000 to 

10,000 feet. 

The Katanga region is enormously rich in mineral resources, particularly copper and 

uranium. Kasai Province is one of the world' 8 largest producers of industrial diamonds. Gold 

and silver mines are scattered through the south and the northeast. Mineral and agricultural 

exports provide a large source of foreign exchange. 

The major cities grew up as transportation hubs or near mineral wealth. Transportation 

in the Congo depends on a combination of rivers, railroads, and highways. The Congo River is 

navigable from Leopoldville to Stanieyville. A rail line connects the port of Matadi with Leopold-

ville, At Stanleyville, Stanley Falls block navigation, and there is a rail by-pass for approxi-

mately 50 miles to Ponthierville. South of here the river is known as the Lualaba River, and is 

navigable to Kindu in Maniema Province. The major transportation south of Kindu is rail. 

Albertville, on Lake Tanganyika, presents an opening to East Africa. Kigorna, in Tanzania, is 

at one end of a railroad line that runs across Tanzania to Dar es Salaam. 

A railroad runs from the Katanga mining region through Elizabethville and up to Kamina. 

From Karnina one branch of the railroad runs north and slightly east to Kindu, with a spur going 

over to Albertville. Another branch from Kamina runs on up through Kasai Province and the 
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diamond mines. Another rail line runs from Elizabethville west through Angola to the Atlantic. 

This is the world' • last remaining wood burning railroad. It is slow, but it hauls out Katangan 

copper. 

These cities control the routes of transportation - road, rail, or air - and are the key 

to control of the Congo. This, of course, ls why the fall of Albertville era• so important. A 

r drive west from Albertville could seize the railroad running from Karnina to Kindu and cut 

off Katanga from the rest of the Congo. 

GROWTH OF THE REBELLION 

To review the military situation at the time the UN withdrew, Map 2 shows the Mulele 

revolution in Kwilu Province and the two separate  of rebel activity in the Eastern Congo. 

At this time the rebels in the Eastern Congo had built up a governmental structure and settled 

down to an occupation. 

Rebel military tactics depended on drugs, witchcraft, and a poor opponent. There 

ample evidence that the rebels entered battle under the influence of a brew of boiled hemp leaves 

and corn alcohol. The narcotic and alcohol produced an ecstacy and frenzy in the rebels without 

degrading their physical capabilities. In addition, the rebels' witchcraft and charms inspired 

them. They firmly believed that bullets from the white man' s weapons would not harm them - 

would in fact turn to water. In this they were aided by the inability of the Congolese Army to 

maintain fire discipline and to aim at targets. Generally, the ANC fired wildly into the air over 

the heads of the rebels before sunning away. The combination of witchcraft and drugs, along with 

tribal atavism and a lust for killing, made the Sirnba a formidable opponent for the Congolese 

Army. 

In July 1964 roving bands of rebels ranged through large areas of the ea•t, reaching as 

far west as )(amine and Lulttabourg (Map 3). While these bands roamed the countryside, they 

made no attempt to occupy towns or consolilate their gains. Occasionally they ran into small 

units of the ANC that did not run, and then the Simbas did, The two pockets of rebellion in the 

Eastern Congo linked up and moved westward. In the space of about five weeks, the rebels had 

widened their activities to the area shown on the map. 

In Leopoldville Premier Adoula's government began to panic. Widespread rebel activity 

and the failure of the ANC to check the rebels 1.,d to Adoula's dismissal and the return of Moist 
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Tshombe from exile. He sought US and Belgian help in stamping out the rebellion. The US 

Military Mission to the Congo, working along with Belgian advisors to the ANC, began to bring 

in material and supplies needed for restoration of law and order in the rebel held . The 

failure of the ANC to withstand rebel attacks led Premier Tshombi, to contact Michael Hoare, a 

South African who had Nerved in the KAti,riga Gendarmerie. Hoare was commissioned a Major 

and empowered to raise a band of mercenaries. Ads soon appeared in South African newspapers, 

offering "good pay to any fit young man looking for employment with a difference." 

Stanleyville fell to the rebels in early August. This shocked the Congolese government 

and the free world. Stanleyville was garrisoned with • large force of supposedly well trained 

ANC and police. The rebel advance caused panic in the ANC. Some deserted to the rebel cause; 

others ran for their lives. 

By now Leopoldville was in an uproar. Rumors of surrender or coups were widespread. 

If there was to be any hope of stopping the Simbas, redeployment of existing Congolese forces 

and the mercenary bands would be needed. The logistics situation was frightful. An appeal to 

the United States led to the procurement of several hundred trucks for surface transport. 

Further, our Military Mission and the ti...ted States Ambassador asked for transport aircraft 

to help the ANC. 

CINCSTRIKENSCINCMEAFSA assembled a small Joint Task Force headquarters called 

SIT Leo. This twelve man command-control group, in turn, was assigned a force of four C-130 

aircraft, crews, and maintenance support. A rifle platoon from the 82nd Airborne Division was 

also assigned to provide local security at N' dial Airport and to "ride shotgun." (The rifle 

platoon from the 82nd Airborne was later relieved by a platoon Lam the 2nd Infantry Division. I 

The arrival of STY Leo had a spectacular effect in Leopoldville. The C-1304 arrived and 

the paratroopers unloaded along with the airmen and their gear. This stopped all the rumors of 

Impending doom in the city. The overnight change was nearly unbelievable. U any single event 

ever confirmed the validity of the "show of force" concept, it was the arrival of JTF Leo in the 

Congo. 

Hoare's mercenaries began to arrive in the Congo on 23 August 1964. It became 

apparent that tactical air support would be required by the ANC and mercenaries. Accordingly, 

T-28s and B-26, were provided by the US. Pilots and maintenance personnel were hired by the 



Congolese government. The pilots turned out to be Cuban refugees who had participated in the 

Bay of Pigs action. 

While Hoare was organizing hir mercenaries into the 5th Commando, the rebels were 

busy in Stanlerrille looking for new worlds to conquer. Their attention again turned to Bukavu. 

An attack was mounted - thi• time better planned and better armed than the previous attempt. 

While a few US and Belgian observers got into Bukavu, the defense again depended on ANC 

Colonel Leonard Mulambs. 

By the time of the second Bukavu campaign, the rebellion in North Katanga had petered 

out. The tribal dissidents began to lose interest, and the occupation forces drifted out of 

Albertville. The ANC and Katanga Gendarmerie quickly re-entered the city. This provided a 

base for air operations and made some air support available for the defznee of Bukavu. Air-

craft operating from Albertville had to fly out approximately 250 kilometers to cover Bukavu. 

The importance of good combat radius in a counterinsurgency airplane becomes apparent here, 

The rebel attack on Bukavu mucceeded in taking about one-third of the city. At this point 

the Congolese checked the advance and hurled the rebels back. The rebels, retreating rapidly 

from the city, returned to Stanleyville with sto7ies of ten thousand American soldiers and 

thousands of American airplanes attacking them. Despite the failure in Bukavu, rebel activity 

spread through the Northeast Congo all the way to the border, and a rebel spearhead moved 

down the Congo River toward Coquilhatville. 

Map 4 shows what was really the high water mark of the rebel campaign on 11 September 

1964. While gaining a large amount of territory, and, in fact, controlling about one-third of the 

Congo, the rebels had been driven out of or had abandoned the southeastern section entirely. 

Hoare dispatched 40 mercenaries to reinforce the garrison at Coquilhatville. The first 

mercenary action at Lisala was brutal - the Simbas believed in their magic against white man's 

bullets. Twelve mercenaries armed only with light automatic weapons attacked 400 rebels dug 

In with heavy machine gun. and recoilless rifles. Before the fight was over at least 160 rebels 

were dead, and the rest headed for the bush. One mercenary received a superficial wound. 

From this time on, the rebels were on the defensive. The Lisala fight was the turning point, 
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COUNTERATTACK 

The pattern established at Lisala continued throughout the next several months. Small 

detachments of mercenaries - ten, twenty, or thirty - would spearhead the attack, followed up 

by perhaps a company size unit of the ANC. The mercenaries fought well, but cautiously. They 

refused to attack unless they had air cover, so the campalgn had to be built around the combat 

radius of the T-28 and available airfields'. Although the river and rail network in the Congo is the 

major line of communication, airfields turned out to be the strategic prizes. 

Hoare' s mercenaries and the ANC moved to Lisala and Boende from Coquilhatville, then to 

litela and Sumba. A force was also moved to Bukavu. The main counterattack proceeded along 

the railroad from Kamina to Kongolo, and eventually to Kindu. 

As this military campaign began. Stanleyville became the focus of world attention. The 

rebels had seized about two thousand non-Congolese in the Northeastern Congo. These included 

missionaries, settlers, business men, and diplomatic personnel. Some 1600 were held around 

Stanleyville. From the day Stanleyville was occupied, the rebels threatened these hostages with a 

variety of atrocities. Rescue operations were contemplated, and sorne planning began as early as 

mid-August to retrieve the captured personnel. As rebel fortunes declined, the threat of a massa-

cre increased. Negotiations were tried through the Red Cross, the United Nations, and some of 

the black African states. None succeeded. 

When Hoare began rolling, tensions increased further. Time and again, as the mercenaries 

neared a town, the rebels executed whatever hi:stages they held. These executions were of the 

most brutal kind. People were hacked apart and disemboweled while still alive, burned, stran-

gled, or shot. Recogrizing that the hostages might be killed before StanleyvIlle could be secured, 

the United States and Belgian governments worked out a plan for rescue of the hostages in Stanley-

ville, 

A force of 545 Belgian paratroops was airlifted by US C-130 aircraft to Ascension Island in 

the Atlantic. Frorn there, on order the force would be airlifted to Kamina Air Base and staged 

from there for parachute assault on Stanleyville. The force closed Ascension Island on 18 Novem-

ber 1964. 

To try and save the hostages known to be held in Kindu, Hoare made certain his attack pro-

ceeded with surprise a.'d great speed. As a result, he was able to rescue all 125 non-Congolese 
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hostages in Kindu. He then began to prepare for the move north to Stanleyville. There never was 

any question that 200 mercenaries, backed up by 400 ANC and supported by T-28s. B-26e. and 

T-66, would be able to take Stanleyville. The only question was whether the hostages would sur-

vive until Hoare could reach the city. Hoare had to regroup and await resupply at Kindu, about 

ZOO miles from Stanleyville. Once he moved out, the risk to the hostages in Stanleyville mounted 

so rapidly that the paratroops were deployed (rain Ascension Island to Kamina on 21 November. 

The Belgian paratroop force arrived in the early morning of 22 November 1964. The C-130 

aircraft used to deploy these forces were augmented at Kamina by the four C-130s normally 

assigned to JTF Leo. Even though the paratroopers had been moved to Kamina, the Dragon 

0perat1/2:. nad not yet been given a go by all parties concerned. 

On the night of 23-24 November 1964, the order was given to execute Operation Dragon 

Rouge. This was to be a parachute assault on the Stanleyville airport. At approximately first 

light, five C-130 airc(aft dropped a total of 320 Belgian paratroopers. Within thirty minutes the 

assault force had secured the airport and cleared the runways of obstacles placed there by the 

Sirnbaii. Additional C-130s then landed with 225 more troopers end vehicles and supplies. As 

7he force was assembling to move into town, a telephone call was received at the control tower, 

reporting that the hostages had been taken to the square in downtown Stanleyville and were to be 

executed. The Belgians move-4  out at once, and succeeded in fighting their way to downtown 

Stanleyville. When the rescue force was approximxtely one block away, the Simba• opened fire on 

the assembled hostages. The victims scattered into the surrounding houses and yards. As the 

Belgians came near, the Simbas broke off to escape. However, they had killed 21 of the hostages 

and others were seriously wounded. The Belgians evacuated the wounded and the surviving hos-

tages to the C-130s, and recovered the bodies of those who had been murdered. 

Hostages were flown out to Leopoldville that same day. There the international community 

provided shelter and medical care. By 25 November, 919 refugees of many nationalities had been 

evacuated from Stanleyville, and 21 bodies had been removed. 

By the end of 25 November, Hoare' s column, advancing from the south, had entered Stanley-

ville and linked up with the paratroopers. Reports reaching Leopoldville indicated that a large 

number of hostages were held in Paulis, scene 250 miles northeast of Stanleprille. The Belgian 

and United States Governments decided on a second rescue operation, called Dragon Noir. The 
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C-1308 that had returned to Leopoldville were flown back to Stanleyville the night of 25 November 

and loaded for the assault. On the morning of 26 November, 256 Belgian paratroopers were 

dropped on the Pauli' airfield, beginning at first light. Troops secured the airfield, and addition-

al C-130s landed with equipment and personnel. In Pau.lis, the Belgians found it necessary to send 

wide-ranging patrols up to 25 miles outside the city limits to rescue many small groups of hostages 

that had been dispersed through the countryside by the Simbas. A total of 376 refugees were evac-

uated from Pauli.. The Belgians held Paulis until 27 November. At that time, all possible hos-

tages having been rescued, they conducted a tactical withdrawal under fire. The Sirnbas attacked 

the airfield, and the last C-130s taking off required air cover from the B-26s of the Congolese Air 

Force. A number of hits were taken by the C-130s. although no major damage was incurred. 

Additional rescue operations were considered, but not conducted. World opinion and outcry 

reached a high pitch after the first two rescues. A political decision was made to terminate the 

Dragon Operation. The Belgian Parachute Battalion was redeployed to Kamina Airbase on the 

27th, and departed on November 29th for Ascension Island, returning to Brussels on December 1, 

1964. The Belgians suffered two KIA (one each at Stanleyville and Pauli') and two WIA. 

JTF Leo retained six aircraft to assist in resupply and rehabilitation in Stanleyville and to 

help evacuate additional hostages freed by Hoare and the ANC. Despite all the hullabaloo of world 

opinion, and to some extent opinion in the United States, we should remember that 1295 persons - 

who most surely would have been murdered - were saved in the Dragon Operations. Over 2000 

were ultimately rescued. 

Map 5 shows the situation on 18 November, just before the Dragon Operation. Hoare' $ 

column is driving north from Kindu to Stanleyville, and another colurnn is driving east from Lisala 

and Burnba. Finally, a small force is moving north along the Uganda border. After seising 

Stanleyville. Hoare' a mercenaries were withdrawn and the city was garrisoned by the ANC plus 

some )(slang& Gendarmerie. Hoare needed time to regroup his fortes. 

CLEARING THE NORTHEAST 

The next step was clearing the northeast border. The Congolese rebels were receiving 

significant quantities of weapons and supplies from the UAR, Algeria, Ghana, and perhaps the 

Soviet Union and certainly the Chicorns. Soviet-made aircraft were observed transiting Khartoum 
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on their way to the Southern Sudan. Equipment unloaded here was then convoyed by road across 

the Congo border, 

The government of Uganda gave the rebels complete support. Uganda was both a safe haven 

and a source of supply. Furthermore, Uganda put heavy pressure on Rwanda to atop assisting the 

legal government of the Congo. Rwandan activities were significant, particularly in the defense of 

Bukavu. The Bukavu airport is in fact located across the border in Rwanda, and this is where the 

C-130s supplying Bukavu landed. 

Most Chicom assistance came through Tanzania and Burundi. The Chicorn embassy in 

Bujumbura became a major source of funds. The main supply route led through Tanzania via 

railroad to Kigoma on Lake Tanganyika, and then by boat across the lake to a rebel stronghold 

near Fist. 

While Hoare was regrouping, another mercenary force, the 6th Commando - made up 

mostly of "French speaKing" (as opposed to "English speaking") mercenaries, was sent to Stanley-

vine. The 6th Commando undertook a road march from Stanleyville to Pauli*. Paulis had been 

temporarily seized in the Dragon Noir Operation, but had been abandoned before the ANC could 

get there. The convoy was ambushed regularly and effectively by the rebel forces all the way to 

Paulis. For the first time, we began to see signs of improved military know-how on the part of 

the rebels. The ambushes along the road were well planned, well supported, and q..•i'e often in-

volved elaborate pits - or elephant traps - dug in the road to stop the vehicles. 

Eventually the 6th Commando managed to get through to PauBs, but with fairly heavy 

losses. Even In May 1966, the Starsleyvillc-Paulis toad was not open for travel. 

Hoare' s Northeastern Campaign, mounted in the spring of 1965, looked at the outset to be a 

long, bloody fight. It turned out to be a triumphal march through the countryside. Hoare moved 

with incredible speed for some SOO miles from the Bukavu and Gcrma area up the Uganda border to 

Lake Albert. Since it was thought that the rebels would strongly resist in the Bunia area, Hoare 

obtained some boats and sent a part of his force along Lake Albert to the rear of the rebels. This 

amphibious assault, covered by air, in conjunction with a frontal attack, broke the back of the 

; -7) 

rebel resistance in the Bunia area. Hundreds of rebels fled across the Uganda, Sudan, and 

Central African Republic borders. For practical purposes , the rebellion was broken in the 

i • northeast in the space of a few weeks. 
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Again, the tactic• were the same. A detachment of Hoare's mercenaries led off, followed 

by ANC troops. The mercenaries did the bulk of the fighting, with the ANC providing rear area 

security, follow up, and occupation forces. To protect his lines of supply, Hoare - now promoted 

to Lieutenant Colonel - garrisoned the little towns with 20 or 30 ANC and I or 2 mercenaries. 

In a sense this wan, by modern military standards, a crude campaign. World War II 

vintage airplanes, boats propelled by outboard motors, and armored cars were the main items of 

military equipment. Nevertheless, this was successful in the Congo - so successful, in fact, that 

armored cars and air cover became an essential ingredient of any mercenary campaign. The ANC 

seems to concur in this view, since they are pressing hard now to build their forces around this 

concept. 

REHABILITATION 

As a long term solution to the internal security problem, the ANC had to be rebuilt from 

scratch. This was recognized by all concerned, including the Congolese Government. A training 

camp was set up at Kitona (near Matadi), with the objective of turning out well trained battalions 

of the ANC. This training camp was to be run by Belgians. A tripartite logistics group was es-

tablished to coordinate US. Belgian, and Congolese efforts. There are only a handful of compe-

tent Congolese officers of field grade, and the company grade officers are generally poor. Our 

hope is that the Kitona training will develop good NCOs and junior officers. 

In September of 1965, the rebellion in the northeast had been crushed. Roving gangs of ban-

dits still operate in some parts of the countryside. They have, however little or no popular sup-

port and really represent a return to tribal warfare. The Kwilu rebellion was dying of its own 

accord, and the only significant area of rebel activity remainel in the Fizi-Baraka area. This, 

you will recall, is where the whole thing started. The tribal revolt there has roots going back 

many generations. It promised to be a tough nut to crack. 

Externally, the African states gave up on the rebels. The Sudan cut off external support 

for the Congolese rebels. Sudanese dissidents were ambushing many of the convoys to obtain their 

own military supplies. Furthermore, Hoare's mercenaries followed the Sirnbas in hot pursuit 

across the border to knock off the rebel camps. This led the Sudanese to relocate the rebels 

from the immediate border area. 

Uganda has also had second thoughts about support of the rebel movement, and has at least 
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closed the border to overt support. The King of Burundi took control of the government and 

threw out the Chicams. The major external problem for the Congo in the fall of 1965 was Tanzania. 

The Tanzanit supply route led to a nice little naval problem. Supplies unloaded at Kigorna 

were transshipped to Fizi by boat across Lake Tanganyika. The Congolese have a small, fresh 

water navy to patrol this part of
,
the border. We, in fact, provided them with some boats 

through the Military Assistance Program to do just this. Several hot little naval engtgements 

have been fought by boats armed with .50 caliber machine guns, mortars, and 75 mm recoilless 

rifles. B-261 and T-28s, based in Albertville, have been used for surveillance and interdiction 

of the sea routes with some success. 

Internally, the Congo is recovering from the revolution. The economy, which should have 

been wrecked by five years of disorder, has shown remarkable resiliency. The execution of the 

so-called intellectuals by the rebels wiped out most of the infrastructure in at least one-third of 

the country, but things are going much better than anyone had expected. Foreign aid and technical 

assistance, not only by the US and the UN but by other powers, particularly the Belgians, will be 

needed to help restore the economy and administration of the Congo. 

In the spring of 1965, after the successful campaign in the northeast, the transportation 

routes began to reopen. The last rebel pockets were eliminated along the Congo River, and barge 

traffic could be resumed, The need for air transport was diminishing. Air Congo and the 

Congolese Air Force had the capacity to handle the little air cargo that was needs'. 

We decided that JTF Leo should be terminated. A gradual phase down, starting in early 

1965, brought the number of C-130s to four, then three, then two. By June it was clear that JTF 

Leo could be withdrawn without hurting the military situation. Bulk cargo that had to be moved 

by air could be handled by Congolese resources. To provide for movement of masks cargo in 

emergencies, we arranged to assign a C-123 to the U. S. Military Mission in the Congo. When 

this aircraft arrived, ITT Leo returned be. 

During its tete year in the Congo, ITT L.eo moved 10,1199 tons of equipment andknOlios. 

and carried 14, 644 massagers. This was done with an average of three C-130e and about 125 

personnel, JTT Leo demonstrated that a well planned and executed operation of great military 

and political significassce can be run econter.irally with a small force. 
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FIGHTING IN THE EAST 

During the months between the Northeast Campaign and October 1965, Hoare had to corn-

pletely rebuild his mercenary force. Although he rarely had more than 600 mercenaries in the 

country at any one time, a total of about 2000 served in the Congo. The mercenaries were a 

pretty scurvy lot by all accounts. Nevertheless, they fought well. Of the 2000, approximately 

100 were killed in action and perhaps three to four times that many were wounded. Considering 

that the "mercs" were doing this for money and not for glory, they exposed themselves to a 

fairly high risk. 

The continuing infiltration from Tanzania resulted in an improvement in rebel weapons and 

training. 1-28s operating in the area began to receive ground fire from automatic weapons. 

They never encountered this in the earlier stages of the campaign. At least one Cuban advisor 

was killed and his body recovered by the ANC. Papers found on him indicated that some number 

between 10 and 50 Cuban guerrilla experts entered the Eastern Congo. 

Hoare' s campaign plan to clean out Fizi-Baraka was fairly simple (Map 6), but again made 

use of his limited resources effectively. One column was sent north from Albertv.Ile as a block-

ing force. Meanwhile ANC forces based in Albertville were used to clear the eastern shore of 

Lake Tanganyika. Hcare put about 200 of his men in boats, proceeded north on Lake Tanganyika, 

and landed to the rear of Baraka. He then advanced on Bara?-x, seized the town after a hard 

fight, and moved on through the town. He ran into strong opposition in the mountains leading to 

Fizi and halted. 

The rebels used mortars and recoilless rifles in Baraka. More important, the rebels for 

the first time showed excellent fire discipline. All this was continued evidence of the role of the 

Cuban advisors. When Hoare moved an additional 200 men from the blocking force back to 

Albertville and up 1.4i:te Tanganyika by boat, the landing ran into severe opposition. The rebels 

set up a beachhead defense with mortars and recoilless rifles. The boats had to stand off shore 

for the day before they could land. Air strikes finally reduced the rebel defenses. After re-

deploying, Hoare marched on Fizi with his reinforced unit of approximately 350 mercenaries 

and a following force of 150 ANC. The rebels fled to the woods and hills, and Fizi fell. 
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POLITICS AS USUAL 

With Hoare' s success at cleaning up the Fizi-Baraka area, the spotlight shifted from mili-

tary operations to political machinations in Leopoldville. President Ka•avubu got into a political 

hassle with Premiere Tshombe. After several maneuvers, Kaiiiivubu declared that Tshombe was 

out of cake until a new parliament could elezt a premiere. During Hoare's campaign in the Fizi-

Barak& area, elections had taken place in the other provirces of the Congo. In late November of 

1965, while the turmoil of politics in Leopoldville reachPU its peak, General Mobutu, the Com-

mander in Chief of the ANC, seized power and declared himself President of tne country. He 

appointed Colonel Mularnba, the hero of the Bukavu defense, as Prime Minister. Ex-President 

K.asavubu was promised a senator'. seat for life, but stripped of his presicjential office. 

President Mobutu and Prime Minister Mulamba put together a new coalition government and an-

nounced that they intended to run the country for five years before holding elections. Mobutu 

started a campaign of honesty in government and directed that everyone roll up his sleeves and 

get to work. One result of this is that it is now fashionable to wear rolled sleeves in Leopold-

ville. 

With cessation of major rebel activities in sight, Mobutu and Hoare began to have dis-

agreements on the proper role og the mercenaries. As a result, Hoare and hie "English speak-

ing" mercenaries left the Congo when their contracts expired. With Hoare gone, the operations 

in the Lake Tanganyika aret became the responsibility of Op. Sud, the ANC Command in 

Albertville, Some of Hoare' mercenaries are still fighting in this region, and there are nnmer-

oua small actions taking place throughout the rugged mountain terrain. 

The infiltration route across Lake Tanganyika has been closed oft by the efforts of the lake 

force. Attempts by Op. Sud to clear the western shore of Lake Tanganyika have not been entirely 

successful. Nevertheless, rebel control in the area is diminishing steadily. The Ubwari 

Peninsula, located to the south of Flu, is a rebel stronghold. Periodically Op. Sud sends units 

through the peninsula to sweep out rebels. Again, the rugged terrain makes it impossible to 

clear and hold this area indefinitely. Rebel activities in the Lake Tanganyika region are 

-diminishing, although there are an estimated 6010 well armed but poorly organized Sirnbas in 

this area. The remaining activities have shifted north to the Rusizi Plain, lying on the Burundi 

border. 
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In the Northeast another mercenary force, this time made up of "Spanish speaking" merce-

naries, has been employed. The rebels, by now reduced almost to banditry, a:e being pursued 

and systematically broken up. From time to time forces of several hundred to a thousand rebels 

have offered to surrender. They are being resettled and rehabilitated by the central government. 

The countryside around Stanleyville still contains some rebel band.. The key rail link be-

tween Stanleyville and Ponthierville to the south was opened only in early May of 1966, when the 

ANC and mercenaries retook the area around Ponthierville. The 6th Commando, fighting to the 

northeast of Stanleyville, has reopened the road from Stanleyville to Bafwasende and Nia Nia. 

Mopping up actions will probably continue here for several months, if not years. 

CONCLUSIONS 

This tale of the insurgency and its suppression in the Democratic Republic of the Congo 

leads to several conclusions. In fighting a war against rebels who control a large portion of the 

country - and particularly in the case of the Congo where they mid controlled it for only a brief 

period - stabilization of the military situation is essential. 

The Congolese needed military help desperately in 1964. The U. S. Military Mission to 

the Congo, COMISH, had the difficult job that always seems to go with helping a country toward 

stability. Basic needs for equipment, supplies, and training have to be identified. Host govern-

 

ments are sensitive, sometimes not very capable, Lack money, and have insatiable appetites for 

preetige hardware. With a modest staff - less than 50 - and a limited budget, COMISH did a 

wonderful job of helping the ANC to help itself. As the Congolese Army is retrained and 

equipped, COMISH continues to show haw the U. S. can achieve its goals effectively and econom-

ically. 

Airpower played an absolutely vital role in the Congo. JTF Leo gave the ANC and the 

government of the Congo the ability to redeploy forccs rapidly and to resupply them without 

reference to surface communications. As noted above, JTF Leo moved 10,899 tons of supplies 

and 26,664 persons with three C-130s in one year. This strategic mobility contributed to the 

rapid defeat of the rebels once the tide had been turned. The tremendous tactical success of a 

rather small number of antiquated air,•:raft, the T-60, T-28., and B-26s, was startling. Here 

again a email number of these aircraft, introduced early enough, played a major role in sup-

pressing the insurgency. 
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Native troops in many emerging countries do not have competent leadership. For years 

the colonial powers refused to train native senior military personnel. A very few Congolese 

officers of outstanding ability have developed into competent leaders. The majority, however, 

are unfit for their jobs. You cannot train colonels and generals overnight. This moans that 

leaders have to be provided. Whether mercenaries is the nice Way of doing it is beside the 

point. They were available in this case, and the decision was made by Premier Tshorribc In 

fact, the U. S. Government opposed this. History probably will show that Tshombe was a 

realist, that mercenaries were the only solution at the time. 

Although the rebel campaign moved rapidly in July and August of 1964, they were beaten 

by the superior strategic and tactical mobility of the ANC and mercenaries. This was truly a 

war in which mobility outmaneuvered firepower. The rebels were better armed, but proved to 

be less mobile than the mercenaries. A lot of caution should be taken betore generalising this 

experience. The Congo situation was peculiar, with the rebels believing in magic and lacking 

much fire discipline. In some cases air •trike• simply terrorized the rebels, causing large 

concentrations to vanish into the woods. 

An interesting problem for all of us to ponder is political re•trIctions on weapons. Our 

State Department refused to allow export of bombs or napalm to the Congolese Air Force. The 

T-213s and B-26s were limited solely to machine guns and 2. 75 inch rockets for armament. So 

here is a situation where there are not only constraints on the types of aircraft employed - 

because jet• were never allowed in the Congo - but also on the ordnance that could be used by 

these aircraft. These political limitations on weapons will probably be present, and in fact may 

be desirable, in many future insurgencies. Thus, the R&D community needs to take such possi-

bilities into account when planning and developing equipment. 

Several other interesting problems emerged in these campaigns. Wheeled armored vehi-

cles were extraordinarily useful in the Congo. This was a war of movement, and, although 

strategic movement depended on the existence of airfields, tactical movement was on the surface. 

In the jungle environment of most of the Congo, with poor roads - but nevertheless roads - the 

armored car proved its worth. There is a growing feeling that armored cars, as opposed to 

tanks, may be extremely valuable for handling stability type operations. 

The air war forces a look at requirements for counterinsurgency aircraft. Ouite often air 
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cover had to be flown from bases 200 miles away. No Jet aircraft were allowed in country. As 

noted, the aircraft could carry machine guns and rockets, and nothing else. Furthermore, there 

were requirement• for cargo hauling and reconnaissance. 

Just speculating idly on aircraft characteristics, 1 wonder how the AC-47 ("Puff the Magic 

Dragon") would have done against the Simbas. Certainly It has the range and time on station, and 

it has machine guns. The effect of 12,000 rounds per minute on the primitive Congolese rebel 

mind might have led him to quit then and there. If not, the killing power would have finished 

things quickly. The DC-3 is also useful for cargo hauling, and has been adapted for recce opera-

tions. It might be ironic if the old "Gooney Bird" turned out to be the prototype of a modern 

counterinsurgency aircraft. After all, counterinsurgency aircraft are not expected to stay and 

fight for air superiority. They are assumed to operate in a condition where there is no air 

opposition. 

Next, the problem of opening up the river from Leopoldville to Stanleyville raises again the 

question of riverine warfare. Nobody has done much more than talk about it, draft up a few 

manuals, and perhaps speculate on what might be done in the Mekong delta. In the Congo the 

problem is vital. One barge • month from Leopoldville to Stanleyville can haul more cargo than 

three C-1300 working at maximum effort for the same month. Furthermore, a barge can haul 

things that are inconvenient or impossible for the C-130, How do we patrol a river? What 

tactics do we use? How do we screen and defend a barte convoy? What clearing activities are 

needed? 

The ambushes of the 6th Commando during the move from Stanlerrille to PauHs raise again 

the old question of how to detect and counter ambashes. At one point someone speculated about a 

drone vehicle that could run ahead of the convoy on the road. Unfortunately, at the desired 30 

miles per hour convoy speed, the drone gets to be a pretty difficult technical feat. Someone 

suggested infrared detectors from aircraft. But of course this would require 'hat there be no 

jungle cover over the roads. Sound military tactics - the use of scouts and flank security forces 

seem to be overlooked in all this. The mercenaries used reconnaissance by fire effectively. 

Maybe the measure of effectiveness for ambush detection devices is to cornpart 'hem to the per-

formance of well trained patrols using sound tactics. 

Finally, the border surveillance and control problem reappears here. In this case it has a 
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different twist. It involves infiltration by water across Lake Tsnganyika. This ought to be grist 

for the mill of an operations researcher who knows something about search theory. Ouestions of 

what kinds of boats and what kinds of sensors can be answered after we understand the basic 

problem of border control on the lakes. 

This paper attempted a brief review of the insurgency in the Democratic Republic of the 

Congo. The insurgency the Congo I. not over, 'and it probably won't be over for 20 years 

perhaps not even 100 years. It has been suppressed, however, and most of the country is back to 

whatever passes for normalcy in that part of the world. If we want to talk about complete victory 

- having A country with economic standards of, say, the less advanced countries of Western 

Europe, a democratic form of government, a reasonably good fighting force - then we should 

not consider :he Congo a victory. Far from it - we haven't begun to scratch the surface. But 

In June of 1964 the Congo was coming apart at the seams. When the UN pulled out, most of the 

country was in a nervous state - if not panic - and in two months one-third of the country was 

under rebel control. Prompt action by the US Government, the Government of Belgium, and by 

the Congolese Government itself restored a measure of stability to an otherwise desperate situ-

ation. As things go in primative Africa, this may be what passes for a successful counter-

insurgency effort. 

• 
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CONCEPTUAL ANALYSIS OF THE  

MALAYAN COUNTERazu-RGENCY (1.1) 

SPL'Ittl434 101401. (Except ABC) 

(b)(6) 

Historical Evaluation aria ttesearch Organization 
Washington, D. C. 

ABSTRACT 

When Communist guerrilla warfare began in Malaya in 
1948, the defending military found that the tactics and doctrine 
for Jungle war that it had developed in World War II were ad-
equate to prevent escalation to large-scale operations. How-
ever, victory proved to depend upon the evolution and conscious 
application of certain concepts that ultimately involved all 
agencies of government. Of these concepts, the most impor-
tant was the resettlement of Chinese squatters and estate labor 
so that soldiers and police could then attack the lines of com-
munication from the guerrillas to their civilian sympathizers. 
The situation thus created permitted successful application of 
other concepts, most notably in intelligence and food control. 

CONCEPTUAL ANALYSIS OF THE MALAYAN COUNTERINSURGENCY (U) 

Within the CIRADS limits of time and space, this paper attempts to analyze the conduct of the 

Malayan counterinsurgency campaign, 1948-1960, in terms of the concepts which governed that con-

duct, or which are suggested by the operations themselves. The nature of the available sources, 

primarily, the records of the British War Office, and the writer's own capabilities require focussing 

on the roles of the several Commonwealth forces; only so much of the Communist guerrilla con-

cepts are presented as to help in understanding their opponents'. The discussion of the British con-

cepts (if so for brevity they may be called) will try to outline their origins, evolution, implementa-

tion, and utility. Then, the paper will try to conceptualize the operational factors in the counterin-

surgent effort. 

The relevance of these Ideas to any given situation is best determined by those familiar with 

that situation. With but two exceptions, the paper does not attempt to offer any general propositions. 

Background 

Terrain 

The Malayan peninsula, where these operations were conducted, is roughly elliptical, about 

400-miles long, and 200 across at the widest point. The Thai border to the north runs through 
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heavy forest; the Government forces did not try to cordon or fence it. In the period 1948-1980, 

Malaya was about 80% jungle and 17% rubber plantation. The backbone of the Malayan peninsula is 

a mountain range. The often mountainous jungle area was the critical terrain feature for whoever 

controled the jungle controled Malaya. No place of importance in Malaya was more than a few 

hours' walk from it. 

Racial composition  

In 1048 there were present 2.4 million Malays, and 1.9 million Chinese. The Malays were an 

easy-going, uncommercial people. They are Muslims. of a fighting stock, and within the memory 

of men sUll living every adult Malay went armed. In 1948 they were a largely rural, aristocratic 

society, whose elite were accepted leaders and showed bath a flair and an interest in politics and 

administration. 

The 1.9 million Chinese were unassimilated politically and socially, though so successful econ-

omically as to rouse Malay fear and prejudice. Language was a major problem in that very few of 

the government's administrators, police, and soldiers spoke Chinese. Before World War II this 

great community had been largely self-governing through family, clan, and secret society, and the 

leadership of its great merchants. Then, during World War II some 500,000 Chinese, suffering 

the hunger and oppression that had followed on Japanese conquest of Malaya, had become squatters 

along the jungle fringe. They gardened in truck farms and they were outside the structure of civil 

administration, notably, outside the range of police activit,. 

Government 

The Federation of Malaya was a federation of nine semi-sovereign states and two colonies. The 

Malay states' relation to the Crown was set by treaty, not by statute. One of the ideas underlying 

the Federation's organization and operation was that Malaya emphatically belonged to the Malays. 

Consequently, land title was largely restricted to them, and 80% of the lower civil service posts in 

the central government were reserved for them. The state posts were Malay. 

The higher ranks of the Federation civil service, the elite Malayan Civil Service, numbered 

about 300, of whom 15% were Malay. First class university honors were a pre-requisite for ap-

pointment. The middle grades of the Federation service were about 80% British. Observers thought 

this civil service, in 1948, too small for its tasks, with many departments seriously undermanned. 

In this government, the British could advise. but since it was a Federal government, with lim-

ited powers, and since the states were Malay, they could not order. The British advisers to the 

several states were just that. For example, after taking up his post in 1948 a British adviser in 

the first several months received but one correspondence folder. He had not yet won the confidence 

of the officials of the state he was advising. Also relevant is the British practice of "seconding," 

so that a British subject seconded to a Malay state or working for the Federation did not feel that 

his first obligation was to Whitehall nor did he have secret links to the Colonial Office. He served 

Malaya. 
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In short, in 1948 this Federation Government seemed so undermanned as to be handicapped, 

had limited powers, and seemed slow to react. 

Army 

When the campaign began in June 1948, Malaya and Singapore between them mustered 12,687 

troops in the combat arms, and 16,999 service troops. 

These troops had one great asset, recent successful combat experience in the jungle against 

an Asian enemy. Only three years before the British Army had contributed the major combat ef-

fort toward defeating the Japanese in Burma. Ab a result, the local garrison had doctrine, tactics, 

and equipment adapted to jungle warfare; its battalions could live, move, and fight effectively in the 

jungle. About 50% of its officers and non-commissioned officers had served in Burma. 

The foundation of this combat effectiveness in jungle war was air supply, that is, routine use of 

aircraft for supply in the combat zone. So supplied, the British combat units were not road-bound, 

nor trailbound (indeed, in fighting guerrillas they habitually moved off-trail and off-road) while the 

probability of ambush was sharply reduced. 

The six British, three Gurkha, and two Malay battalions present in June 1948 differed sharply 

In combat efficiencyand jungleworthiness. They were in process of forming 17 Gurkha Division, 

and some were training battalions. However, doctrine and training methods were in hand and in a 

few months all were combat-ready. 

RAF 

The RAF was fresh from having supported the British Army in Eiurma. As a result, air-ground 

cooperation was understood and thoroughly practiced. The squadron each of transports and fighters 

were adequate for the early days; indeed, only one transport squadron was ever in Malaya. 

Police 

The police were a weak spot in 1948. They were 2,000 understrerigth, with a total of 10,000. 

Of them, 24 inspectors, and 204 rank and file were Chinese. Had a Chinese wanted to inform on the 

guerrillas, he would have been hard put to find a policeman he could talk to. Moreover, the Japanese 

occupation had injured the police. In 1948, the process of retraining and rebuilding was under way 

but only that. The operational strain on the police from current conditions in Malaya may be judged 

by the fact that there was as much crime in one month in 1948 as in an entire pre-war year. 

The Commimist Guerrillas 

Strength 

At peak strength, in the latter months of 1948, there were about 12,000 uniformed, armed Com-

munist guerrillas in the field; the documents and interrogations yieldul by the mass surrenders of 

1957-1958 have shown common and smaller estimates to be seriously in error. 

; 
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07ganization 

For this paper's scope and purpose, the two most significant organizational groupings were the 

full-time fighting guerrillas (Malayan Races Liberation Army) and their logistical support, that is, 

their base among the people (Min Chong Yuen Tong). This latter divided functionally into elements 

who were combat/service elements operating a few miles to either side of the jungle's edge, and 

sympathizers among the people. 

In racial composition, the guerrilla organization was 95% Chinese; their support came from 

within the Chinese community. 

Command and control was decentralized with organizations operating under broad directives. 

Coordination was obtained by having the leader at the lower level a member of the higher level's 

committee, and by foot couriers. 

Arms 

Initially, the guerrillas probably had enough infantry weapons to arm the equivalent of three 

World War Ii infantry regiments—had they been allowed to mass. Arms were largely British in 

origin; ammunition was to be replenished by capture. 

Doctrine  

The basic concept was that guerrilla war unfolded in three phases: (1) Gaining control of se-

lected areas by terror, force, persuasion; (2) turning these areas into bases in which organized 

military units would form; (3) uniting bases and units to support large-scale operations. 

However, the Malayan guerrillas gate the impression of taking with the utmost seriousness 

the maxim that they should flee from the strong and attack the weak. Consequently, a stubborn 

defense or a spirited attack, in either case regardless of numerical odds, would almost always 

iead the guerrillas to abandon an operation. 

The use of terror was a problem to the Malayan guerrilla. He feared that terror directed 

against the Chinese community might alienate the very people whose support he sought, whom he 

claimed to champion. Terror directed against the Malay would almost certainly result in immedi-

ate savage reprisals by Malay countryfolk against the nearest Chinese villagers, upon whom the 

guerrilla depended for support; experiments with terror against the Malay forcefully underlined 

this. Observers came to feel that the Communist guerrilla never solved the problem. Without 

terror he could not compel support; with it, he alienated enough to downgrade the resultant exacted 

Support. 

Appreciation of the British, and of Their Strategic Problem  

Having witnessed the Japanese defeat the British in 1941-1942, largely by their being able to 

operate in the jungle as the British then could not, the guerrillas took it as given that the British 

could not operate in the jungle. Moreover, in many of the squatter areas the Communists were the 

local administration. Here they would get food, information, and recruits. As the Communists 



looked about them in 1948 they considered that given the operational potentials of the jungle-squatter 

area combination and the assumed inability of the British to operate in the jungle they were probably 

almost at Phase II of guerrilla war. 

Sketch of Events 

The Calcutta Conference of March 1948 probably signalled wide-spread insurrections in South-

east Asia, including Malaya. The Malayan Communist leadership understood these were the begin-

ning of World War ni. 

In May and June 1948 there were a number of murders and atrocities directed at planters, of-

ficials, British businessmen. They were of no military consequence. Outgated public opinion 

forced the Federation to declare a state of emergency, which gave it sweeping powers to arrest, 

search, and detain, and to alert the military and direct it to support the civil power. 

The Communists then decided to mobilize their guerrilla forces. 

The troops in Malaya now proceeded to demonstrate that by jungle sweeps they could fragment 

the guerrillas and keep them from massing. The guerrillas could and did mobilize 12,000 but could 

not use them militarily. Through 1948 and all of 1949 the Communists showed they could only at-

tack non-military targets and commit acts of terror. They had not expected this, morale suffered, 

and sun enders were rising through 1949. 

In early 1950, the British Government recognized Red China. In consequence, surrenders 

stopped and guerrilla incidents rose 160% from December 1949 to June 1950. This was an intoler-

able level. To give a new approach, Lt. Gen. Sir Harold Briggs was sent to Malaya (legally, as a 

civilian). Malay opinion would now accept putting the 500,000 Chinese squatters plus estate workers 

and tin miners into villages and the framework of administration, so Briggs was able to do this. He 

also integrated police, military, and civil command elements at all levels of government. These 

two together are loosely called the Briggs Plan. 

Briggs' powers were limited and the machine he set up did not work at full efficiency. This 

was dramatically evidenced when in October 1951 the guerrillas assassinated the High Commissioner 

of Malaya. As a result, all civil and military powers were put in the hands of one man, who was 

further armed with the promise of independence. This was General Sir Gerald W. R. Templer. 

Templer made the Briggs Plan work, and from then on it was a slow steady mop-up, climaxed by 

the mass surrenders of 1957-1958. After them the formal end of the state of Emergency in 1960 

was anti-climactic. 

British Operational Concepts 

One Constant 

Through the 12 years of the Emergency, one concept was applied without change. This was that 

the military were acting in aid of the civil power. 
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.Administratively, this meant that the ultimate conduct of the Emergency rested in civil hands. 

That from 1951 to 1960 the Directors of Operations were soldiers is an interesting exception to the 

fact that at all other levels of direction in this same period the orders were issued by civilians. In 

the earlier period 1948-1950 all directing authority was civil. In the earliest days the Commissioner 

of Police was seen as giving an undefined guidance to the counterinsurgent effort. 

Legally, this concept meant there was no martial law, no courts martial. Captured guerrillas 

had all the legal rights of an arrested citizen. None was punished without full trial, and none was 

tortured for whatever reason. In practice, there were very few trials. The aim of government was 

to win rather than to punish. Therefore, the guerrilla who decided to become as it were the state's 

witness partook of the advantages of that familiar position; the threat of trial and almost sure con-

viction was the stick, and generous rewards the carrot. 

Government could also detain without trial, and could search and arrest without warrant. De-

tention was applied with vigor, and seems to have been effective in sorely handicapping the guerrilla 

supply organization—and in offering the chance to win over its members thus made accessible, 

Concepts in the first years of the Emergency 

To agree that the military would act in support of the civil did not tell responsible officials how 

that support was to be given or directed. In practice, initially the counterinsurgent effort was a co-

operative one between the several agencies of government, proceeding on the basis of consensus. 

No one man, no one agency, could order. The Commissioner of Police had had long experience in 

Palestine. He ran his own department and he gave suggestions to the others but his power went no 

farther. The Chief Secretary was told to coordinate. In practice, this meant that at long intervals 

he presided over ad hoc gatherings of senior officials to discuss-  the Emergency. 

At the operational level, police and military knew and fully accepted that they were to cooperate. 

The difficulties lay in defining cooperation, in defining the respective functions of military and police. 

The military gathered intelligence, and the police operated jungle squads modelled on platoons of 

infantry. When Jungle sweeps were conducted, the responsible commander might or might not de-

cide to bring the police into the operation. 
1 

In the realm of local politics, the several Malay States objected to resettling the Chinese squat-

ters. The need for this was seen from the beginning, but consent and action could not be obtained. 

In short, the counterinsurgent effort in the early days, 1948-1950, lacked coherence. Both con-

cepts and orgiudzation that could focus and direct the effort toward its goals were lacking. 

Military thinking, 1948-1950 

Acting in support of the civil, and by 31 March 1950 built up to 18,523 in the combat arms and 

13,674 service troops in Malaya and Singapore, the army was the principal counterinsurgent agent. 

Looking at and deploring the c6nduct of antiguerrilla operations in China, Greece, and North Vietnam 

it resolved not to let itself be broken into penny packets and tied down into point defense. Instead, 
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it resolved to use mass and mobility, exploit its ability to fight, to move and to live anywhere in 

the jungle and use its strength on jungle sweeps and large-scale screening operations. Point de-

fense was left to the rapidly-expanding police, who were sheltered as it were by the way the army's 

jungle sweeps fragmented guerrilla formations. Under all operational circumstances, passive de-

fense was avoided by the army and by larger police formations. To patrol by day and to ambush by 

night was the practice. 

The RAF entered into the above by its provision of air supply in all weathers and to all points. 

Interestingly, both army and guerrillas agreed and stressing the absolutely fundamental nature of 

air supply. Point and area targets were bombed either on information or on speculation. The scale 

was so small, 331 tons of tombs the first two and one-half years, that its lack of effect on the cam-

paign does not surprise while the possible effect of a large effort is unknown. 

Results of the above  

The army's jungle sweeps and support of screening operations served (1) to prevent the guer-

rillas' massing into formed units, and (2) greatly to handicap their supply service, the Min Yuen. 

The guerrillas could not enter Phase H and could only operate in Phase I. At this level, the guer-

rillas did maintain an unacceptable incidence of terror. 

As a by-product of its jungle sweeps, the army steadily improved its skills in field craft, jun-

gle navigation, and the miner tactics of jungle war. Professionally. it was a more effective combat 

Instrument in 1950 than in 1948. Growing professional criticism of the large jungle operation as a 

futile blow in the air did not appreciate its functional importance in fragmenting the guerrillas and 

preventing their massing. However, because the jungle sweeps had done that, and because the sol-

diers were far more effective in the jungle than ever before, the circumstances had been created 

to permit introducing and applying new concepts that for the first time imposed a coherent pattern 

and gave effective organization to the counterinsurgent effort. 

force the guerrilla to fight on ground of the government forces' choice. This would seize the init-

iative 

the concepts later to be known as the Briggs Plan. The central concept of the plan was to 

place. When he arrived, Chinese Communist guerrillas had the run of squatter areas inhabited by 

half a million Chinese who were outside law and public administration. Army and police had been 

iative from the guerrilla. To do this, Briggs rearranged the battlefield on which actions were taking 

sorely handicapped on that battlefield so Briggs had it rearranged. 

be controlled. In so doing, Briggs appreciated that food was the weak spot of the Malayan guerrilla. 

The  BiIggs Plan 

A week after he arrived in Malaya, Lt. Gen. Sir Harold Briggs issued his basic paper. In it 

Briggs rearranged the battlefield by two acts: The first was to resettle the squatters into vi-

able, policeable, fenced villages (fenced, not fortified). Traffic in and out of these villages could 

He could go for weeks without shooting a bullet but he had to eat. Therefore resettlement forced 

him to set up an •1C to the villages and make the operation of that LOC a primary concern. The 
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operation and the protection of this LOC and its associated supply organizations was expected to 

and did absorb an ever greater part of the guerrillas' manpower. The functioning of the LOC was 

expected to and did offer intelligence targets and ambush targets to the police and the soldiers. 

The army was reployed accordingly so that it could maintain an appropriate level of manpower in 

the jungle fringe, that is, between the people and the guerrillas. 

As regards conscripting the Chinese into the Home Guard, Briggs argued, and correctly, that 

the Chinese villager would cooperate if outer circumstances made it appear that he was forced to. 

It should also be noted that food searches at the village gate gave the villager a perfect excuse to 

withhold ortoreduce support. Under the new regime, not even members of a Chinese villager's 

family would know if he had passed information or fired an artwate shot. 

It should be emphasized that the Liriggs Plan was intended to and ultimately did force the guer-

rillas to reduce what they called military operations almost to the pro forma level, as all their 

energy and imagination had to center on one thing, food-gathering. 

With resettlement and a Chinese home guard Briggs introduced a new scheme of command and 

control, conceptually independent of both the above. At each level of government, from the capital 

at Kuala Lumpur down to each of the 71 administrative districts into which Malaya was divided, 

Briggs set up a war executive committee. The key word here is executive. Each committee com-

manded the counterinsurgent effort in its area by issuing orders to the military, police, and civil 

agencies in that area. The senior civilian was chairman. Representatives of each agency concerned 

attended meetings. To make this exercise of command administratively possible, each committee 

ran a combined operations and intelligence section. 

The Briggs Plan Appraised 

Briggs put his plans into effect as Director of Operations, but the powers he was given were 

not adequate to the post. The role of the police was critical, yet he could not order the correction 

of any deficiency he found in them, or with any other agency. If a member of a war executive com-

mittee disliked an order as it affected his agency, he could appeal. Therefore, the machine did not 

work at full efficiency even though it must be noted that with the implementing of the Plan guerrilla 

incidents began to fall. 

Moreover, the available records suggest that he did not see or did not have power to develop 

an important implication of his work. That is, the Briggs Plan in action greatly simplified the in-

telligence problem by (1) simplifying the problem of identifying members of the guerrilla organiza-

tion, and (2) forcing the guerrillas into repetitive, highly organized activities, e.g., the food lift. 

The opportunities that Briggs had created had to be exploited. His successor, now Field Marshal 

Sir Gerald Templer, K. G., held views that suited the occasion. 

The Governing British Concepts Fully Developed  

In Tempter's thinking, food was the basic weak spot of the guerrilla anywhere in the world. 

The Briggs Plan was obviously taking care of that so Templer then moved on to what he saw as 
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the next priority in counterinsurgent concepts. These were two things that he bracketed in his 

thinking and in his conduct of operations, and which he compared to the right and left fists of the 

boxer, intelligence (broadly defined) and information, i.e., a public information program to, in the 

slogan he launched, win the hearts and minds of the people. 

Under Templer, intelligence became the responsibility of the police, and of the police alone. 

The military would certainly gather combat information, but its processing into intelligence was 

the task of the Police Special Branch. The days of divided responsibility and effort were ended, 

and, the police received the means to do their new job. 

In the conduct of military operations, the penetration of the guerrilla command organization 

was now set as the objective. This might never appear in the field orders, and the military might 

chafe at the demands placed on them by Special Branch, or the restrictions, but this fundamental 

objective never changed in the course of the Emergency. The philosophic implications are inter-

esting. The aim of war has been defined as to impose one's will on that of the enemy. His will 

does not exist in vacuo, nor is it disembodied; it is the will of a group of men. If, then, Special 

Branch could turn a Communist commander and make him an agent of Special Branch, the task of 

overcoming the will of the guerrilla enemy was proportionately easier. In the event, Special Branch 

were able to penetrate the Central Committee of the Malayan Communist Party, that is, the guer-

rilla high command. 

To win the hearts and minds of the people, Templer and his successcws created a machine that 

could saturate the communications media. The theme it broadcast was that of an independent, 

prosperous, multi-racial Greater Malaysia. The theme received daily demonstration by deeds 

which ranged from civic action to Malayan independence; we need not dwell on them here. Here 

one need only note the demonstrated efficiency of Templer's two concepts, summed here as intelli-

gence and information. 

Two Operational Concepts  

For the day to day conduct of operations, 1953 saw the invention of the food denial operation, 

which became the most effective government had. Food denial meant the rationing and control of 

the stocka,ge, sale, and movement of food, including the mass cooking of rice, in an area of a size, 

and so patrolled and ambushed, that porters could not bring in rations from outside. Thus, the 

area for Operation Bonanza was 400 square miles, and it took about 20 government personnel for 

each operational guerrilla. Here one must note that the guerrilla had been forced to operate in 

scattered small parties and that by 1953 there were an estimated 4373 armed guerrillas at large 

in Malaya, exclusive of their support organizations. When a food denial operation began, the local 

guerrillas would lie low and live off their stocks for three to four months. Then, they had to begin 

taking increasingly desperate chances, and the kills and surrenders would begin. In 12 to 15 months, 

the numbers and identity of kills and captures, and the end of guerrilla incidents would suggest that 

there were in fact no more guerrillas in the target area. 
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In June 1953, probably by the Resident Commissioner in Malacca, it was suggested that if in a 

given area there were no guerrilla incidents for a length of time that all restrictions on the people, 

such as curfew and food control, be lifted, subject to later good behavior. The area would be called 

"white." lithe people of an area wanted restrictions lifted they could aid greatly to that end. The 

"white area" thus was a reward for good behavior and the hope of receiving it in incentive to co-

operate with the police. In no sense was one declared as a challenge to the guerrilla. 

The General Working of Operational Factors 

The above has presented in simplified form the conditions in Malaya and the concepts applied 

there. Examining the course of events and the conduct of operations suggests that the operational 

factors in the Malayan counterinsurgent effort were: Army operations, resettlement and food con-

trol, police intelligence, public information, and the unique system of command and control. 

The foundation of the counterinsurgent effort in Malaya was success in jungle war, combat ef-

fectiveness in the jungle. Without it, the whole counterinsurgent effort would have been swept away 

as was that of the French in Viet Nam. These "early successes in jungle war made resettlement 

and food control possible. This in turn yielded profitable targets for the army and for police in-

telligence. Reassured by them, the populace increased its support, which resulted in more and 

better intelligence. To make these varied activities mutually supporting :Eluired their careful, 

continuing integration, which the command and control system providet'." 

Two General Observations 

From the above, and from the nature of guerrilla war in general, two observations suggest 

themselves. The first is that under all circumstances food is a weak spot for the guerrilla and so 

action aimed against it is worthwhile. The second is that intelligence is a police function. The in-

telligence sections of military units are so small, the units themselves move so frequently, that 

they cannot develop the mass of detailed local knowledge needed to deal with guerrillas who shelter 

In and arc from the local people. 

1  

*Riley Sunderland, Army Operations in Malaya, 1947-1960 (U). RM-4170-ISA, page 6 (SECRET). 
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ABSTRACT 
(Unclassified For Official Use Only) 

In protecting a given installation, guards are commonly deployed within the area 
containing the installation as well as at posts and beats along the area's perimeter. 

The measures taken to protect against intrusion Lefty an area will vary with its 
importance, size and location. These measures might include a variation in thg number 
of guards and their location, a voice communication system between the guards and the 
area's headquarters, as well as monitoring the first team of guards by a second team. 
The last two measures, whether or not they are periodic, leave time intervals in which 
a guard may be physically overcome and the area penetrated. 

To minimize such incursions -- which could mean a surprise attack on the unsus-
pecting installation -- a specialized communication system continuously informing the 
area's headquarters of the physical condition of each guard is suggested. With this 
system, such physiological indicators as heart beat, brain activity and certain muscle 
potential will be transmitted from the guards to headquarters indicating whether any 
guard is dead, injured or unconscious. A supplementary means, by covert voluntary 
action, to signal capture is discussed. This information could serve as a warning 
system which would alert the entire base as well as initiate remedial action. 

This paper discusses the various physiological indicators that might be trans-
mitted and monitored. The measurement and telemetry of heart rate has become a fairly 
standard practice, so that this subsystem is easily adapted for use in this system. 
Telemetry of electroencephslic signals may introduce some problems because any move-
ment of the electrodes tends to distort the signal. Methods to avoid this problem 
are presented. Telemetry of muscle action potential would require some training of 
the guard, as well as pretesting of the biosignal telemetry system to avoid using it 
on an individual incapable of controlling his actions under stress conditions. 

Apart from perimeter defense, point defense and monitoring men stationed at posts 
away from their conmand area, there may be additional applications of the system in 
individuals whose physical monitoring is desirable. 

I. INTRODUCTION 

In guarding • vital installation, it is COMM practice to monitor the guarde deployed in and 

around the area containing the installation to insure that they remain alert and intact. The moni-

toring methods commonly used are periodic communication by voice or radio between the area's head-

quarters and the guards and/or their monitoring by a second team of guards. 

These methods are essentially periodic in time and geographic location, thereby leaving inter-

vals of time in which guards can be overcome and the area penetrated without headquarters being 

immediately warned of the intrusion. 

To minimize the prohebility of such a penetration, a system employing a continuous check on 

the Physical status of all guards would be desirable. 
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This Memorandum suggests • practical and inexpensive system that could meet this requirement. 

In this system the physical status of the guard force would be monitored by observing directly the 

physiological signals which indicate heart function (electrocardiac signal), or brain organic 

function (electroencephalic signal), or certain muscle activity (muscle potential and muscle move-

ment) of each guard. These signals, continuously monitored from each guard, would inform head-

quarters instantaneously if any guard is dead or unconscious and quickly if any guard is seriously 

injured. 

Only modified versions of the aforementioned physiological signals are considered for teleme-

try fro6 the guards to their headquarters. Unlike the involved multiple-electrode system required 

for medical analysis, only a few electrodes are used here, since only gross physiological indi-

cators are needed to indicate the physical well-being of the guards. 

Monitoring heart patients and astronauts by means of electrocardiac telemetry is an estab-

lished technique; experiments with telemetry of brainwaves (radic-electrcencephalography) and 

muscle potential (radio-myography) have also been made. Thus, both experience and equipment are 

available for this newly suggested application. The sensing and consequent transmission of these 

signals is entirely involuntary, requiring no overt attention or action on the part of the guard. 

A commonly considered continuous monitoring system is the "deed-man twitch" alarm system. 

There are sully varieties of this unsophisticated system, characterized by simplicity of design and 

operation, and these no doubt have their place in the defense system. However, the information 

given by the alarm is limited, by comparison to the physiological signal report, and in some in-

stances the switch may cause the guard's attention to be diverted from his duties. The "dead-man 

switch" is more susceptible to false alarm, more vulnerable to enemy capture and ruse than the 

physiological system, and may provide an opportunity for a malingering guard to "outwit" the system 

by improper use. 

The suggested system is relatively sophisticated but requires very little training of the 

guard and only a minimum of physical discomfort to him. It appears to be fairly straightforward 

and practical. Once developed and Available for use, it might be used in rather routine circum-

stances in preference to current practices just because it is easier and cheaper. 

In the sections to follow, the physiological signal telemetry is described; the three physio-

logical signals, commorly refernd to as biological signals or simply biosignals, and their rela-

tive importance in this system are described. Their abnormal and normal ranges and the possible 

problem areas of each are also indicated. The practical aspects of the system such as the size 

and weight of the portable equipment, possible discomforts to men using the equipment, and training 

are discussed for each of the biosignalm considered for telemetry. 

Although this paper considers primarily perimeter defense applications, there are additional 

applications in industrial security where monitoring organic failure of guardb is an important 

consideration. 

II. BIOSIGNAL RADIO TELEMETRY SYSTEM 

Each of the guards deployed in defense of an area will carry portable telemetry equipment. 

This equipment will consist of electrodes connecting the emitted biosignal first to a preamplifier, 

then to a transmitter and finally to an antenna. The modulated biosignala will be transmitted to 

monitoring receivers at the area's headquarters. If several separate but closely situated areas 

are being guarded, a relay station in each area could retransmit the received signals to a single 

control station accommodating the entire region. 
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It should be noted that although direct radio signal propagation from the guard's antenna to 

headquarters' antenna is implied In this system, it is not intended to restrict communication only 

to a direct radio link. In fact, because of terrain and radio noise, it may be better to use radio 

transmission for a short distance to a relay terminal (properly tamper proof and alarmed) which is 

connected to headquarters by wire. Also in cases where guards are deployed close to a metallic 

fence witch encloses the Installation, coupling to the fence which then serves as a wire to head-

quarters is a possibility. 

Although a number of modulation techniques may be employed in transmitting the blosignals, a 

basic frequency-modulation design is suggested here. It is a proven technique in the field of 

medical radio-telemetry, and a number of off-the-shelf designs and equipments are available. 

Each guard would be assigned a separate channel of bandwidth sufficient to accommodate the 

modulated baseband of the conditioned electrocardiac, electroencephalic and muscle-action signals 

for transmission purposes. A baseband of 500 cps per guard will be more than adequate to sense 

with fidelity the biosignaLs considered for telemetry. 

Subcarriers derived from the basic carrier, say in the VHF band, of the portable transmitter 

will be modulated by the biosignal to be monitored. be portable transmitter may be • separate 

telemetry transmitter or, if guards already use a walkie-talkie system, that transmitter may be 

modified so that the sensed biosignels may be transmitted by it as well. 

At headquarcers, separate receivers, each tuned to a different guard, will perform the moni-

torilg function. In each receiver locally generated subcarriers will be mixed with the incoaing 

signals and separate 1-4 filters will isolate the three different biosignals into appropriate sub-

channels. A detector following each of the 1-f filters will extract the waveform of the biosignal. 

Each of the biosignal waveforms will enter into a separate subchannel containing a comparison 

circuit. This circuit will compare the received biosignal with reference signal levels correspond-

ing to the upper and lover bounds of the normal range of amplitude and frequency of the biosignal 

for that particular guard. Although the majority of guards will fall into the normal range of the 

biosignal foe the adult male population, there may be a few guards for whom special adjustments 

of the upper and lower bounds in the comparison circuit will have to be made. 

The output of the comparison circuit will indicate one of three conditions: normal, abnormal, 

or borderline. The abnormal reading will be indicated by, say, • red light and the borderline by 

an amber light; both lights being accompanied by an audible alarm. The lights would be located on 

a display board, with each guard assigned a specific location on that board. Since each guard's 

deployment region is known, the display of a colored light would also indicate the location of the 

problem area. In addition, a control panel can be designed so that by turning a switch, the visual 

indication of the tiosignal of interest could be raised on the panel's oscilloscope. This may be 

necessary in borderline situations. 

III. BIOSIGNALS IV BE MDNITORED 

The three biosignals considered for telemetry in the perimeter defense warning system are, 

in their order of importance to the system, modified forms of: 

1. Electrocardiac (ECC) signal 

2. Electroencephalic (EEG) signal 

3. Certain muscle movement or muacle potential signals 

ELECIROCARDIAC SIGNAL 

Of the three signals, the electrocardiac signal is the most valeable to the operation of the 
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system. It is easiest to sense, and the required hardware for its sensing and telemetry is most 

readily available. It is considered most valuable because during a physical confrontation between 

the guard and the intruder, the kind of physical damage most likely to be Buffered by the guard, 

i.e., injury involving loss of blood and/or death, would be clearly indicated by the ECC signal. 

The amplitude of the ECG signal is generally above the ambient musculature potential and is thus 

easily detectable. Furthermore, the EGG telemetry techniques have been implemented and associated 

equipment is currently in use, although now only for heart patients and astronauts. 

The electrocardiac signal will unequivocally indicate death or physical injury caused by 

bullet or knife. Further, it can indirectly indicate a physical struggle, as the gross muscle 

potential will ride on the PQRST waveform.
* 

The PQRST waveform, which originates in the sinoauricular nodes, causes depolarization and 

consequent contraction of the heart musculature. This gives rise to the typical tracing composed 

of the P-wave auricular depolarization; the QRS complex, ventricular depolarization; and the T.daVe 

repolarization. The PQRST waveform and its repetition rate can be used to obtain a precise measure 

of the cardiac rate (number of heart beats per second), timing (the relative duration of the vari-

ous sections comprising the waveform), and rhythm (whether there exist any inversions nf the nor-

mally positive sections). If the entire PQRST is to be radio-telemetered, the signal character-

istics of a channel sufficient to reproduce the waveahape with fidelity are 0.1 to 100 cps with 

an amplitude dynamic range of 0.05 to 2.0 millivolts (32 db). 

As seen from the sketch in Appendix B, the R-pulse can be easily extracted and applied to a 

pulse-counting circuit whose output modulates 1 carrier. This results in a narrower band signal 

than if the entire PQRST waveform was transmitted. Heart rate exceeding 100 beats per minute 

(tachycardiac condition) and lasting over 90 seconds indicates injury which results in internal 

or external loss of blood. A heart rate of lest than 40 beats per minute (brachycardiac condition) 

would indicate that the subject's (guard's) physical functions are deteriorating and that he has 

probably collapsed. Figure 1 Is a pictorial representation of the ranges of the cardiac rate. 

Shaded sections indicate borderline conditions 
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FIGURE 1, RANGES OF CARDIAC PULSE RATE FOR NE ADULT MALE AT REST POSITICV 

*
A graphic description of the PQRST waveform is given in Appendix B. 

sis 
This figure does not intend to represent any of the idesyncratic features of individuals 

during and after exercise, when extremely tired, when in shock, etc., but rather to indicate broad 
regions where the monitor should query the guard. 
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A pictorial representation of the placement of the electrodes necessary to obtain the modified 

ECG signal is given in Pig. 2. It is important to note that the multi-electrodo connections re-

quired in a doctor's office to obtain a complete ECG recording are not necessary, and a simple dual 

electrode configuration is used to obtain the modified ECG version for telemetry purposes. 

The two electrodes shown in Fig. 2 are connected to two ends of the primary of • transformer 

with its secondary midpoint connected to the ground of the difference amplifier which follows. 

The transformer 19 cormonly used in this manner to introduce a large rejection ration of in-phase 

interferences as well as to eliminate the necessity for a third electrode that would, in the 

absence of the transformer, have to be placed on the chest and connected to the amplifier ground. 

Certain precautions are necessary when placing the electrodes (each approximately 1/2" in 

diameter) on the chest so they will not fall off while the guard is on duty, or cause skin irrite-

tion. The following steps are suggested toward meeting these two aims: 

1. Cleansing the skin with alcohol in two places on the chest above the heart 

2. Placing electrolyte gel on the skin and electrode 

3. Placing an adhesive tape collar on the skim surrounding the electrode (this is 

sometimes referred to as a "hand-aid" electrode). 

FIGURE 2. PLACEMENT OF ELECTRODES USED TO PICK UP 

THE HEART SIGNAL FOR TELEMETRY 

Depending on the personal preference of the guard, a harness or a pair of straps worn around 

each shoulder could be uced to bind the flat-faced electrodes onto the chest instead of having 

band-aid type electrodes. A belt-like structure wound around the upper portion of the chest may 

also be used to hold the electrodes against the skin abeve the heart. Wearing the belt straps or 

harness, as well as wearing. the band-aid type electrodes, may be uncomfortable in warm weather. 

Medical corpsmen should place the electrodes on the cheat of the guard. Since part of their 

training consists of taking electrocardiograph recordings, they should have no difficulty perform-

ing their tasks in the field. In certain respects these tasks will be simpler because only two 
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electrodes are used in this system as compared with the multiple-electrode system used to obtain 

THE ELECTROENCEPHALIC SIGNAL (EEC) 

the electrocardiogram. 

The teleoetry of a modified form of the electroencephalic signal, the a-rhythm, can be used 

to augment the ECC monitoring. Its purpose is to detect sleep and some injuries that might occur 

during a guard's physical encounter with the intruder. The type of injury that would b indicated 

by the EEG and not by the BCC is one producing a comatose condition without involving any loss of 

blood. Enemy action normally required to produce this condition would be krweking the guard un-

conscious. 

Because of the low level of the EEG signal end its susceptibility to a variety of muscle 

e  

potential interferences, it is much more difficult to sense than is the ECG signal. Moreover, its 

sensing nay cause some discomfort to the guard, thus making the telemetry of EEG a more complex 

problem from a practical point of view. It would appear that the decision whether or not to tele-

meter the EEC would depend on the area's commender, who would take into account the importance of 

the area to be guarded, the nature of the expected threat, etc. 

Table 1 presents a list of a-rhythm amplitudes together with their frequency characteristics 

for normal, borderline and abnormal cases. The borderline and abnormal readings are obtained fzom 

a comatose condition induced by injecting chemicals, breathing certain lethal gases, or by a 

severe blow on the head. 

TABLE 1. RANGES OF o-RHYT18i AMPLITUDE AND FREQUENCY CHARACTNISTIrS 
FOR AN ADULT MALE 

Amplitude Frequency 
Range (microvolts) (cycles per second) 

Normal 20-100 9-16 

Borderline 100-150 6-8 

150-300 0.5-5 
Abnormal > 300 at any frequency 

< 20(a) 6-8 

(e)Reading obtained from a sleeping subject. 

In the case of • blow on the head, the inmediate electroencephalograph reading will be masked 

by muitcle potential variation to the order of 5 to 25 millivolts and frequency from 5 to 20 cycles 

per second. When the physical blows cease, the a-rhythm will be characterized by lower than normal 

amplitude and frequency: frequency of 6 to 8 cps and amplitude less than 20 microvolts. It should 

be noted that these signal characteristics are also obtained from a sleeping subject. 

It is clear from Table 1 that three separate ranges of amplitude and frequency can be obtained 

from the a-rhythm. The necessary signet processing for the appropriate classification can be ac-

complished by circuitry included in the guard's eluipment. The transmission of only three indi-

cations would allow for a narrow-band frequency-shift-keying modulation. 

A summary of the essential information relative to the guard's physical condition contained 

in the biosignals is show.% in Table 2. 

EEG ELECTRODES, THEIR PLACEMENT AND ELECTRODE LEADS 

To obtain the a-rhythm, one electrode will be placed on the upper occipital region and the 
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other on the parietal region--toward the miAliLe, thereby minimizing musculature interference.*  

The electrodes may be mounted in a band around and across the skull, in the inner headband of the 

helmet, or pasted onto the head with appropriate tape. The reference or ground electrode msy be 

pasted to the apex of the head, attached to a band around the had or to the inner helmet band for 

support, or entirely eliminated by using a transformer described previously for the sensing of the 

ECG signal. If one electrode of each pair used in ECG and EEG is grounded, ground loop problem* 

ay result which could probably best be resolved by using an additional (third) chest electrode 

and/or head electrodo as the ground electrode. 

TABLE 2. SUMMARY OF PERTINENT INDICATIONS CONTAINED 
IN ECG AND EEG BIOSIGNALS 

INJURY 

Bioslgnal Death With no Loss of Blood. 
With Loss e.g., Blow on the Head, Sleep 
of Blood Coma Produced by Gas 

Electrocardiac 
Signal 

V V 

  

Electroencephalic 
Signal 

 

V VI 

/t is to be noted that the dual electrode configuration used in the telemetry subsystem is 

considerably simpler than the 11 or more scalp electrodes normally used to obtain a complete 

electroencephalogram. 

Two kinds of electrodes are considered for sensing the frontal to occipital electroencephalic 

signal. The first, called the capelectrode, is the type commonly used for hospital electroencepha-

lograph recordings. It is a thin, flat circular metallic (silver or lead) electrode about 1/4" in 

diameter. One electrode is to be placed at the hairline and the other at the back of the head. 

The area under the frontal electrode should be scrubbed with alcohol or acetone. The area under 

the occipital electrode should be likewise treated with the additional precaution of spreading the 

hair away from the area. Electrolyte gel is placed on the area and on the face of the electrode. 

and the electrode is firmly affixed by either an adhesive tape collar placed around the electrode 

or by the use of Bentonite paste or Collodian glue. 

The second electrode, which has been developed recently and is of a more sophisticated design, 

has the advantage of being more less susceptible to muscle voltage interference resulting from the 

motion of the head and other portions of the body. This electrode is composed of a porous silver 

chloride pellet housed in a small tube. 1/16" long and 1/4" in diameter, filled with electrolyte 

gel. 

In addition it may he advantageous to place the miniaturized EEG preamplifier beneath the 
top of the helmet with special shielding in the helmet and an antenna designed so that the outer 
portion of the helmet becomes part of the antenna. 
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The skin area under this electrode and the manner of attaching it to the seneed area is 

similar to that of the capelectrods, except that a flange is used to support the AgC1 electrode. 

In either case, to prevent the electrodes from falling off, a head band or the cap commonly worn 

under helmet should be used. 

The leads connecting the electrodes to the preamplifier should be of the low-noise coaxial 

variety (Microdot wire) rather than of the more commonly used rubber insulated copper wire. The 

Microdot airs minimises the tribo-electric effect, the voltage artifact resulting from vibration 

and mechanical shock which aormalty interferes with the low-level electroencephalic signal. 

PROBLEM AREAS 

Although ordinary medical corpsman who have taken electroencephelograme of patients in hos-

pitals would have no trouble placing the two electrodes Alla in the field, their main concern 

would be to insure that these electrodes do not fell off dieing guard duty and that good electrical 

contact is made between the skin and the electrode. 

Wearing EEG electrodes generally introduces physical annoyance, but this would be reduced as 

the guards becooe accustomed to it. Scrubbing or abrading the surface under the electrode may be 

a bit painful, but it is of short duration. To obtain the best skin contact, the scarification 

procedure is advised. Here a thin needle is used to perforate the skin to a very low depth 

1/16") and the hole is filled with electrolyte gel. This reduces the contact resistance and 

results in an increase in amplitude of the electroencephalic signet. Because of the pain in-

volved in the perforation, this procedure may not be considered acceptable even though it is 

beneficial to the EEG signal link. 

Ordinary eye blinking may introduce signal interference in the EEC signal. It can be high 

enough to momentarily blnek the 7-rhythm so :that for a short time neither a normal nor abnormal 

reading would be received at headquarters. However, as the blinking action ceases the o-rhythm 

could be monitored again. (A consistent eye blink would, of course, have to eliminated from EEG 

monitn:ing.) Severe ecratching of the scalp, grinding of teeth or careless movement of the helmet 

which moves the electrodes would produce similar disturbances. 

GUARD CAPTURE INDICATION 

Although in any encounter, the intruder would probably attempt to physically incapacitate the 

guard, there is • possibility that the enemy, aware of the guard's ECG and EEG telemetry, would 

hold up the guard with a gun or knife. This would foil the warning system since the situation n 

would not be disclosed to headquarters either'by the heart signal or the brain waves, thereby 

enabling the enemy to penetrate the 4uapecting area. 

As no imvoluntaly physiological function would generate • signal unequivocally indicating 

capture,
* 

a voluntary physical action must be considered which will emit a partice,lar physiological 

signal that could be detected at headquarters as the "capture" signal. Furthermore, this action 

must be such that it will not alert the intruder, while holding up the guard, to the fact that s 

massage is being transmitted. However surreptitious this physical action might be, it must still 

be performed under the watchful eye of the captor; thus, the element of personal bravery must 

enter into the "guard-capture" signal link. Therefore, the subsystem could not always be depended 

*
Although initially the guard would probably be frightened, resulting in a faster than normal 

heart rate, the tachycardiac condition would fall to a normal count in less than one minute. Since 
the rapid pulse rate could also be a "startle response" due to a sudden sound or movement in the 
guard's environment, the short-duration tachycardiac condition is not a reliable capture indi-
cator. 
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upon to function when the hold-up situation occurs and must be considered as a supplement to the 

basic involuntary biosigral telemetry system. 

Of the variety of voluntary actions that may be considered for producing the desired muscle 

potential indicating capture (ouch as repetitive eye blinking, wallowing, finger movements, etc.), 

the two chosen as most acceptable are the guard holding his breath for a period of time and emit-

ting a soft repetitive throat-clearing sound. 

The applEcetion of air pressure to the walls of the windpipe, resulting in the sound emission, 

produces the muscle action potential that can be used as the biosignal indicating capture. 

Training of the guards in the emission of a repetitive sequence of throat-clearing sounds 

would be required so that the resulting muscle potential could be detected with a minimum of 

equivocation. There are a wide variety of throat or "dime" electrodes which could be hidden below 

the top level of the shirt collar and affixed to the lower portion of the guard's throat that would 

sense the induced muscle potential of the larynx. The signal emanating from the larynx would modu-

late a aubcerrier in the channel assigned to the guard. An experimental program will be necessary 

to aid in the design of a filter to segregate the signal potential indicating a "hold-up" condition 

from signals resulting from normal speech activity. 

A guard capture indication less vulnerable to discovery by the enemy is sensing the lack of 

expansion or contraction of a guard's chest, accomplished by the guard holding his breath for more 

than 15 seconds. Sensing voluntary breath stoppage can be readily achieved by placing an elastic 

band across the upper portion of the guard's chest with an appropriate sensor attached to the band. 

(For example, the sensor may be comprised of a spring attached to the wiper arm of a potentiometer.) 

A sensor reflecting no change in length for at least 15 seconds would be sufficient to trigger an 

alarm tone generator. 

fk.s the normal breathing rate for the adult male at rest varies from 14 to 18 expansions and 

contractions per minute, the period of 15 seconds during which no expansion or contraction takes 

place is • compromise period,' being three and a half times longer than the lowest normal interval, 

but not long enough to cause physical strain which could be reflected an the guard's face. 

A physical examination to determine any breathing difficulties that might prevent a guard from 

holding his breath for the prescribed time duration %ills, of course, be necessary to eliminate 

those individuals from using this biosigral telemetry subsystem. 

The elastic band, being close to the BCC electrodes, could also be used as an additional 

support for the electrodes. Wearing a belt or an elastic band across the upper portion of the 

chest may be a discomfort to some guards. It certainly appears to be more of an annoyance than 

the dime electrode placed around the throat. The discomfort could best be determined in field 

training under warm weather conditions. 

The guard capture signaling subsystem, if employed, would also enable the guard to call for 

aid or otherwise alert headquarters in situations where he is not confronted directly by the in-

truder but observes at a distance enemy activity prior to penetration. 

SIGNAL INDICATION OF UNAUTHORIZED ELECTRODE REHDVAL 

Arter capturing the guard, the enemy might immediately remove the electrodes and place them 

on the body of one of the intruders, time conveying to headquarters the impression that all is 

well. To offset this kind of action, an impedance-change detector could be connected to each pair 

of electrodes. Thepurpose of this circuit would be to note instantaneous changes of signal source 

impedance. 

The output of the detector circuit exceeding a preset threshold would trigger • tone generator 
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which would in turn produce a narrow-band signal in the guard biosignal channel. The receipt nf 

this tone would indicate to headquarters that tampering with electrodes hal taken place and, there-

fore, biosignals recaived after the disappearance of the tone must be suspect. 

Another use for this circuit might occur when a guard is engaged in a physical battle with an 

intruder; by resoving one of his electrodes, the guard would be able to communicnte an alarm condi-

tion to headquarters. 

IV. FALSE-ALARM CONTINGENCIES 

POSITIVE INDICATION OF A NEGATIVE CONDITION 

"False-negative" alarms, abnormal biosignala received by headquarters indicating that a guard 

is physically hurt, dead or captured when in fact he is well, would be caused primarily by elec-

trooes falling off. The probability of this occurring and causing a false-ne:ative alarm can be 

minimized by insuring before the guard leaves for duty that the electrodes are securely strapped 

on with adhesive tapes, etc. As a matter of course, the entire telemetry system on the emeri 

should be checked before he leaves for duty. 

False-negative alarm can also be caused by failure of the circuit components used in the equip-

ment. As such, the probability of false-negative alarms can be minimized at the design and build-

ing stage of:the equipment development. 

The false-alarm situation when all equipment is in order and yet no signal is received at 

heaaquarters indicated that heavy propagation loss exists in the guard's signal path. Topo-

graphical regions may exist around the base from which the transmitted signal would not be of • 

sufficient level to exceed the receiver threshold. This situation may occur if the guard is de-

ployed in a valley surrounded by high hills or on the opposite side of a hill Crum the receiver 

antenna. Knowledge of the topography surrounding the base would aid in determining whether or not 

there will be propagation problems. A propagation survey of the region before the hiosignal tele-

metry is employed would be of value in minimizing false-alarm situations due to unexpectedly large 

attenuation losses. In cases where such losses are common, relay stations may be installed on top 

of a hill or on soar other high structure to provide, as necessary and feasible, line-of-sight 

communication. 

A false-negative alarm can also be produced when • guard is startled by a noise or movement. 

This is due to the fact that a sharp increase in heart rate is a major component of the "startle 

response," However, the duration of the fast heart rate, for most adult males, is on the order of 

one minute and very seldom exceeds two minutes before returning to normal. Thin, when a fast heart 

rate is detected, a timed delay of two minutes would be inserted before a red light appears on the 

display board at headquarters. r:lectrocardiac examination with simulated field situations would 

also be a factor in reducing the false-alarm rate and might reduce the necessary delay period 

as well. 

:TEGATIVE INDICATION OF A POSITIVE CONDITION 

A negative indication of a positive condition, i.e., a biosignal whose characteristics are 

within the normal range apparently telemetered from a guard who is in fact dead or injured is a 

"false-positive" alarm situation. The false-positive alarm, which would result in no help being 

sent to a guard who is in need, as well as in not providing the area with an alert when it security 

*
This section, as well as the entire Memorandum, does not treat electronic warfare situations. 

There are many applications for the suggested system where jamoing, spoofing, repeat-jamming, etc., 

do not enter, and at this time attention is directed only to those. 
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  is probably being breached, again depends on the failure rate of the components and circuits used. 

The probability of 4 false-positive alarm is, however, lessened by the fact that appropriate fail-

ures must take place during and after the guard hes been physically incapacitated. 

The circuit indicating change of impedance which would detect electrode removal would be help-

ful in minimizing an enemy-induced false-positive alarm situation. 

V. CONCLUDING REMARKS 

1. With respect to possible technical problems envisaged in the building and operating of the 

system, none is expected in the telemetry of the heart signal. The measurement and telemetry of 

heart rate has become standard practice when monitoring astronauts and hospital patiente, so that 

this eubsystem is merely adapted for use here. 

2. The telemetry of the reduced version of the EEG may introduce some problems because /any 

movement of the electrodes tends to distort the EEG signal. Often, too, muscular distention of 

the forehead or any portion of the scalp produces muscle potentials that override the low-level 

EEG. It is expected, however, that silver-chloride electrodes, the scarification procedure, end 

very firmly fixed electrodes would tend to minimize common EEG interference. An experimental pro-

gram intended to determine • possible change in electrode size and a different placement of elec-

trodes along the scalp, as well as a judicious choice of location for the EEC preamplifier, should 

be helpful in obtaining a signal less susceptible to pick-up of common muscle potential. of ordinary 

body movement. 

1. All guards participating in guard duty employing the biosignal telemetry system must have 

their electrocardiogram and electroencephalogram taken .during normal and hyperphysical activity to 

determine if any individuals possess abnormal physiological indicators. This examination should 

result in the elimination of most false-alarm risks. 

4. The order of difficulty in implementing thc biosignal telemetry system increases from 

ECG to EEG, while therost common result of a physical confrontation between the guard and an 

intruder would be indicated by the E. That is, killing or wounding the guard with a gun or 

knife would be indicated unequivocally by the ECG. An enemy may approach from behind and knock 

the guard unconscious if he is aware that only the ECG monitoring system is employed. With the 

modified EEC being monitored as well, the enemy, in order to maintain the element of surprise in 

his penetration attempt, would have to "hold up" the guard without harming him in any physical 

manna r . 

5. Whether a soft repetitive throet-clearing sound or the guard holding his breath is used 

Co warn the area's headquarters of capture, the guard should be trained in one of the chosen signal 

indications. The training would help develop a facility for emitting the repetitive sequence of 

three or more soft sounds; in the case of the guard holding his breath, the training would be used 

to eliminate those who are short of breath during stress conditions! 

6. Depending on the various requirements of the area to be guarded, not all of the three 

bioaignale need be monitored. For example, there may be instances where, based on requirements 

and on the area commander's Judgment, only one, say, the electrocardiac signal, need be monitored. 

*It is clear that when the enemy learns of this bresth-holding technique he may attempt such 
obvious countermeasures as holding a weapon to the guard's head and warning him to breath normally. 
This leads of course to the usual tradeoff consideration between desired security level and 
complexity/cost factors. A hybrid system involving a modified accelerometer subsystem and "dead-
man" switches as well as additional biosignals could improve the security level, but in many 
instances the simpler system, say only the cardiac rate signal, may be all that is necessary. 
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assistance in electrocardiograohyd (b)(6) and 

7. If portable radiotelephone (walkie-talkie) equipment is pert of the guard's equipment, 

the transmitter may be modified so as to modulate and transmit the sensed biosignals, thereby 

saving weight and cost. 
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Appendix A 

ESTIMATED WEIGHT AND SIZE OF THE GUARD'S EQUIPMENT 

The total weight of the portable tole:wry equipment to be carried by the guard will be less 

than three pounds. This weight is composed primarily of batteries. For an assumed radiated power 

of 5 watts and a system conversion efficiency of 50 percent, a 10-watt supply is required. A 

standard off-the-shelf battery weighing twenty-three ounces will supply this power for eight hours. 

For purposes of comfort, the battery, whose size is a bulky 2" x 11/4" x ir ,  may be hung from the 

guarPs belt. A less bulky battery package consisting of a long slender container may be designed. 

This would result in a better weight distribution when worn on the belt. The entire transmitter, 

approximately ten ounces in weight, will be transistorized using miniature components throughout. 

Its site will be equal to that of a package of "king-size" cigarettes. The transmitter may be 

placed in the breast pocket of the uniform. 

If protruding antennas are to be considered they may be telescopic in design, a foot or two 

at its maximum length. and attached to the helmet worn by the guard. If this attachment is not 

convenient, the antenna may be connected to a shoulder strap. Both antenna configurations have 

been and are used successfully for personal transmitter units in various military situations. 

The EEG preamplifier, whether attached to the inner ceiling of the helmet or placed in a 

shirt pocket, will not exceed three ounces in weight. This intludes the electrodes and electrode 

leads. An additional ten ounces maximum will include the antenna, chest electrode and leads, 

throat electrodes and necklace. 

A sketch of the various units of the biosignal telemetry system as worn by the guard is shown 

in Fig. 3. 

FIGURE 3. A GUARD WEARING 
THE RIOSIGNAL TELEMETRY 
EQUIPMENT 
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Appendix 8 

GRAPHTC DESCRIPTIOR OF THE PQRST WAVEFORM 

A graphic description of the ECG signal, the PQRST waveform, whose characteristics are within 

the normal range, is given in the sketch below. The waveform is composed of several sections, 

each preceding an actual muscular contraction. Thus, the P-wave, indicating auricular depolariza-

tion lasting from 0.08 to 0.11 seconds, is approximately 0.1 millivolts at its maximum. The QRS 

complex, representing the ventricular depolarization lasting about 0.08 seconds. is 1.5 millivolts 

at the peak of the R-pulse. The T-wave, which represents the ventricular repolarization, has a 

duration of about 0.16 seconds and is approximately 0.2 millivolt° at its peak. The U-wave is an 

"after-potential" wave which follows the T-wave. Its maximum level is 0.03 millivolts and its 

duration is approximately .04 seconds. 
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ABSTRACT 
l°4104/M4OVIONIMS 

The Visual Reconnaissance (vi) Prigram in South Vietnam is a combined, but separately adminis-

tered, effort of the U.S. Army, U.S. Air Force, and Vietnamese Air Force. VR is presently the pri-

mary means of detecting and quickly responding to Viet Cong (VC) novement. In addition, VR serves 

the following important functions: to gather and evaluate "fresh" target information useful to all 

friendly military and intelligence organisation, to detect (and thereby deter) the rsssing of enemy 

personnel and the movement of supplies and troops, to provide battle area information to ground com-

manders, and to demonstrate SVN/US "presence" to the populace and to the VC (perhaps most important 

in those many areas where friendly forces rarely venture). 

The paper qualitatively describes the separate VR programs and quantitatively analyzes both the 

target sighting results and the flying program for each service. Suggestions to improve the program 

are offered in the following areas: The need and capability to increase Vi, utilization of VR intel-

ligence, hardware aids to VA, nighttime VP., VP. aircraft, Vietnamese observers, and topics for future 

study. 
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PREFACE 

This Report, sponsored by the Advanced Research Projects Agency's AGILE program, documents, 

analyzes, and suggests improvements In the airborne visual reconnaissance program in South Vietnam. 

The study was initiated in September 1965 as part of a larger RAND study of Forward Air Control. 

Field work in South Vietnam vas conducted from December 1965 through March 1966. 

The visual reconnaissance portion of the study is reported first because the findings have had 

some, and may have additional, immediate effect upon the visual reconnaissance program in South Viet-

nam. Field work revealed that the program needed documentation at an early date, lest other demands 

for Cessna 0-1 aircraft resource, cause the program to falter. 

Informal briefings and suggestions were given to Military Assistance Command-Vietnam (MAC-V) 

Pacific Air Forces, and 7th Air Force personnel during the course of the field study. At the time 

of the study team's departure from Vietnam, some of the suggestions in this Report had been adopted 

by 7th AF and others were being studied. 

In part, the study is a field evaluation of a previous RAND study (b)(6) 

Southeast Asia Trip Report, Part II--SIAT: The Single Integrated Attack Team, A Concept for Offen-

sive Military Operations in South Vietnam (U), RM-4400-PR (Confidential). This Memorandum suggested 

a widespread visual reconnaissance program in South Vietnam, to be closely coordinated with aggres-

sive ground patrols. 
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SUMMARY AND SUGGESTIONS  

This study examines the visual reconnaissance (VR) program as it was constituted in late 1965 

and early 1966. The goals, uses, organization, level of effort, results, and productivity of VR are 

examined. Suggestions for immediate and future program improvements Cr. offered, and problems re-

quiring further study are noted. The Marine airborne observation program and out-country operations 

are not discussed. 

Airborne VR can supplement, but never replace, such standard military reconnaissance collection 

techniques as vigorous ground patrols, agent reports, and electronic monitoring. However, the lim-

ited amount of territory under friendly control at any one time and the acknowledged insufficiency 

of these more standard techniques in spotting enemy movements have contributed to what the autLors 

feel is a relatively high intelligence productivity from VR: VR is, and likely will continue to be, 

the primary means of detecting and quickly respon ing to VC movement, even though the 

probability of detection of movement is quite low. These statements, plus the knowledge that many 

relatively low-value interdiction (ID) targets arc currently being struck in South Vietnam, point 

toward increasing the level of the VR effort in order to detect additional high-value ID and 'move-

ment" targets, thereby further restricting VC operations. 

The overall effort has been less coordinated and prodective than "VR program" implies. There 

have been essentially three separate and distinct efforts: USAF, USA, and VNAF. To a very consider-

able extent, this has been the result of VR being considered, at most, • secondary role for the liai-

son aircraft. Higher priority roles are airstrike control missions for USAF; artillery adjustment, 

raiio relay, and convoy escort for USA; and airstrike control missions and administration liaison for 

VNAF. In addition, there has been a paucity of knowledge concerning the utility and effectiveness of 

the VR effort, due partly to a lack of analysis. 

The bulk of the VR effort is conducted by the 362 Cessna 0-1 aircraft*  which are based in each 

of South Vietnam's 44 Provinces. These aircraft average slirhtly less than 2-1/2 flying hours per 

day; roughly half this time is devoted to VR. 

For visual reconnaissance rurposes, South Vietnam's 66,000 sq ani have been divided into 214 

separate arms, roughly corresponding to the Districts within the Provinces. The VR pilots feel 

that the average flying time to perform a reasonably complete visual reconnaissame of the area is 

about 2 hours plus 1/2 hour transit time. The areas are classified as "critical" or "routine," 

based on their military situation and the productivity of VR in the area. Coverage of "critical" 

areas (generally coastal and lowland populated areas and border areas) are scheduled roughly once 

each day; "routine" arae's (generally heavy foliaged, mountainous, and low-population density areas) 

are usually covered twice a week. Currently, an average of 65 percent of the VR areas are being 

covered daily. 

*
As of 28 February 1966. The 0-1 was formerly designated the L-19 by U.S. Army, 
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A "significant" VR sighting (significant enough, in the VR pilot's opinion, to be formally re-

ported) occurred roughly once every , sorties, or every 6-1/2 flying hours; a significant sighting 

which involved movement of persons or equipment occurred only one quarter as often. The pilot rec-

ommended military action (airstrike, naval gunfire, artillery adjustment, or ground action) against 

roughly 25 percent of all reported sightings. In some 30 percent of the cases for which the pilot 

recommended military action, the same pilot, while still airborne, directed the action or helped 

carry it out. The reporting of significant sightings differed widely among the Corps and services; 

for example, while the USA and USAF reported many sightings in I Corps, no VNAF or USA TV Corps 

sightings were reported to 7th AF Headquarters Intelligence, MAC-V or the Combined Intelligence 

Center-Vietnam (CIC-V). 

The moat productive hours for VR sightings of enemy movement are established in the study; by 

far the most productive hours were those in the late afternoon and early evening; the least produc-

tive hours were those during the noon-to-3-p.m. "siesta" period. The aircraft .ftilisation and VR 

flying hour distribution with time of day were such that productivity was far below its potential; 

the bulk of the VR activity was concentrated around 9 to 10 a.m. and 2 to 3 p.m., with virtually no 

dawn or dusk flying. 

Flying hours per month per 0-1 aircraft range from 35 for VHAF, through 70 for USA, to 95 for 

USAF; yet ouch a comparatively simple aircraft should be capable of operating 200 hours per month, 

even assuming operation solely in daylight. Reasons given by 7th AF**  for low utilisation rates 

were lack of pilots and inadequate maintenance capability. It is shown that sufficient 0-1 aircraft, 

qualified pilots, and maintenance capability may be available in the theater to support a doubling 

of the VR flying program. 

The 0-I aircraft has marginal flight performance and has had a rather high loss rate (about 

one aircraft loat per 4000 flying hours, both combat and operational). On the other hand, the ex-

cellent visibility afforded its aircrew, its wide range of radio communications gear, its compara-

tively low maintenance costs, and its ability to operate out of very short rough airfields, arc ex-

tremely desirable attributes. 

SUGGESTIONS  

Increasing the Level of VI Effort  

An accurate prediction of the benefits of an increase in VR effort cannot be made. However, 

our understanding of VC movement requirements, plus the additional intensity and breadth of coverage 

afforded by a doubling of the VR effort, lead us to suggest that the number of movement sightings 

would be more than doubled. 

*
Very little VR flying was accomplished after sunset or before sunrise. Hence, the productiv-

ity of nighttime VI remains to be established. 
** 

Only USAF was queried on maintenance. 
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The capability to support this doubling of VR flying within the current in-country aircraft, 

pilot, and maintenance resources is shown in Section VI. Although an immediate increase is both 

cesirable and feasible, a sustained increase would have to be supported by additional equipment and 

personnel to offset the increased aircraft attrition and for contingency planning needs. 

We are not considering at this time •lternats twee of increased 0-1 flying. Additional s-r-ort 

of the out-country ID effort or the application of TAC/VR resources to the South Vietnamese Pacifi-

cation Program are other potential candidates for increased 0-1 flying activity. 

Utilization of VR Intell1Kence  

Except for a few outstanding cases. VP. in SVN has been a separate effort by each of 

the services involved, and within each service the VR effort has not been organized and directed to 

maximize its effectiveness. Maximum VR effectiveness requires a recognized "Vi  Program." 

Although a trial reorganization of all 0-1 aircraft and pilot resources is underway in IV Corps, 

VR is well down on the mission priority list and receives little special recognition other than a 

desire to make maximum use of existing 0-1 resources. It is not suggested that VR be performed with 

a separate group of resources, but that the overall effort be coordinated and expanded  as follows: 

o Develop an integrated capability to compile, monitor, and analyze all of the VR intelligence 

to have dctailed knowledge of the current methods of VR operation and actual and likely VC 

counteractions, so that the UR program can be more adaptive to changed conditions. Specific 

items requiring continuous monitoring and analysis are movement sightings per VR flying hour, 

sighting of an unusual amount of VC activity 4 to 15 km ahead of A friendly opera-

tion (the so-called "bow-wave" effect), and patterns of VC unit movements in the presence or 

absence of friendly activity. 

o Produce, disseminate, and constantly update a loose-lec book concerning: 

a. VC operating procedures, VR countermeasures and ruses 

b. "Preferred" VR procedures for varying types of terrain, population, military orders of 
battle, etc. 

c. Techniques and procedures for VR pilots 

o Design and monitor a uniform reporting system. 

o Assign intelligence personnel, possibly noncommissioned officers (NCO') to each VR base location 

for debriefing and assisting in certain of the VR aids discussed below. 

VP. Aids 

There are several devices which are now available, or should be available in the near future, 

to aid em VR mission: 

o Cameras and Processing Equipment. Some VR pilots are now provided with hand-held cameras, 

but insufficient attention has been paid to processing and dissemination. If cameras were 
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-4925-ARPA, Airborne Night-Vision Systems for Counterinsurgency (U), 

, to be published, Secret. 
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more widely distributed, if rapid processing were available, and if dissemination procedures 

were developed, the output would better serve immediate intelligence needs and provide a 

permanent visual record. A "footlocker" film developing kit available to the proposed In-

telligence NCO at Province or Division level would provide a timely and relatively inexpen-

sive means for permanently recording VR intelligence and briefing Army and Air Force person-

nel. 

o Tape Recorders. A lightweight (2- or 3-1b) portable tape recorder wired into the VR pilot's 

headset would allow a permanent oral record of significant sightings and other information 

which is now memorized or written on the windshield or map with a grease pencil. The 

Intelligence NCO could transcribe the tape, distribute copies and keep files by date, 

area, and target type. 

o Binoculars. Experiments with binoculars in VR aircraft have so far ptoven largely unsuccess-

ful because of their bulk and the "jitter" and re-orientation problems. At least one U.S. 

manufacturer (Bell & Howell) is well along in developing lightweight, hand-held, optically 

stabilized zoom binoculars. It is suggested that the development progress be monitored for 

VR pilot use. Higher and hence safer VR aircraft altitudes should be possible using binocu-

lars. 

Nighttime VR 

At present there are enough well-documented cases of successful VR and airstrike control at 

night in SVN to indicate that the searching of areas having a high expectancy of VC activity, such 

as roads and canals, should be standard operating procedure when the moon provides sufficient illum-

ination. 

Although the few field tests of night-vision devices (NVD) have been inconclusive, there is great 

promise in the near future for an improved, stabilized system for use over areas of suspected VC 

activity. A prototype system could be operational before 1967.*  It is suggested that advanced de-

velopment and field testing of these devices be pursued as a high priority item for VR use. 

VR Aircraft  

The 0-1 is probably the best available aircraft for performing the VR mission. The aircraft 

offers a unique combination of good viewing for pilot and observer, versatile radio communications, 

easy maintenance, and takeoff and landing capability on shor!-  and rough fields. However, serious 

performance limitations such as its top speed, rate of climb, and maximum gross weight (which pre-

cludes the installation of substantial protective armor), render it vulnerable to ground fire. 



The performance of the 0-1 can be greatly improved at a small cost almost immediately by in-

stalling a larger, commercially available engine. The new engine and a few additional modifications 

can increase the top speed of the 0-1 by about 50 percent and can more than double its rate of climb. 

In addition, it can allow crew and critical engine protective armor to be installed, more smoke roc-

kets to be carried, or the range to be increased. Furthermore, some armament could be installed. 

Any follow-on VR aircraft should retain the many good features of the 0-1 (low initial cost, 

good viewing for the aircrew, versatile radio communications, easy field maintenance, and short and 

rough field operating capability), but have improved performance, some armor protection, a lower 

noise output, provisions for NVDs, and provision for a minimal armament capability. 

Vietnamese Observers 

At one time the rules of engagement specified that a Vietnamese observer be in the rear seat 

of the aircraft on all missions. This is still common practice in a few of the Provinces, but the 

majority of U.S. VR missions carry only U.S. personnel. We suggest that an effort be made to reac-

tivate the former policy because Vietnamese observers usually have a superior knowledge of: 

o peasant living habits and customs 

o terrain 

o VC operations 

o Vietmamese language 

The practical problems are the shortage of English-speaking Vietnamese observers and the possible 

conflicts in authority and responsibility. 

Topics for Future Study  

o Alternative Uses of 0-1 Aircraft Resources. This Report concentrates on the VR program 

and does not discuss the several other important roles played by the 0-1 in Southeast Asia. Two 

topics which are closely related to SVN VR activities are (1) the ongoing and future role of VR in 

interdicting out-country Lines of Communication (LCCs), and (2) what VR could do in direct support 

of the Province Pacification efforts (possibly working cl)sely with Popular Forces/Regional Forces, 

U.S. AID personnel, District level VN personnel, and the pey-war effort). 

o Armament an VP. Aircraft. This is • complex question with strong arguments on both sides. 

Very briefly the arguments are: 

Pro-Armament 

a. Small, fleeting targets (for which political approval could be granted) are often 

spotted by VR pilots, yet strike aircraft often cannot arrive in time to attack, or 

the target is not "worth" a large ordnance expenditure. 
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b. 'Tin by fire" tactics could be employed by VR pilots to keep an enemy unit ftor moving 

before strike aircraft or artillery can respond. This tactic is sometimes used by USA 

"Mohawk" ((V-1) pilots. 

c. VR pilots' morale should improve since they could "defend" themselves. 

Anti-Armament  

a. VR pilots might tend to become "fighter pilots" and hunt mostly foe targets they could 

attack alone (U.S. armed helicopters, when not operating in support of heliborna opera. 

tions have exhibited this tendency). 

b. With armament VR pilots would take more chances and become more vulnerable. 

c. An incentive would be provided to circumvent the rules of engagement (which are presently 

well observed by VR pilots). 

The validity of the above statements plus other information should be explored to provide a 

rational answer to the armament question. 

o Effects of VP. Aircraft Speed on Sightings and Vulnerability. The affect of speed upon the 

ability to detect targets and upon VR aircraft vulnerability should be measured by conducting opera-

tional tests. There is presently little data on this subject for the current operational environment 

and procedures. 

Many of the suggestions made here have already been fully or partially implemented by 7th Al or 

HAZY SS the result of the study team's work. 
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I WHAT IS r -CE VR PROGRAM? 

FUNCTIONS OF THE VR PROGRAM 

The YR program is a combination of USAF, USA, and %NAP efforts directed toward the accomplish-

ment of the following functions. The functions are not independent nor are they listed in order of 

priority. 

o To secure timely intelligence on enemy forces, facilities, and activities. 

o To detect the massing of enemy personnel and the movement of supplies. 

o To become intimately familiar with normal activity and terrain so that abnormalities in the 
pattern may be detected through repeated and systematic coverage of the sane VR area. 

o To develop tactical targets. 

o To determine areas of high VC activity and VC control. 

o To provide battle-area information to ground commanders, including the disposition of friendly 
and enemy troops and after-action ssssss meant. 

o To provide timely response to requests for VR or photographs of areas of special interest. 

To provide a synopsis of local topography, salient terrain features, and seasonal weather. 

o To obtain evasion and escape information for use by friendly personnel. 

These goals are not explicitly stated in any VR directive; however, leny of them can be inferred 

from 2nd AD regulation No. 55-53, "Operations, Visual Reconnaissance." 

VR AIRCRAFT  

The bulk of the VR effort in SVN is conducted by this various versions of the Cessna 0-1 aircraft, 

referred to as the "Bird Dog" by friendly forces and the "Old Lady" by the enemy. This aircraft is 

exceptionally small and lightweight (wing span . 36 ft and normal in-theater maximum operating gross 

weight . 2600 lb). It is a two-place craft (tandem seating), although it is normally operated by the 

pilot alone. Its normal cruise speed is about 90 kn and top speed 100 kn.*  Its ruggedness, the ex-

cellent visibility afforded to its aircrew, its wide range of radio communications gear, its relative-

ly low maintenance. Costs, and its ability to operate out of extremely short rough airfields all 

contribute to its excellent VI performance. The 0-1, however, has shortcomings which degrade its VR 

capability. It is vulnerable to small-arms fire at low YR altitudes due to its low rate of climb 

(600 ft per min), its lack of installed armor, and its 90-kn cruise speed. 

Other liaison aircraft, such as the USA "Mohawk" (0V-1), are not generally used for VR. 
Therefore, 

unless stated to the contrary, YR in this study refers to YR operations by the 0-1 aircraft. The 0-1 

has other missions, including strike' control; visual, infrared and photo reconnaissance; administra-

tive liaison; escort and air cover; and pay-war. VR is not the first priority for allocating 0-1 air-

craft and pilot resources in any of the services (USAF. USA, or VNAF). 

Assuming the 0-11 with fixed-pitch propeller. There are a number of 0-1is in-theater that have 

a slightly higher top speed. 
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CONCEPT OF VR OPERATIONS  

The concept of operations differs widely among the services. This is due to differing command 

relationships over the 0-1 resources and the differing services' priorities for use of these re-

sources. 

USAF operations are founded on the theory that FACs and their 0-18 should be stationed down to 

Sector (Province) level in order to become thoroughly familiar with friendly forces, civil sdmiuis-

tration, terrain, movements of the local populace, and enemy method of operations. In addition, USAF 

(AL0s) assigned to support ARVN ere stationed at Division and Corps levels (in support of USA units, 

USAF ALOa are assigned down to Battalion level). 

The assignment of FAC/0-1 resources to each Corps is determined at the TACC; assignment within 

each Corps is determined at the DASC. Rowever, the day-to-day scheduling of 'FR is usually handled at 

Division level--generally by the ALO who considers airstrike-control needs, VR needs expressed by the 

FACs and the Sector Intelligence Officers (S-25), and other 0-1 mission needs. 'FR missions are sched-

uled after the strike-control miesions hove been assigned--that is, the amount of USAF 'FR depends 

upon the time remaining after strike control. Although • PAC's first mission priority is air-

strike control, VR is one of the principal means of acquiring and verifying targets. 'FR may be per-

formed immediately before a scheduled airstrike, often leading to a change in target (with the appro-

priate political and military approval). 

Generally, a FAG works closely with and advises the Province Chief or his Deputy, the Sector Op-

erations Officer (S-3), and the Sector Intelligence Officer (both USA and ARVN)--esrecially in the 

constant updating of reports of movements and significant changes in his area. 

USA 1O(A)/0-1 resources are classified in two categories: those "organic" to a Division (the 

relatively smell number in U.S. Tecticftl Areas of Operational Responsibilities (TA(Rs), and those 

assigned to the four Light Observation Companies, one in each Corps Tactical Zone (OTT). Each USA 

Corps Senior Advisor has direct control over one Company. Within each Corps the FO(A)/0-1 resources 

are more often shifted from area to area, and they are based at fewer locations than FAC/0-1 resources. 

Missions for the USA Light Observation Companies, in approximate general priority, include: Az-

tillery/Raval gunfire adjustment, radio relay, convoy/ship escort, VP., and courier/liaison support 

(generally, the FO(A) does not control airstrikes). USA VA tends to be concentrated on the battle-

field area and its environs—concerned Largely with obse7ving and dealing with enemy activities and 

facilities which may pose an immediate threat to friendly ground forces. 

Detailed information concerning VNAF 0-1 utilization and concept of operation. were difficult to 

obtain. Until very recently, the four VNAF Squadron Commanders had almost complete control over 0-1 

activities. Most VNAF flying was sirstrike control, combat support, and administrative liaison sup-

port. Little VR flying was conducted and no VR debriefing reports, VR flying hour data, or mainten-

ance data were available in U.S. channels. 
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• 
VNAF observers (rated rear-seat officera in VNAF) are not based as widely as either USA or USAF 

0-1 pilots. Also, there were no VNAF ALOs stationed below Corps level. 

RECENT CHANGES IN CONCEPTS AND ORGANIZATION 

Agreement on 0-1 Resources  

The most significant recent development has been an agreement concerning 0-1 resources in IV 

Corps. This agreement represents the first major step towards an integrated allocation of 0-1 re-

sources and an integrated VP. effort.*  The plan is being tested in IV Corps for possible application 

throughout Vietnam. The draft plan calls for the following changes relative to VP.: 

a. USAF/Corps/Division ALOs would have "operational control" of all USA non-organic 0-1 re-

sources ("operational control" is defined as "complete responsibility for aircraft utiliza-

tion"). 

b. Scheduling of all 0-1 missions would be done by the ALOs in response to the USA Corps Senior 

Advisor and Tactical Operations Center requirements. 

c. The Corps Senior Advisor would prepare the VR plan and would assure that a Sector Intelli-

gence Officer debriefs all pilots. 

d. The list of 0-1 mission priority is to be as follows: Airstrike control, artillery/Naval 

gunfire and adjustment, radio relay, VR, convoy/ship escort, other (liaison, courier, trebl-

ing). 

e. The Army FO(A) may direct airstrikes when a FAC is not available. 

In essence, the plan specifies that the USA Corps Senior Advisor will decide how the 0-15 are to 

be used and the USAF ALOs will schedule aircraft to meet these requirements. 

VNAIP 

It is understood that VNAF is planning to assign at least one FAC to each Province Headquarters 

for VP., to control airstrikes, and to advise--a concept pioneered by USAF FACs. Hence, the VNAF 

FAC will also be working closely with the province staff. 

SPECIFICS OY THE 0-1 VISUAL RECONNAISSANCE FICCRAH 

The 0-1 aircraft sortie utilization by mission type for the three services (USAF, USA, and VNAF) 

is shown in Chart I. The ratio of VR missions to total missions varies among the services --roughly 

0.63 for USA, 0.56 for USAF, and 0.11 for VNAF. For all types of reconnaissance, the corresponding 

figures are 0.78, 0.56. and 0.19, an even more marked difference. The explanation for these differ-

ences have been discussed above. These appreciable differences should be borne in mind when average 

Ooly in draft form when the RAND study team departed from Vietnam. Also, the extent of VNAF 
participation was not determined. 
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figures are quoted; e.g., although roughly half of all 0-1 flying hours are VA, the figure would be 

appreciably higher if PUP were excluded. 

Chart 2 shows the division of in-country VA effort among the three services for the month of 

January 1966. Measured in sorties, the effort is divided into 4800 for USA, 3500 for USAF, and 200 

for VNAF; • toLal of 8500 sorties. Of the 12,500 total flying hours devoted to visual reconnaissance, 

USA flew 7200, USAF flew 5000, and VNAF flew 300. 

The 0-1 aircraft are widely based throughout all of SVN. Many of the bases are suitably only 

for an aircraft of this type as they have rough fields and runway lengths as short as 1000 ft. The 

53 USAF 0-1 haseo as of January 1966 are shown in Chart 3. The maximum distance to any point within 

SVN from an 0-1 base is about 50 n mi or 1/2-hr flying time. To an extent, this large basing system 

diminishes the need for a PAC aircraft having appreciably higher cruising speeds, particularly if 

the higher speed aircraft are ',.nable to operate at the extensive rudimertary bases from which 0-1 

operations are conducted. 

The portion of the total 0-1 force devoted exclusively to VA can be determined from the ratio 

of VA flying hours to total flying hours. Chart 4 shows the owned 0-1 force and the portion which 

can be considered as in-country "VA Only" aircraft. The ratios of "VA Only" to total aircraft are 

0.77 for USA, 0.42 for USAF, and 0.11 for VNAF. Of an all-service total of 362 0-1 aircraft, 177 

(or 49 percent) may be considered "VI Only" aircraft. 

Chart 5 shows the average daily coverage of the 214 VR areas into which SVN has been divided. 

About 65 percent of the areas (or an average of 140 areas) are covered daily. Of the 170 areas 

covered, some 30 were covered by more than one service. Chart 6 shows the average daily coverage 

by CTZ. The poor weather in I and II Corps in January, particularly in the mountainous regions, ac-

counts for the lesser VII coverage by these two Corps. Coverage by the U.S. Marine Corps airborne 

observers in I Corps is not included. 
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naissance or for direct military action, and shows how often he controlled or assisted in immediate 

military action. Of the 434 sightings during the two-week period 7-20 December 1965 for all four Corps, 

the VR pilot recommended military action against 103 sightings. In 32 cases, the same VR pilot, while 

still airborne, directed or assisted the military action; in 17 of the cases he directed an airstrike, 

in 14 cases he directed or adjusted Naval gunfire or artillery, and in one case he assisted the 

ground commander in attacking a Viet Cong force. Hence, it is seen that a considerable fraction (24 

percent) of all reported sightings were of "lucrative" targets; further, at least 29 percent of these 

targets were of such a neture that immediate  military action was taken against them.** 

In addition to generating immediate-action targets, the VR program is a prime source of the pre-

planned air-targeting effort; during the USA FO(A) seminar at Dala in February 1966, the USA 

I// Corps G-2 was quoted as saying "60 percent of my air targets come from the VR program." All Corps 

intelligence officers indicated that VR was their most important and their most responsive intelli-

gence collection effort. The VR program is basic to MACV's (2nd AD) in-country air-targeting effort. 

At higher Hq, VR intelligence is often correlated utth other intelligence sources (such as radio di-

rection finding, infrared photography, and sioe-looking radar (SLAB) missions) not usually available 

to the Sector (Province) Operations Intelligence Center. 

Finally, VR and flash reports from FAC missions are the major sources of in-country bomb damage 

assessment and major contributors to all after-action assessment. 

— 
The term "VR pilot" is used to designate both USAF FACs and USA FO(A)s when they perform YR. 

*•* The study team did not ascertain the additional number of targets for which relatively im-

 

mediate military action was taken under the direction and control of another (subsequent) FAC/VR 
pilot. 
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II WHAT USE  IS BEING MADE OF VISUAL RECONNAMANUE7 

  

Some understanding of the uses of VR can be gained by studying the recommendations for further 

action shown on VR debriefing forms. Chart 7 shows VR pilot
* 

recommendations for additional recon-

 

 



W1lAT ARE THE RESULTS OF TEE viSUAL RECONNAISSANCE PROGRAM? 

The results of any intelligence collection effort are difficult to measure, but some subjective 

evaluation can be obtained by looking at the number and types of sightings and at the effect of sub-

sequent military action. The data to be discussed are "significant" sightings, i.e., VR pilot ob-

servations which were felt to be sufficiently important to merit formal reporting. 

Although a relatively Large number of "significant" sightings are reported each day (roughly 65), 

they occur relatively infrequently per VR sortie or flying hour: during last December and January 

there was roughly one significant sighting every four VR sorties, or every 6-1/2 VR flying hours. A 

significant sighting involving "movement" occurred about 1/4 as often. Movement sighting is a sight-

ing of activity or equipment which is not expected to be in its sighted location a short time later. 

Movement sightings generated by the VR effort are especially Important since they provide targets 

that are not available from other sources (euch as aerial photography or agent reports) in time to 

** 
be attacked. Chart 8 (2nd Al) Form 13) illustrates the form on which significant sightings are re-

 

ported. 

For analytical purposes, a dessiled listing of sighting categories was developed by the team. 

It is divided into three broad class ...cations: facilities, equipment, and activities. Sore 40 sub-

classifications were used in the study itself. Facilities include trails, bridges, cultivated areas, 

caves, huts, fortifications, and trenches. Equipment includes military weapons and vehicles (ele-

phants, water buffalo, and sampans). Activities include unidentified persons or Viet Cons hiding, 

running, shooti4 at the VR aircraft, engaged in combat or otherwise moving. 

Chart 9A shows the number of significant sightings reported in I Corps for each of the three 

major sighting categories and for both services, USA and USAF.***  The USA had more sightings than 

the USAF for this period, largely due to the fact that USA had 32 0-1 aircraft assigned to I Corps, 

while USAF had only 18. Further, in this Corpa (by local agreement), USAF flies principally along 

the Laotian border and in the interior of SVN (both of these areas are relatively low population 

areas), whereas the USA flies the more densely populated coastal areas. In I Corps, since there 

are few USA forces, the FO(A)s sometimes support the U.S. Marine Corps by having a Marine Observer 

in the rear seat. 

*However, it muet be noted that sane sightings by VR pilots are not reported if immediate mili-

tary action cannot be taken due to fear of compromise. 
** 

Thie form is currently used by USAF FAC/VR pilots, by USA FO(A)s and is intended for VNAF use. 

It is obvious that this form is of little use unless the remarks section is filled out. Fortunately, 

U.S. pilots have generally been entering the exact nature of the sighting in the remark section. How-

ever, the usefulness of the VNAF reports in U.S. channels is likely to present difficulty due to the 

language problem. 
*** 

During this sample period, 7-20 December 1965, and all subsequent sample periods, no VNAF VR 

sightings were found in any of the U.S. intelligence channels. However, the identical comment is ap-

plicable to the USA in IV Corps through mid-March. Also, USA in II Corps often reported "no signifi-

cant sightings." USAF sightings reports from IV Corps, and in particular from DASC-Alpha, were ex-

tremely meager per VR flying hour. A uniform reporting system should subetantially increase the num-

ber of significant sightings and hence our knowledge of VC activities, particularly in II and IV Corps 

Tactical Zones. 
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Charts 9B through 9D chow the detailed breakdown of significant sightings for all of SVN for 

the same time period (7.20 December 1965). Chart 9E compares, for given target categories, the per-

centages of total sightings reporaed by USA and USAF in the various CTZs. Note the general similar-

ity of the USA and USAF sighting percentages in I Corps and the dissimilarity for III Corp.. 

10. 
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IV, HO.i CAN THE VISUAL RECONNAISSANCE PROGRAM BE _IMPROVED? 

The effectiveness of VR may be markedly improved through a combination of changes, including 

the hour-of-day distribution of VR flying, the choice of VR search areas, the exchange of VR exper-

iences and information concerning VC activities and ruses, the VR "organization," and mechanical aids 

to the VR pilot including NVDs. 

HOUR-OF-DAY VR FLIGHTS  

The relative productivity of VR flying at various hours of the day Was an area of prime inter-

est during the study. Only the VR sightings associated with movement were examined, since the other 

types of sightings should not be appreciably affected by the time of day (excluding nighttime). Four 

types of movement were defined: (1) vehicular movement, (2) personnel trying to hide or evade, (3) 

firing on the VR aircraft, and (4) all types of movement, excluding ground fire of an unknown source. 

Chart 10A shows the VR productivity for ell types of movement, given as the probability of a 

sighting per VR flying hour. The most productive hours for sightings are just prior to the noon si-

esta period, in the late afternoon, ard in the early evening. This curve was developed by dividing 

the number of movement sightings in any one hour interval by the number of VR hour. flown in the same 

hour interval. Chart 10B, similar to Chart 10A, is based on the sighting of people who try to hide 

or evade when the VR at :raft approaches. 

Chart 10C shows the probability that the VR aircraft will be fired upon is essentially constant 

in the morning daylight hours, drops during the siesta period, and then increases in the late evening 

hours. Chart 100, the probability of vehicle movement sightings, is similar to Chart 10C. 

Chart 11, the flying hour distribution, shows the average number of VR aircraft i the air for 

** 
each hour interval. It is seen that the VR flying was largely concentrated around 9 to 10 a.m. and 

2 to 3 , .m., with little flying in the early morning or early evening hours. Since there was virtu-

ally no nighttime activity, it is not too surprising that no meveteent sightings (as shown in Charts 

10) occurred prior to 6 a.m. or after 8 p.m. 

When the differences in the VR flying hour distribution (Chart 11) and the most productive hours 

distribution (Charts 10) were revealed, 2nd AD took action to insure a more even distribution of fly-

ing hours, with special emphasis on early morning, late afternoon, and early evening flying. It is 

suggerted that charts such as Charts 10 and 11 should be kept current to detect any shifting in the 

hours of VC activity and movement, and to make appropriate changes in VR flying hour distribution. 

The sighting data are for all four Corps while the distribution  of VR flying hour data is taken 

only from USAF III Corps records. However, the distribution of VR flying with hour-of-day appeared 

to be approximately the same for all Corps and services. 

** 
These data are taken from 19th Tactical Air Support Squadron (III Corps) records, Form 781, for 

the first three weeks in January 1966. 
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Chart 12 shows the distribution of USAF VR mission duration in III Corps in January 1966. The 

very short duration "missions" result largely from missions which were primarily PAC during which 

VR was performed and logged. Note that the high points of the distribution occur at even multiples 

of 10 minutes. 

ENPROVED CHOICE OF SEARCH AREAS 

It is also possible to improve VR productivity by directing VR to areas where VC activity is 

expected. For example, there will often be sightings of individual VC or VC units in the region 

from 4 to 15 km ahead of the sweep of a military unit, even though the unit may have little or no 

contact with the enemy. This so-called "bow-wave" effect has been noted by some FO(A)s and FACs, 

but has not been exploited by assigning additional VR aircraft to the areas ahead of the ground 

units. 

In addition, research*  is beginning to show patterns of movement of a VC regional force (the 

514th Battalion). Due to feasible marching distances, the number of reasonably secure camping spots, 

the availability of water, etc., there are a limited number of places where a VC unit can camp. Ac-

cording to the unpublished research, the 514th Battalion has generally followed a clockwise movement 

within its region of operation. When the Battalion has been observed to deviate from its "normal" 

movement pattern, an attack has often occurred. Using such patterns of VC movement, VR effort can 

be directed to potential camp areas (where a higher sighting probability exists) and can assist in 

alerting friendly forces which may be subjected to attack. 

VR AIDS  

The effectiveness of the VR program can also be improved through the use of binoculars, cameras, 

** 
and tape recorders. Binoculars are government-issued equipment for USA FO(A)s. However, because 

of the combination of vibration and narrow field of view, many of the pilots have become nauseated 

when using conventional binoculars. A test of stabilized binoculars conducted in Vietnam in 1964 

was not completely successful because the gyro-stabilized binoculars were bulky and haavy end hence 

difficult to use. However, Bell and Howell has recently developed stabilised zoom binoculars, 2-1/2 

to 10 power, weighing only 4 lb., It is understood that these will soon be available for testing 

by the USA. 

Cameras have also been used to provide permanent records for later reference nnd for demonstrat-

ing to other pilots or to target intelligence personnel the exact nature of VR sightings. A recent 

test of the Nikon V camera was felt to be largely negative, not because of deficiencies in the cam-

era, but because (in USAF photo channels) it took from 7 to 21 days to process the 35-mm black and 

Study b  
(b)(6) 

_]Consultant to RAND in Vietnam. 
** 

USAF has some zoom binoculars for its FACs. 
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VC ACTIVITY INFORNATIO% AND EXCHANGE 

A prime function of the VA effort i:. the development of familiarity with the normal activity 

and terrain through systematic and repeated VA of a given area; this familiarity leads to provision-

 

al indicators of abnormal activity. 

Currently there is no organized USAF effort to provide the VA pilot with VC activity information 

(such as contained in Prisoner nf War (POW) interview material) or to provide the pilots an opportunity 

to exchange their experiences. Hence the "learning time" for a VA pilot is excessive. The USA has 

used the seminar as an effectiva device for transferring experience from one VR pilot to another and 

from one area to another. One of these seminars was held in Dalat in February 1966 and, although the 

subject of the formal sessions dealt largely with aircraft utilization, a wealth of information on VC 

activity wag exchanged during these sessions and during informal conversations that followed. It 

must be recognized that decisions on what is and what is not VC activity is in most cases inherently 

complex and subject to change. Both characteristics call for periodic seminars with appropriate dis-

semination to other intelligence activities. Examples of the type of valuable information which has 

been learned are: 

In I Corps a FO(A) could not identify the movement of VC units through his area. He 
soon recognized that the only major and legitimate movements of groups of people were 
the movements of farmers and peasant' to and from the markets, so he plotted the loca-
tion of each market and noted the hours and days on which they operated. With this 
knowledge, he was able to concentrate hie VR and identification effort on those groups 
of people who were moving contrary to the normal market activity movement. 

POW interrogations revealed that when the VC learned that the Americans believed the 
myth that all VC guerrillas wore black pajamas, an order went out to wear more white 
clothing. In addition, if VC units were observed on the road by VA aircraft, it was 
auggested that they stop and wave at the American pilots. This virtually guaranteed 
freedom from fire and succeeded until the VA pilots learned of an American unit being 
ambushed after passing through these white-clothed "peasants." 

It is suggested that a handbook be written which discusses patterns of VC activity and other 

useful VA information. The development of such a handbook (and it must be loose-leaf) will require 

the systematic effort necessary to extract and identify these patterns of activity, ruses, etc., 

from the bulk of intelligence data available. 

VP. ORGANIZATION  

The desired improvements in the VA effort will require the establishment of a recognized "VA 

Program." At present, the VR effort is split among USA, USAF, and VNAF; between intelligence and 

operations; and for USAF between the TACC and the 505th Tactical Control Group. 

An integrated capability should be developed to compile, monitor, and analyze the VA intelli-

gence, and to maintain detailed knowledge of the current methods of VA operation and actual and like-

ly VC counteractions. This will result in s VR program which can be effective and remain effective 

under changing conditions. 

VI pilots state that it takes them one to two months before they feel that they are reasonably 
effective. 
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white film. Second AD is understood to be installing processing equipment in each of the four Corps 

to decrease the processing time, 

As more intelligence detail is required, the pilot finds it difficult to enter all the infor-

mation on his map or window. A few of the pilots have purchased and are using tape recorders during 

their missions to record all the information for later transfer to their files or for use in formal 

reports or debriefing. 

Because of the reasonable cost of binoculars, cameras, and tape recorders and because some 

pilots find them extremely useful, they should be available to those pilots who wish them. 

Night-Vision Devices  

A major improvement in the effectiveness of VR could be obtained through (1) an increase in 

nighttime Vi activity and (2) the use of night-vision devices (NVD). Insufficient experience in 

nighttime Vi activity using the 0-1 aircraft is available to evaluate its effectiveness. Certain 

Vi pilots said that VR wax possible on moonlit nights along roads, rivers, and canals; others said 

that nighttime VR was not posAble because of terrain hazards and the types of airfields from which 

the 0-1 is operating. However, there are some examples of highly effective night YR. For example, 

in the Song Be area, a VC unit kept rebuilding a bridge across the river “, night, while n FAC kept 

it out of commission in daytime. One night the FAC performed low-altitude Vi over the area and no-

ticed the bridge being reconstructed; he requested and directed an immediate airstrike. The bridge 

was destroyed and many of the construction workers were killed, ending the VC attempt to rebuild the 

bridge. 

The NVDs tested in Vietnam by the Al Test Unit (Alit) ("Starlight," and the Crew-Served Weapons 

Night-Vision Sight, made by Ilectro-Optical Systems, Inc.) have been greeted with mixed reactions. 

The enthusiasts point to the marked success of 'Starlight," which, installed in an AC-47 flying at 

bodies were still in the area on the following morning, it is believed that roughly 200 fatalities 

2500 ft, detected a VC Battalion moving across a rice paddy at night in early March; since 57 VC 

were achieved. Other persons feel that, even on moonlit nights, the performance of the tested NVDs 

1 

is marginal; however, this may be caused by their narrow fie:d of view, jitter (leading to nausea and 

air sickness), necessity for refocusing, etc. In any event, in order to make effective use of NVDs, 

it will be necessary to use them in relatively narrow geographic areas where there is a high probabil-

ity of VC activity (i.e., roads and canals). An example of thim limited, but productive, area search 

is the USA's usage of Ii and SLAR on canals.  

RAND has just completed a study of NVDs which suggests the immediate assembly and test of a sys-

 

tem capable of detecting and striking enemy troops in the open on clear, moonless nights. It is 

(

4

be-

 

lieved that this system could be operational before 1967. 

b)(6) 

lie d, Secret. 
Night-Vision System for Counterinsurgency (U), to be pub-
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V. WOULD THE LEVEL OF VR EFFORT BE INCREASED? 

Implementation of the suggested measures for YR effectiveness, such as hour-of-day productivity 

end improved choice of search areas, should result in • markedly improved VP. program. Giver these 

improvements, should the VR flying effort be expanded, held constant, or reduced? Unfortunately 

this question cannot be answered without consideration of the relative effectiveness of alternative 

usages of the 0-1 resources (such as increased FAC rissions within SVN or in support of the SVN 

Pacification Program, or increased FAC and VR missions in out-country operations). 

The study team has not attempted to address the alternative usage problem. However, it is of 

the firm conviction that the VR flying effort should be at least doubled. And, since it is 

indicated Cm n the next section) t.,at en appreciable increase in 0-1 flying hours could be effected 

with essentially in-theater resources, and assuming that the present  division of 0-1 resource 

allocation is appropriate, then the alternate usage question may be somewhat academie.* 

Commanders were questioned es to what they would do with various levels of VP. effort. Chart 

13 shows four levels of effort: 1, 1-1/2, 2, and 2-1/2, corresponding roughly to the number of times 

each VR area in SVN could be covered on a single day. The present VR flying hour program of 12,500 

hours per month is slightly less than the "1" level. As can be seen, in all cases the commanders 

would expect to handle all special VR requests; their coverage of "critical" VP. areas (such as the 

border and coastal areas) would increase from once to twice a day; coverage of "routine" VR areas 

would range from twice a week to once a day depending on the level of VR effort; night VR ranges 

from none to "some." Lack of a complete understanding of the potential utility and productivity of 

VR is clearly shown: all levels were simply ses.ed upwards. No mention was made of items such as 

an appreciably expanded nighttime VR program, utili:etion of the additional flying hours for a 

vastly expanded reconnoitering of VC movement routes, or a concentrated effort in particular sub-

sections of the individual VP. areas. 

The reasons for suggesting an increased VR effort are discussed below. 

WHY INCAEASE TIM VP. EFFORT?  

Moving Targets 

Except for ground operations, VR is essentially the only means for generating moving targets, 

Movement sightings are of particular importance since they provide targets that are not available 

from other sources (such as air photography or agent reports) in time to be attacked. Many of the 

The 0-le available for FAC missions should also be increased. For example, in 111 Corps for 

the months of December 1965 and January 1966, some 1300 pre-planned mission requests received at the 

DASC (out of a total of 3800 requests) were not honored due to lack of PAC aircraft or fighter 

aircraft. Roughly 2/3 of the 1300 nonhonored requests were due to lack of FAC aircraft while 

only 1/3 were due to lack of fighter aircraft. 
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movement sightings are highly lucrative targets—sampans and VC units. During last December and 

January in III Corps, some 23 percent of all requests for immediate air response were for use 

against "fleeting" targets. However, during the sane tine period, movement sightings of all type. 

were only being reported at the rate of 17 per day (0.4 per Province per day). Yet the POW-

Interview material indicates that many VC units move daily. As yet our VI effort is not generating 

even a small fraction of the potential moving targets. A doubling of the VI effort, with emphasis 

on enemy LOC", should more than double lucrative VC movement targets. 

Static Targets  

Currently, many knowledgeable people are questioning the usefulness of attacking certain of the 

03 Strategic InterdicrtOn Targets*  which comprise essentially half of all of the preplanned missions 

which are supported (i.e., flown per the Fragmentary Order). Further, out of those missions which 

are honored (i.e., for which Fragmentary Orders are written), roughly half are not supported (i.e., 

not flown per the Order). Roughly 1/4 of these nonsupported missions were diverted to immediate 

requests (defined as respoose in less than 3 hours) for air support, while roughly 3/4 were 

utilised against "more lucrative" targets than those of the Fragmentary Order. 

Hence, there are two interrelated problem': (1) certain of our currently preplanned targets 

are perhaps of marginal value, as indicated by the fact that essentially half of the preplanned 

missions are not flown as scheduled, and (2) the nature of the environment is such that it does not 

lend itself to the lag of one day between planning and execution.***  The nature of the environment 

is the crucial item. The lag between tutelligenee acquisition and action must often be short (a 

few hours at most) if the action is to he effective. For example, "static" targets, e.g., VC 

concentrations, are actually "mobile" targets temporarily at rest. Although many of these targets 

may be received through agent reports which fix the ieneral location, extensive VR is often required 

to fix their exact locatiou before military ection can be applied. For targets of this type, 

*
Mission priority is 

A. Troops engaged with the enemy 
B. Major ground operation' support 

C. Air cover (generally escort of convoys or ships) 
D. All other 

DI - affecting current operations 
02 - Fleeting Targets 
03 - Strategic ID Targets 

iste 
For example, in III DASC last December and January, 1572 preplanned missions were scheduled, 

but 701 of those missions were not flown against the plenned target. Of the 871 preplanned missions 
which leers supported, 447 were against the lowest priority targets (03). 

me* 
All preplenned mission requests are to be in the UASCs by approximately 10 a.m. They are 

then passed along to the TACC for possible scheduling the,  following day. 
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sufficient 0-1 resources should be available to permit an intensive VI effort, such as 

simultaneous search of the general area by several VA aircraft. 

Certain targets, such as VC bases or storage areas, can only be determined through prolonged 

and intensive Vi effort. For example, in the highlands of I Corps, agent reports gave the 

approximate location of a large VC base; however, it required 14 ruccessive daily VR missions 

before a single structure of the base was located. The base was then bombed for several successive 

days since Vi following each strike uncovered new strike areas. 
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VI. CAN THE LEVEL OF VP. EFFORT SE INCREASED? 

Given additionml resource., effort can always be increased. The question explicitly addressed 

in this section is, "can the level of VR effort be appreciably increaaed without appreciable augmen-

 

tation of the in-theater reaourcea?" It is indicated that the level of VR effort can be essentially 

doubled immediately provided that: 

o If the fraction of VR effort to total effort remains as at present, the 0-1 aircraft 
flying hours (per aircraft per month) can be increased to 70 hours for VNAF, 140 for 

USA, and 190 for USAF. However, if the non-VR flying remains at its present level, 
then the utilization rate would only have to increase to 43 hours for VNAF, 124 for 

USA, and 135 for USAF. Utilization of as such as 200 hours per month per airplane 
appears wholly practicable for the 0-1 type aircraft. 

• All 0-1 pilots in-theater can average on the order of 85 to 100 flying hours per 
month. 

• The 100-hour periodic checks on aircraft can be more carefully scheduled and/or 

the periodic' can be performed at more locations. The Unit Manning Document (1/10) 

for critical specialists can be filled; additional stocks of 0-1 parts are acquired. 

For • sustained increase in effort, additional aircraft and pilots will be required, particu-

larly if the 0-1 attrition rates again return to the high levels experienced during the first eight 

month. of 1965. 

A commander has three types of resources to generate flying hours: aircraft, affected by the 

attrition rate, not because of the coat of the aircraft, but because of the relatively few 0-1 

aircraft that are available; allots, each affected by the expectancy of survival during his tour 

and the number of hours he ten reasonably be expected to fly each month; maintenance, affectld 

primarily by the utilization rate of the aircraft, which ia interrelated with aircraft scheduling, 

the number and training of the maintenance personnel, and spare parts atockage. 

REQUIRED NUNSER OF AIRCRAFT  

Chart 14 ahoy' the effect of aircraft utilization on the number of "VR Only" aircraft required 

to obtain different levels of VR effort. Three utilization rates aro illustrated: 35 hours • 

month per aircraft, the preaent rate for VNAF; 70 hours per month, the programmed rate for USA; and 

95 hours per month per aircraft, the recent USAF rate. The vertical line indicates the present 

level of VR flying hours (12,500 hours per month) for January. This level of effort could be 

obtained with 132 "VR Only" aircraft uaing the current USAF utilization rate, 179 aircraft using 

the USA rate. or 357 aircraft using the VNAY rate. Looking at the problem differently, with the 

177 aircraft, which compose the in-country "VP. Only" portion of the 0-1 fleet, only about 6200 fly-

ing hours per month can be generated with the WRAF utilization rates, but about 16,700 flying hours 

per month using the USAF rate. 
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It is definitely feasible to consider increasing 0-1 utilization to 6 to 7 hours per day (or 

to about 200 hours per month) even assuming that VR flying is limited to the daylight hours. Chart 

15 shows that the current Vi effort can be nearly tripled if a utilization rate of 200 hours per 

month per equivalent vVR Only" aircraft can be achieved. Such a utilization rate is practicable 

since the Vi effort will be flown fairly uniformly throughout the dsylight hours, and the daylight 

limit (360 hours s month) is adequate to permit a reasonable turnaround of the aircraft during the 

daytime hours. Chart 16 shows the incremental number of "Vi Only" aircraft required (aver the 

current 177), corresponding to various levels of Vi effort and aircraft utilization rates, Note, 

however, that the utilization rates in Charts 15 and 16 apply or.aly to the "VR Only" aircraft and not 

to the entire 0-1 fleet. 

Hence, for a doubling of the Vi effort (assuming the fraction of vR effort to total effort 

remains as at present), the 0-1 flying hours per aircraft per month would only have to increase to 

70 hours for VNAF, 140 for USA, and 190 for USAF. And, if the non-Vi flying were to remain at its 

present level, then utilization would only have to increase to 43 hours for VNAF, 124 for USA, and 

135 for USAF. 

PILOTS 

Chart 17 shows the number of Vi pilots required to achieve a given number of total Vi flying 

hours per month as a function of the average monthly flying hours per pilot. The average rate for 

USAF FAC pilots currently is approximately 80 hours per month per pilot. However, certain PAC' 

stated that they occasionally flew 100 to 120 hours per month. 

The March 1966 USAF MID provided for 287 FAC/ALOs (0-1 pilots) for in-country operations. 

Although the USAF has about 300 0-1 qualified pilots in-theater (as of mid-March 1966), excluding 

certain of the key DASC and TACO personnel, certain of these personnel are temporarily assigned to out-

 

country projects. The USA and VNAF, since they own some 231 0-1 aircraft, probably have at least 

300 0-1 pilots. Renee, the total number of 0-1 pilots in-therter is probably in excess of 600. If 

doubling the Vi effort were considered (again assuming the Vi •ffort remains at roughly half of the 

total 0-1 flying effort), then roughly 250 to 300 "in country Vi only" pilots are already available. 

If all of these pilots can average from 85 to 100 flying hours per month, the goal of doubling the 

Vi of fort without bringing additional pilots into the theater would be achieved. 

MAINTENANCE  

The achievement of a higher utilisation rate may require additional maintenance personnel. 

Lack of maintenance scheduling for the 100-hour periodic check and lack of key specialists and parts 

appear to be the critical factors in the USAF 0-1 utilisation it this time. The USAF UMD provides 

four maintenance personnel per aircraft, or approximately nine hours of direct and indirect 
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maintenenee per flying hour. This contrasts with one to two hours of direct and indirect mainte-

nance in the United States for aircraft of similar complexity. 

ATTRITION  

Aircraft attrition is partieulzely important, not only because of pilot casualties, but because 

of the limited number of VI aircraft which are currently available in-theater. The 0-1 attrition 

rite--combat losses plus operational losses--recently has been about one aircraft per 4000 flying 

hours. As shown on Chart 18, USAF has had an 0.26 attrition rate per thousand flying hours for the 

last seven months;**  USA had 0.23 for all of 1965; VNAF (for all VR aircraft) had 0.2) for 1965, 

about half operational and half combat. As expected, the 0-1 attrition is believed to be highly 

correlated with flight altitude. USA officers have indicated that most of their aircisft losses 

are believed to have occ;rred below 300 ft; USAF personnel of the 505th Tactical Control Croup be-

lieve that moot of their losses have occurred below 500 ft. However, since many of the logical in-

volved crews killed in action or missing in action, flight altitudes are generally not known and the 

vulnerability of the 0-1 aircraft with flight altitude cannot be established from the theater loss 

data. Chart 19 shows the USAF monthly 0-1 losses and aircrew losses for 1965 and the first two months 

of 1966. It is seen that both losses have been very roughly constant with time. However, Chart 20 

shows that the USAF 0-1 aircrew losses per 1000 flying hours have shown a decrease in recent monthu, 

*** 
from about 0.38 in the first eight months of 1965 to on the order of 0.1 more recently. There are 

several possible explanations for this reduction: (1) in the earlier period most of the flights were 

PAC missions involving target marking, while starting about September of 1965 an increasing number of 

missions have been VR miesions (Chart 21 shows the USAF 0-1 flying hour increase resulting largely 

from initiation of the VP. program), (2) both FAC and VR pilots have been flying large portions of 

their flight' at increasing altitudes--in 1964 most 0-1 flying was at 500 to 800 ft while at present 

it is at 1500 to 2000 ft, and (3) the VC may have recently told their personnel not to fire on VR 

aircraft unless the VR pilot continues to keep them under observation. 

Nina maintenance hours per flight hour is only slightly higher than the number of hours of 
direct maintenance required in South Vietnam for aircraft such as the F-100 and the F-5, which are 
substantially more complex than the 0-1. 

** 
The time period for which we have 0-1 flying hour data from maintenance (DM) records (see Chart 21). 

inirt 
It should be noted that the differences in aircrew death rates par thousand flying hours, 

although marked, do not appear to be statistically significant; e.g., if it is assumed that the 
death rate is constant with time and has a value of 0.2 per 1000 hours, than we would have expected 
1.6 deaths for the time period January - April 1965, 3.7 for May - August 1965, 9.1 for September - 

December 1965, and 4.8 for January - February 1966. The probability of encountering the observed 
or Lnter deaths (for those time periods in which the observed deaths are greater than expected) 
or of encountering the observed or lesser deaths (for chose time periods in which the observed 
deaths are less than expected). if it is assumed that toe Poisson distribution is applicable, is 
0.22 for January - April 1965, 0.08 for May - August, 0.05 for September - December 1965. and 0.30 
for January - February 1966. 

119 



In addition to fatigue, the pilot's monthly flying hour rate may be constrained by his 

expectancy of survival if he has a fixed-tine tour length, as at present. Chart 22 shows the 

expectancy that the pilot will survive his tou- of duty as a function of the death rate per 1000 

flying hours and the number of hours the pilot flies each month. If • pilot flies 100 hours a 

month, for a one-year tour with the current level of USAF aircrew loss rate (*bout 0.1 per 1000 

hours), the pilot's tour survival expectancy is about 0.9. On the other hand, if aircrew loss 

rates again return to their higher level (about 0.38 per 1000 hours), then the pilot's survival 

expectancy is about 0.5 for a one-year tour and 0.75 for a six-month tour Although aircrew 

survival does not currently appear to be a problem even with the high flying hour rate assumed (100 

hours per month per pilot), if the loss rate goes back up to its previous level, decreasing the 

length of the 0-1 pilot field-duty assignment should be considered. 



VII. WHAT IS THE FUTURE OF THE VISUAL RECONNAISSANCE PROGRAM? 

The future of VR depends on tne strategy and tactics of the VC, the Vietnamese, the Free World, 

and the U.S. forces. It appears that the most difficult contingency for VR will arise from the VC 

reducing the number of unit actions and using smeller units, i.e., returning to tho guerrilla actions 

which are characteristic of the "Phase II" of limited war. This would be one reasonable strategic 

response of the VC to increased U.S. force levels. Another contingency is that the enemy could choose 

to engage in an enlarged antiaircraft effort by introducing heavier caliber machine guns and antiair-

craft weapons in SVN. 

If the VC chooses to return to largely guerrilla actions, VR will become even more important as 

a responsive source of intelligence for targeting. This suggests an increased VR effort, as well as 

a shift in the utilization of our strike aircraft. Since the enemy activity would probably be focused 

more toward villages and hamlets, rather than toward friendly military units, air power should give 

vastly more support to the hamlets and to the Regional and Popular Forces. However, since few of these 

Vietnamese forces or village and hamlet officials speak English, communication with U.S. PAC/VR or U.S. 

strike pilots will pose a severe problem. Further, the VC will become even more difficult to find 

since as guerrillas they will be recognized more by their activity than by any obvious differences 

such as uniforms. Hence, it will be essential to ".eve a detailed knowledge of the culture and envir. 

onment of SVN and of VC activities and methods of operation. The needs for communication in Vietna-

mese and cultural and environmental knowledge suggest that a Vietnamese observer will be needed in all 

future U.S. VR aircrews. 

As the targets become smaller--unita of fewer men--and can disappear into the environment more 

rapidly, it becomes more difficult to provide timely air response by fighter aircraft. This raises 

the question of the desirability of mounting guns on the VR aircraft. Although there are good 

reasons for not equipping reconnaissance aircraft with guns (they may tend to become strike aircraft), 

a VR aircraft with guns could provide the necessary quick response. Guns were requested by 25 of 99 

USAF FACs answering a FAC questionnaire early this year. These FACA felt that guns would be useful 

in those esses where smell perishable targets, such as a few VC, are sighted. Th. USA uses 30-

caliber machine guns on VR aircraft in certain special situations, such as when the "Mohawk" (0V-1) 

is assigned to perform VI in front of moving U.S. units. Although these weapons are used primarily 

to keep detected VC from moving until airpower can be directed on then, if the target is only • few 

VC, they may be used to attack the target directly. 

The possible introduction by the VC of heavier caliber antiaircraft weapons leads to aircraft 

vulnerability considerations. The C-1 eircre:t is marginally adequate in the present relatively 

benign environment. Modifications to the 0-1--more powerful engines and some armor--have been 

11
 

suggested to improve ita performance, particularly zoom capability, and to provide additional 

1 
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protection to the pilot. Higher performance aircraft can decrease vulnerability if these heavier 

weapons art introduced. Little 'hate exist, however, on the changes in vulnerability or the effec-

 

tiveness of VI with increased speed. Although most pilots indicated that 80 to 100 kn is the best 

speed for VR, many of them feel that an increase to 150 kn would not seriously degrade their VI cap-

ability. To resolve these questions, it may be desirable for USAF to test a higher speed aircraft; 

at the minimum, an attempt to compare sighting data from the USA "Mohawks" (0V-1) with the USA 0-1s 

should be made. 

MUch of the VC activity is currently at night. As VI becomes more effective in the daytime, the 

VC may shift even more oL their activity to nighttime. Yet at present we do not really know what our 

nighttime VR capabilities are. It is suggested that unassisted VR be conducted at night (when the 

moon is visible) to determine our night VR capability (as a function of phase-of-the-moon) without 

the assistance of NVDs. The same types of tests (but including times when the moon is not visible) 

should also be made utilizing various types of NVD, both active and passive. 

Unless escalation of the in-country war occurs, VR will continue to be an all-important source 

of responsive intelligence information; with de-escalation, VR will have an even more important in-

telligence role. If de-escalation occurs, then particular emphasis should be placed on putting Viet-

namese observers in all VR aircrews and on the identification of VC patterns of activity. 

The VC may bring in heavier antiaircraft weapons; the desirability of improving 0-1 performance 

or of utilizing some other aircraft for VR is dependent on the effects of increased aircraft speed 

on both vulnerability and VR sighting capability--and little is known about either of these two ef-

fects. 

The desirability of adding minimal armament to the VR aircraft, particularly should de-escala-

tion occur, requires further study. 

The VC may increase their nighttime activity to exploit a weakness in the present VR capability. 

Response to this is also dependent on information not yet available--the effectiveness of clear-night 

unassisted VR and of the utility ofIVfDs. 

Hopefully, many of these uncertainties can soon be resolved through a combination of field test-

ing and further study. 
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