
S{f*fi: DEB

, tta, aXll ;-i...r1..t3

.ll
Oflice of thc Secrctary of Defense
Chicf,I{DD, ESD, WI-IS
Date:
Dcclassi

Reason:
MDR:

in Part: €.
Authority: EO 13s26+s u.s-c 5 551

in Full:

Fg_4r'r-!

'' -.-.rr.: !'
:.',.i,; iu' ''

{'1t

,'.e'*'-o'"'' 
""' "-""

. .'..?
3 i:.r'.1.

ttr

-t

s

b
ir

,l
:
T

.t

I
;,
,:.

-!

I

i

!d

t

a.
aI

tr{

Y

I

l.
*,
ft

{r

sa
I
*
Tn
n

$
..c

-T

.r,. rit, { sl
- I .'

l:.' ir

Q'': : i.I

i

I
I
I

!
j

f;..
;:J L 

t: i ','\*/';r i" r" j.- *i" -j t

r.'itl r
'tr:'.trt.;,,t{+

EpY< I
l'i t lY..':;':*r/ r

t Gl-

-

l 

-IIII

" ' .'f;l:i::L-;''' "'

t,. -.-o a;.-. ,'i t!r
! -r ' e,\ ( ^r 

"..i 1,-r I

i.'l'*:
NFCLqSSIF!ED TAIFULL
Aurhonty: Eo 13526
Chief, Re-cords & Declass Div, WHSDare' l3UAlAtO

. ,r. tr.l i.r i r
i...re \... --, $. i. !tl. ; ; 7 t-,i.,i.,r:,io-Jt r.\ r ii;., i

i,.:':ir-:: * S i:i :',it;; 3::.1iri
i ".':. I r;'i.'i4 S 

,'. t :l :5 , l: 
.; 

I I -; j:

.'.. ii.... .-. :- - rtii;;;u i;, iii- Lii,'-.,i.,r oi lrir;is"J li{rss.ji'cn arid ,Lt,ginearit:g

.lt$BH
ll-[n-WL]b



.SfGiIr

I

a
Report of the Panel

on

l9-31 July ltTt

NFCL4SSIF!ED II.I FULL
Aulhonty: EO 13526
Chief, Recerds & Declass Div, WHS
Date:13JAN2016

l97l Summer Shrdy
Defease Scieuce Board

Colorado Colorado

Offlce of the Director of Defeuse Reeearch and Engineering

documeat cotrtalla lnformadoa
oftbe Ualted

ln the Tlfle

to m ueuthorlzed
prohtbtted by lev.

18, U.g.C.,

ilGitr

lte tranc-

REMOTELY PII-TED VEHICI,IS
f

I

i
I

:



DEFENSE SCIENCE BOARD TASK FORCE
ON

REMOTELY PILOTED VEHICLES

Members

Pago dotorminod to be Unclassifisd
Royiewed Ghief, RDD, WHS 

---"'--
IAW E0 13iZE, Sccflon 3.5
Dato: t3Ulao

I

DR. DONALD A. HICI(S, Chairman
Northrop Corporation

DR. IRVING J. GABELMAN
Rome Air Development Center
Griffias Air Force Base

DR. WILLIAM M. BROWN
lfillow Run Research Lab
University of Micbigaa

DR. VITALIJ GARBER
OCRD, Department of the Army

DR. CHARLES H. CHURCH
Advanced Research
Projects Ageacy

MR. WILLIAM B. GRAHAM
The Raad Corporation

MR. STARR J. COLBY
Lockheed Missiles and
Space Company

DR. WALTER B. LaBERGE
Naval'Weapons Center

MR. HUBERT M. DRAKE
NASA Ames Reeearch Center

DR. WILLIAM G. McMILLAN
Univeraity of Califoraia,
Loe Angeles

Summer Study Attendee

LT. COL. DENNI,S TANNING, USAF
Directorate of Operational Require -
menta and Development Plaae,
Headquartere USAF

ODDR&E Staff Mernber
I

MR. G. RONALD WENNINGER

ll

I



3

0elmHfln

CONTENTS

Defeoge Scieuce Board Task Force oa
Remotely Piloted Vehicleg. . .

I. Introduction

Coaclueiona

Recommendations .

Battlefield Surveillaoce aad
Target Deeignation

v Attack of Armor aad Forward Air
Defenaee b,y RpV .

Deep Recce-Strike of Stroagly Dcfcnded
Targets

VU. Critical Subeystems for Adrranced
Combat RPVre . .

VIII. Service RPV Programa Recommended
for Contiaucd Support . .

Aanex I RPV Taek Force Gharter.

Aanex 2 Sumraer Sfudy Terms of Refareace .

Annex 3 Bricfioga and Reporta Received by
Tagk Forcc

Aauex 4 History of U. S. Army Surveill,ance
Drone Program. .

A^nnex 5 RPV Tecbnologiea

F3e"

11

I

lt

l3

-zl

,25

,35

.41

.47

.53

.57

IL

UL

ry

9

VI

39

43

OECLqSSIFIED 'I'! FULL

Authonty: EO 13526
Chief. Reccrds & Declass

Date: t3JANml6

0cilfl3$1fl#

Div, WHS

ltl



{0lfff0fli#
I. Introduction

The Problem
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V/eapon system cost aad losses to enemy counteractioa are of iacreae-

ing concern, with respect to manned aircraft. In eome environmenta already

experienced and forecast for the future, the aeed arieee for alternative

Byatems to complemeat the capability of manned aircraft, principally

for the followrng reasons:

1. For gome taske manned aircraft may be too srpeneive to
procure aDd operate, even witbout attritiou from enemy
action. (For example, reconaalesaoce beyoad liae of
rigbt in support of ground patrolc. )

Z. Overflight by ma.uaed aircraft of eaeay or aeutral territory
may be potiticaity unacceptable becauge of treaties, rulee
of engagcmeat, aud riak of impricoameat for aircrewe.

3. Increariag etrength of eaemy gror:nd defeaeea may reeult
ia high attritioa -- high eaough to preclude custaiBed opera-
tion, to prevent achlevcment of the military objective,
aad/or exceseive'coet ia human anrd material resourcea.

The third factor, is of special coacerD, because of the developmeat and

exteacive deployrrrent in maay parte of the world of effective Soviet

surface-to-air gun ald miecile defcaec uroapotrs, Particularly ia tbie

conte$, gubstaatial iaterest and activity ou RPV|s haa beea geaerated

over the lnet year, promptiag the Director of Defenee Reaearch

and Engineeri4g to ertablieh tJre preaeat Taek f'orce on Remotely

Piloted Vehiclee.

ffi I
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The DSB Teck Forcc on Remotely Piloted Yehicles (RPV) has been

chartered to asaese whethor RPY'e offer a eolution to thoee Eilitary

probleme which are iacreasingly difficult to solve by manned aircraft; and

if so, to recommetrd stcps tbat DDR&E caa take to bring about significaat

RPV capabilities for tbe Military Services. *

. For tlre 19?l DSB Summer Study, tbe ccope of the TaEk Forces's

iaveatigation wag deliberately limited to encompaos only those RPV tasks

that coatribute to the destruction of tactical targeta ia limitedr lror-

nuclear *rarfare**. The Military Servicea, eepecially USAF, have a

subetaatial body of expcrience of operating unmanned reconnaigsance mis-

eions in eombat z'oaeE, whicb, in fact, conetitutes a sigaficant portion

of tJle data base available for the Preseat study. The Taek Force intends

to examiae, at a later time what boatributions advaaced RPV-techoology

can make to other.military misaions not coneidered in the l97l Surnmer

Study.

NECL4SSIFIED II.I FULL
Authorrty: EO 13526
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+ The Tack Force Cbarter is ehown ia Anner I bcreto.

r** Anncx z gLvea the TermE of Refereuce for the DSB Summer
Shrdy on RPVre.
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Defiaitioa of arr RPV Svetem

Tbc concept of remotely piloted vehicles (RPVra) ig aot aew. The

TARZON miasile, developed duriag World '!Y-ar l[, could be considered

to fall within the defiaition, ae could a Durrrber of B-l?s and B-Z4s that

were modified to perform special migeione. Theae aircraft were taken

off by a crew of trro, who later bailed out, aad were flora to target by

rernote control. Since tbe early RPV experimeatation during lrYorld lVar II

with but margiaal technology, eignificant advaacee have been made in

sensing devices, flight control aystems, signal transmittirg tecbniguee,

data processing, and dieplaya. All of these elementg contribute to the

capability to rcmotely pilot aa aircraft and perform a military misgion.

In the coatcxt of preoent technology wG can defiae au RPV as a

vabicle (or irtelecraft'r) which ie controlled by one or more operators

from a rcmote coatrol center; Tbe operator is cued by seaeore oa the

vcbiele. The i.aforrnation transmitted from tJle aenaora to tbe remote

operator and his instnrctioas for couttol of the vehicle are oa a real-time

baaia. Altborgh he is not in the RPV, tJre remote pilot is rrio tJre loop't

by virhre of a two-way data lilk. He controla the vcbiclc through a sct

of instnrmeata and by a vleual dieplay ae if he were in tJre cockplt.

Ia militery operatioaa, the RPV eystca would be cloccly coupled

with otbcr manncd or uDlnaI^ued weapoa syetGmsr. ae illultrated in figure

l. Hcre r remotely piloted aircraft ie ured to dceignatc witJr a remotely-

@ 3
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pointed laecr bcam a epecific mobils ta.rget for attack by an artillery-

Iauached projectile which hoaee oa the laeer-i[urrriaated target. * De-

pcadiag oa thc diataace aad terrain between tbe RPV and the control

statiou, a relay may be aeeded to maiataia two-way cornmuaicatioa. The

relay may be carried by an aircraft, a aatellite, a ballooa or mouated on

a tower (aa illustrated in figure l). I

Approach

nFC!.a sstFtED !r.r FULL
Autr'rrrty: EC 13526
Chief. Rec.!.cis d Declass Div, WHS
Date: lSJANlul6

Prior to the Summer Study, the Taek Force examiued a great variety

of missiona which are or might be suitable for remotely piloted vehicles,

as sbown ir figure 2, ae a basie for eubaequent identification of military

aeede, The Taak F orce was briefed extensively on the considerable number

of DOD programE that relate to some of the lieted RPV miasions, eapeci-

ally to claaeical rcconaaieoatrce aad defease ouppretsion. ** The Task

Force alco survsyed the state of the. art of the major RPV compoaeat tech-

nologiee, by mcans of bricfinga and reporte published by DOD agoacies

and induetrial coatractoro, ae a baeie for acacasiag feasibility a"ad cost

of potentially desirable RPV aystems. *** Applying during the two weeks

Tbe laasr tcrmiaally guided urcapon could, of course, be launched
from aD airplaae, a belicoptet, aaother RPV, or a aurface rocket
Iauacher.

** Bricfing topice, aud the reepective cogaiza:rt ageacies are surnntarised
in Aaae:r 3.

r*** Apsg3 5 errrrrmarizee the etate of the art of RPV compoaent tecbaologies.

ffi 4
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SOME MISSIONS POTENTIALLY SUITABLE FOR RPV'S

Re coanaie I arrce /Surr/eilla^trce

Classical photo rocoDtraissarce
Eliat/Sigint
Battlefield eurveillaace
Location of eacmy tranemitters
Eye Ball edeaeioa for iafaatry patrole

Target Destructioa or Aasistaace Thereto

Recce-etrike of moving or fleeting'targets
Dectructioa of prime tactical target (fixed or movirrg)
Defease aupprcasioa: roll back of SAM eitee, airfield def,eases, a^rrd

afily forward air defeaec
Deetructioa of eaeay ahipa at etaad-off raage
Target locator for iadire d fr:e weapont aad artillery spotting
Target deaigaation for tcrminally guided miaailes or manned aircraft-

lauached qreapong

Electrolc sounterooasurcs: jamnerr, ghaff diepcaeors, docoye

Air to Air Cmbat

RPY dog fighter for air defeaee or eecort of etrike forcc
Fully-maacuvori-g targct for air-combat pilot traiaiag

600ilflr!ilnrF
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ffi
Sumncr Shrdy itc collcctive judgemeat aad errperieace to this miasion

aad tcchrology data balc, thc Tark Force arrived at ttc Goacluaioas aad

Recmmoadationg givca ia thc ae$ two rcctioal of tlis rcport. The
i

eubrcqueat five rectioaa (IV through VIII) describc'each of tbe ectiong

recotamesded,

Additional matcrial ie codaiDed in the several Anaexec +bat are

keyed in the tert by footaotea.
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lte maJor coaclueioas of the Summcr Study oa Remotely Piloted

Ychiclce arc e.c Iollosa:

I, Tbe priaclpal advantagea of RPVre are that they:

o Koep maa in tbe loop witiout elposure to iaJury or lcapture

o Remove pbyaiological reBtrainte oa vehicle sizc and performance;
this exerte great leverage on reducing the[vulnerabtlity
and cost of the airframe aad increaaiug its maneuverability
(if acceegary).

2, RPVIg complernent manncd aircraft aad are more cost-
cffectivc ia tJre "high attritiou" gnrt of the mieeion apectrum. *

3 Past program €xpcticace ahows that RPVrs:

o Caa be lauachcd, coatrolled, ead recovercd,

o Can acquire, identify, aod debtroy targeta

o lY'cre geucrally eurvivable ia VietDea.

4. Gurreat RPV activltiee exploit exiating subayateme that are
far froa optlmura, prtnclpally;

o Vchiclcr tbat were deaigaed for use ae target droaeg or
high Eltihrde platf,orraa.

o Scalorc, dcveloped for high epeed airlraft, in maay caaeo
tnolo aophiaticeted aad expeaeive thaa is appropriate for
RPV|a.

b Weaponr, etockpiled ta paat war! for.alaacd aircraft uee.

* ttHigh attritio'r dcaoteg eituationa whore tuttsiacd (tacticafl qlrcra-
tioor sr[1f, maaned aircraft are iaprectical or uafeeeible, ae dlrcurgod

9{tsrh I
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New tactical RPV FysteEE ate needed for:

o Real-Hme battlefield aurrreillance, target location, and
lascr dcaignrtioa of targete for tetmiaally guided weapons.

o Dcrtnrctloa of araed vebicles aad enemy mobile air de-
fcnges. :

Degtructioa of atroagly dcfended interdictioa aad counter-
air targeta.

6. A jarnmiug-resistaat data link ie necded for fufirre RPVrs under
,ome combat coaditione. Itg developmeut can be baeed oa knowa
apread- apcctrum techniquea.

o

OFCL^SSIFIED II.I FULL
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a

Baeed oa its ehrdy to date, limited eolely to the applicatioas of

RPV's for tbe deetructioa of tactical targcte, tJre'Task Force lecorn-

mende +hat DOD initiate the folloving actioni:

A Dcvelop aad teet prototypc RPV ayatema for:

l. Battlefield eurveilla,,ce & target deeignattou (Army*)

Z. Attackiag armor aud forrrard air defeaaee (Army*)

3. Deep recce-ctrike of atrongly defended targeta (Air Force**)

B. Iaitiatc tbe developmeat of critical eubsystems for advauced
combat RPVrr:

I Jammiag-reoistant data link

Night aeneors2

c Support apccific Narry aad Air Forcc RPV-rclated progra.rre

Theae prograras are idcDtified iu Sectioa YI[.

At a future time, the Tagk Force may make additional recommen-

dations concerning RPVre for ottrer mieeion areaE, such as long range

recouaaigaence, where excellent reaulte havc already beca achievcd

by the Air Force.
NFCL^SSIFIED II.' FULL
Authonty: EO i35.26
Chief, Reccr.cis & Declass Oiv, IVHS
Date: tSJAl{o16FAleo of iaterest to Mariue Corpe.

** Alao of interect to Narry carrier-baaed aviation.
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DeeigaationIV. Battlcfield Surveillance and Target

Briefly gtated, there are three basic reasorB why an RPV aystcm is

aeeded by tbc Army to perforrn ite importa^ut. battlefield aurveillauce aad

target deelguatiou firactioaa :

(1) Increaeiag eaemy mobility requires reaLtime targeting for
iadirect fire weapoas. For tbe Lance a,ieaile, targeting is
required to a depth of 30 to 60 lso beyoad the I'EBA.

l?l Laser tatget designatioo for termiaal guidance of laser
homiag weapoas offers thc bect meaus to kill an identi-' fied tank (or other mobile target) with indirect fire weapoue.
Several laeer-homing weapong are being consldered by
the Army, e. g. tbe Canaon Lauuched Guided Projectile
(CLGP) aad the helicoptcr-Iaunchld rrHellfire[ miseile.

(3) Preseatly available means for laser target deaignatioa have
limited capability aad are vulaerable to enemy actioa.
Specifically:

o Ground-baged forward obeervers are both nrlnerable
aud limited to enemy territory that is aear ttre FEBA
(eay urithin 3 lcn).

o Forward Air Controllere (r.AC'c) and Helicopter Scouts
are verylnrluerable to atroag AAA aad SAM dcfcnses.+

A laaer-deaigaator equipped RFFII eyetem of the type deecribed below

ie trniquely suited to overcome the curreat probleme in battlefield eur-

veillance. Botb tbe technology available today for a aurveilla-ce RPV

ayrtem eld the recornmeDded prototytrre atrrproach for developing tJre ayr-

tom differ sqf6l3ltially from tho techaology aad dcvelopmcnt approach

tbat characterized t'he Artay'l surveilL.acc droae Program of 1955-5?*I

F---1,pV'e will be vuluerable aleo, but ao maa ie loet, their attrition rate
ehould be lover due to reduccd aigaaturce, aad thesc vehicles are lesa
erpcnsive thea manned aircraft.

*ti. See Aanex 4 Lor a brief narretive accouat of tJrig aurveillance droue
Prograrrr.

TTISTIF 13
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Remotely Piloted Aerial Obeerver -De

Ttis Darne hag beea coiaed to ideatify the recommeadcd RPV aystem

for Battlefield Surneillance aad Target Dcelg.nation. Ae envigioncd by

the Tagk Force, thia eyatem hae the follosiag major subsystem charac-

terietics:

Thc BPVrs payload coleiate of a gimbatled TV camera with a zoom
lens and a laser deaignator wbicb ie boreeighted to t.be camera.
f'hia payload io eatimated to weigh about 40 lbe and will provide a
daytight capability, (Iffbco cheapcr, Iight weigbt IR Eeasoro are
developed, a night capability caa be added).

The data link haa a 5 MlIs iaforaatioa bandrridtl (for real-time TV
tranifiTem-from tbe tclecraft to the eontrol ctation), useE a
eteerable aateura oa the RPV, aad a aimple elevated relay, such
ae a tower or a balloon. (Spread apectrum sa3i-jamming featuree
will aot be provided for this lirtt aystem. )

Radio aavigation accuracy of 50 to 100 metera can be achieved
either with retransmiseion of LORAN signala from the vehicle to
the control ltation, or if LORAN ie aot anailable a mobile TOA/
DME Syatem can bc provided. Poaitioa fixiag computatioDa are
perforrned at the control ceater.

lte rel,atively low speed RPV caa bc propelled by an existing ia-
teraal combugtioa euginc (reciprocatiag or lllaakeU ia the 35 hp
clasa drivi:rg a propeller, faa, or rotor.

The RPV would bave approrimately the followi"gtg.{""*""9g.

elgf,tF

T. O. /Landing
Euroute
Over Target

nFCL^SSrrttrD 
tAr FULL

Aulhcflty: E.) .i.1526

S:J:l Tt'g"rifi ffi oi,, rv,s

SPEEP, KT
45

lI0
80-90

ALTITUDE, I.T, A. G. L
0

l 000-3000
300- I000

RPV lvlsaeuvcrabili{: 39 suetained
8g for l0 secoads

Whoa sizcd for a miggion duratioa ot Z to 3 houre, the RPVra
grosg gitil!-iB expccted to be about 240 to 280 lb for typlcal
coafiguretioae (aee figure 3). lte fly-away cost is eatimated
at about $15-20,000 whea produced in quaatity.

{nltr, t4
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Figure 4 ehoqrs schematically tbe deployment aad employmeqt of a

"eguadron" of 4 to 6 recoverable RPVis in support oJ an armored or

mechaaized divigiou. The divieioa commauder calls 6a gf,g RPV

sqrradroa (during the daytime) for real time tactical reconnaisoancer

identificatiou of key fixed and moving targets, and desigaation by laser

of specific targets for attack by iadirect fire weapons. The surveillaace

scctor covered by the equadroa exteuds l0 km aloug the FEBA and

60 km into enemy territory.

Located near its Dirrisioa Headqrrarters, the squadron is in direct

communication with the Divieioa Commander and the tactical fire con-

trol eystem (e. g. TACPIRE). The Aerial Observer-Designator squadron

coneiets of,4-6 RPV|a, a mobile lauacher, a control van, relay unit, hoist

rig, and a van for epares and refurbiehmeat of RPVIs between eorties. The

squadron hae a complement of l5 to Z0 rnen, includiag RPV controllers,

ground crews and maintenance mechanice.

The RPV miesioa cycle has the foLlowing characterietice:

o Launch by JATO from mobile rail Jauacher
o l'ligbt duration of cevcral houra
o Recovery by ahid landiag in cleared area (100 x 300 ft)
o 2-3 eortic3 per day per vehicle, during dayligbt hours
o I -2 hour turn around time, with more maJor maiatcnancc

perforrncd at uight.
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There are a number of technical aad operational guestioas cotrcet[-

ing the practicality and effectiveness of au RPV eystem for battlefield

sunreillaace aad target dceiglatioa. fbe Tagk Force believes th,at these

queatioas can best be reeolved by extensive opetatiolal testiag of corn-

petitively dcvelqred prototSre aystema.

.The majol f6rahniga| rieks and otber issuee that aeed resolution by

the prototype developmeat and test program cau be categorized as

follows:

Vehicle Coet: (a) prove that RPV unit flyaway coot can be less
tban $30,000; (b) determiae total eystem cost, iacludiag
operatioaa and mainte"rance coctg.

Sunreillaace Effectiveaeoa over varioue tlpee of terrain,
weather, and for various levela of illumination,

Target Dcaigratioa EffectiveEeat: demongtrate abillty to
fir laser cpot on a tank for geveral miautee.

o Simultaneoue Control of eeveral RPVrs from one coDtrol statioa.

o Larrnch and Recovory: ertablirh realietic levcls of vcbicle loas
ratca a.nd of effort for poet-mission refurbighrnent of the
reusable RPV.

Survlvability: through field tcgtt eatablieh
(tl Simulatcd eoerny capability to detect and destroy the RPV
(Zl Abiltty of tlre RPV controller to detect and evade AAA

aDd SAII defeuaes.

Data r-ink euitebility: Determiae eaemy effort requircd to jarn
tbe link, aud the relative utility of a tower and a tethered
bellooa to eupport the elenated relay.

o

o

o

o

o

o

r8
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The prototypc program that ie aceded to rcsolve the above riake and

uacertalptlca har tro priacipal pbaaea:

(t) Two or thrcc coDtrectora develop rcvcral fired and rotary
wiag RPV configuratioaq, auch as thoac illuatrated ia flgure
3, and appropriatc grouad equipmdat.

l2l Extensivc Ily-off tests arc corductcd by thc Arrry ueiug the
facllitieg of IvIASSTER, CDEC, aad other appropriate
agencies. Ao, appreciable aumber of RPVra of eac.h type,
perhape 20, must be procured to obtain meaaingful teat
reeults aad to allor for gome idtial loee of fiigbt vehicles,
ae i:r miaeile testi.g. Theae teeta sill be ureful for the
experimeatal developmeat of tactice aad operational tech-
aiqueq ag well as for tbe resolutioa of thc iesuee liated
above.

The Task Force eetimatee that a eouad competitive program will take

about 3-l12 yeara from go-ahead to tbe decisioa to produce and field a

Remotely Piloted Aerial Obeerver-Deeignator syatem, with a total expen-

diture of $40 to 50 millioa, This program coEt iacludee tbe Armyrs test

operations as well ao coutract coeta for develoPment of the prototype

RPV eystemg and limited productioo of vehicleg for developrmeat and

operatioaal testing. Figure 5 gives au crtimate of the time phaeiag and

cost breakdowa of tJre competitive prototype ptogratn, as vigualized by

the Taak Force.
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V. Attack of Arrao:r aad Forward Air Drcfenses bLEry

lhere exigta today the opportuaity to meet an Army need for a cost-

effective araor-degtroyiag capability by complementing the heavy firepower

aystemr under developmeat with a light-weight RPV eyatem based oa modcl-

aircraft tecbnology. Such a eystea would be;'employed primarily to defeat

the enerayra forrrard air defense unite that accornpaay his arnror, as well aa

the latter. It is propoced that a radio-controlled modcl aircraft, such ae tbe

'rHawk ?50'r ghowa ia figure 5, be equip,ped with a light-weight television

camera, a eimple autopilot aud a emall abaped-charge warhead. TIds warhead

ie capable of deetroyiag a tank or forsrard air defenee weapo.D, giveu a direct

hit on a 'ruloerable part of auch a target.

Operatiou of this Remotely Piloted Attack Vehicle ayctem takes place

as follows:

The RPV ia catapult-lauacbed aear the FEBA, aad flowa to the target
area prcviouely locatcd by tbe &emotely Piloted Aerial Obrcrver Deeig-
nator or by other raears. The Remotely Pilotcd Attack Vehicle ie then
manually rteercd to impact agaiaet thc rnrlnereble part of the arraor or
fornrard air defcase targct. (U, after extended loitcr, a auitable target
is aot fouad, or the miesios is aborted for another lcagon, the RPV caa
be recovered by laadiag on gkide at a auitable recovery area. )

The Remotely Piloted Attack Vehicle has approxi'aately the followiag

charactcrietica:

Seaeor:
Coatrol;

Airrpced:
Prolruleiou:

RPV Grosr lYcight:

Vebicle UDlt Cost:

'Warhead: Shapcd-charge aati-taak round wcigbtng ebout 5 lb.

Light'Weight Television Cauera (525 liaea)
Maaual aad Autopilot

40 to 50 knote
Z-cryclc pietoa eagiae (Z hp) driviag propeller

30 to 40 lb. nrclr ssltrlED ': ' FULL
Atltt:.ri!],: li'],-r1,2i

gz - 3, ooo 8il;i "ii;;,ieulss 
Div' \:vHS
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A compctitive approacb ueirg a aimilar ayetera propelled by a elow-

bumiag rockct may bc advantagcoue ia aituations rrhcrc the targct coordi-

aatee are kaowa (from other indepcndeat eeasors) aad quick reactioo ie

aeeded. Sucb a rocket powered vebicle wouldle dclinered balliatically iato

a "bagketrt aad thea piloted to the target.

Tbe recommeadedpgllg@e prograrn for developiag aad teeting tbe

Remotely Piloted Vehicleg has t\ro priacipal phaaee:

(i) Integratioa of tbe propoeed RPV syateme ueiag exietiug com-
poaeuts, followed \ developmeat teote, by oue contractor
for each eyatem. Ibis can be done for approximately $3 million,

l?l Competitive onaluatioa by the U. S. Army ut€r agencies of the
trpo RPV prototype eystems to eetablish operational advantages
of the two approachcs.

nFCLASStF!FD r^r FTJLL
Autfioflty: E 
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Vt. D6"p Rocce-Strike of Stroaglv Defeoded TarSotg

Irl thc Jrrdgmeat of tJre Taak Force, therc are tbrec major teaEoaa

wbich poiat to tbc accd for a^a Air Force RPV rcccc-ctrike ayaton:

Attack of tlre most beavily defeaded targete by maraed aircraft
ie forecast to be prohibitive, where gusteiaed operatione are iavolved.

Political cooeideratloue may nrle out thc ocpoeure of ma^aned

eircraft in gome aituations.

Poteutially more effcctive delivery of etockpiled unguided ord-
traace with RPVts thaa witb maoaod aircraft.

Cost Effectiveueee of RPVrs

By way of claboratiou oa tJle first poiut above, colrsidcr tbe coct-

cffectivcacsE comparisoa ehorra iu figure ? bctwcen raan',od aircraft (F-4)

aad RPV'a wbeu cmployed to destroy SAIrd cit€a*. In this particrrlar ahrdy,

both thc rccoverable a^nd e:cpeadabte (Kamilezel RPV wete desigaed ueing

curreut higb-coat compoaeut techaology, aad have aot beca optimized ex-

teacively. TIr,e coste rhowa are based oa tJrc anrmber of aortiea reguired

to achicve a kill, aad accouat for tlre coat of attrlted airplarca aad RPVta,

ard of all o-pcadablca ured. Thc priacipal pararactcre affccting the com-

pariaoa betseca aaaned aircrafl and RPVrs are whether laaer-guidcd or

G. P. (dunb) bomba are ure{ and the acvcrity of tlhe Eefeuaca eacountered.

Ure of tucr guidcd borabe by uaaned aircraft, incidentelly, reducee tbe

colt to deatroy the SAM-aite by lzrore tha. e factor of two.

o

o

o

ffiata froa RAND Co4roretioa Study, R-?lo; eee pago 45.
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FIGURE 7
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Tbe ceverity of cDcmy defeases ir uaed as thc abacieaa of figurc 7,

the rcale haviag bcea aorcalized to read in percent of attrition inllicted

oa penetratlng F-4'a by Sovict AA guaa aad SAMa. Tbe coet pcr target

kitl of tbe Kamikaze RPV (aimilar to Coador), tbe gmalleet of thc aircraft

conridered here, is ineensitive to defenee etreagth; but is relatively the

greateat for light defcaee, eince the l(amikaze is alwaya acpeaded. For

defeage cauaiug F-4 attrition on the order of. L'lo or legs, the recoverable

RPV.baa a higher target-kill cost tban the F-4 due to ita (aaeumed) too-

combat lose of I0$ per sortie during lauach ot recovery. For eevere

defeases (F-4 attritiou greater than Z% ra tbia erample), the recovcrable

RPV ie clearly more cost-effective tbaa the maancd aircraft.

Furtberrnore, lu a euatai.aed tactical campaiga, average loeg ratee

of manaed aircraft must be kept well belorr I perceat per sortic, as il-

luatrated by the table oa tbe right side o, figure 7, b maintaln realietic

tour-eurvlval probability for the aircrewa. Thus thd RPV cen bc cos-

eidered to complemeat tJle manaed aircraft, ia the Beusc thet an RPV force

could deatroy (at relatively moderate costl juet those etroagly defended

targota whicb, iu a prolonged tacticel campeign would be attacked oaly

rarely by aaaned aircraft.

RPYtc abo offcr aubataatial aevi4ge la 1rcace-time operati4g coste

(figure 81, riace (likc raunitiona) oaly a gmall fractioa of the 'r:toc\rllerr ia

uecd for traiaing mlsslong. Furthcrme, lf, coarrcaitioaal tendiag gcar.

ret0il} !zt
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recovery of the RPV were used rather than its recovery by helicopter (as

asgurncd in figure 71, a 4001o reductioa in peace-time RPV eyetem coat could

be attaiaed. ,Usc of future low cost RPV compouents would furtJrer reduce

RPV syatem cost. ,'

Delivenr of Stockpilg Qlrlnanse by RPV

Ibe above-moutioaed coucept of accurate and ecoaomical delivery

of stoclspiled (unguided) conventiel3t erlnance by means of a recovcrable

RPV'ls illuctrated in figure 9. Several factorg combine to offer, at least

theoretically, a 20 f.old improvement in dive bombing CEP relative to that

for maaned aircraft; these factore are a lower dive apeed aad a l2g pull-

out maneuver shich permit bomb drop at 500 teet (rather t$aa 5, 000 ft),

and correspouding reductioa ia elaat range at bomb releage whicb reduces

the aiming Guor.

lte more expensive compoaeato, l. e. tlre data link a^rrd trtenninal

guida,accrt equipment, (such ao perhapr aa aaglo-rati bombiag ayatcm) are

recorrerod vith the RPY aad can be uscd leveral tiraee, shich renrlte in a

raorc economical systcrm tha" a kamika,ze, such as COIIIDOR. Eveu wlth

a combat attritioa aa htgh as 15 perceat (whtch rould be uaacceptable for

a aaancd aircrdt) the RPV could be ueed four timea, aasumiag that thsre

ir a l0S loar of RPVrs due to noa-combat cauaes.

Syetero Cmcept for Recce-Strike RPV

frcee RPVtr uc btsDdcd to oporlto jotatly rltt aelaed rircrcft,

;;;x3Lzs
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aad are aesigned to strike the most difficult targete, aB far aB LbO uautical

miler from the lauacb zree. Such targets include:

o Deep tactical targets; SAM aites, radars, A/C enetters, ru.D-
Irayr .:

Iaterdiction: bridge abutments, railroad tunael, miaiag of roads
and trd,ils, trucks, agetrt boats

Battlefield bard targeta: revettcd aad mobile artillery, AAA,
tarka, APGte, bulkere, cave8, hlllside fortificationa.

' To be capable of atrikiug so grGat a variety of targets the RPV must

be compatible with etockpile and developmental or.l.ance of all types*:

uaitary borrrba, cluster mrrnitioae, termiaally guided weapoDe.

Theee recce-etrilcc RPVre are operated by an RPY 'ruaitrl which has

ttre capability to generate 20 to 30 aorties per day, Such a RPV unit oper-

atee joiutly with manaed aircraft uaits and could be land or carrier-baeed.

The RPV coutrol ceater is compatible witJr ared iu direct communicatioa

with the Tactical Air Coatrol Gcater (TACGS).

Subsyatem Cbaracterictics for Recce-Strike RPV

At thle relatlvcly carly atage in thc evolutim of RPV'4, thc Task

Force cousidera lt appropriate io ocplore via prototype tests both rccover-

able aad crpcndable (kaanlkaac) RPV coafiguratione. Ae lBdicatcd belour,

tJre emallcr kastikace could be eir lauachcd from a aauaed fightcr aircraft,

o

o

fa detaired ltrtlag of auch eGaport ie givcn ia Aaaar 5.
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aB well aB grou.ad lauacbcd; the larger recoverable RPV would be lauuched

from aad recovered oa the surfacc.

The followlng characterietics are corumon to both the recoverable

ard kamikase vcrglons:

Sengorc: Gfuaballed TV camera with zoom and boreeighted
laeer deeigaator

Data lirk: 5-10 MHz information baodwldth, RpV-mounted
eteerable autcnna, airborne relay for deep strikes

Navlgatioa:

RPV propulsion:

Retraasmissioa of LORAN, or TOA/DME system

Turbojet or Turbofan.
Initially the engiae being developed for the Harpoon
Miasilc cau be used. Subsequeatly the rrOrdDance

Turbojetrr engiDe beiag developed jointly by the
Narnl lfeapoue Ceater aDd NASA could be used to
lower tihe cost of the propulaioa aystem.

RPV epeeda: Above 400 kte.

Maximum radius: 250 n. mi.

The remaining RPY characteristics, giveu below, are different for the

recoverable and kamikaze vergioae.

Recoverable RPV Kamikaze RPV

Max. maueuvetability
Lauach
Recovery
Maximr:m wcapon load
Apirox, groat rreigbt
Unit fl,Y'awaY coat

(quattty productioa)

l2g
surface
ruaway
2000 rb
4500 lb
$50, 000

8g
air or surface

200 tb
1000 Ib
$30, 000

Note that for theee egtimated vehicle unit costs, the recoverable RPV would

lead to a morc ecouomical ayetem, iJ it caa be rcuscd at leaat once, and

aeglccti-8 differcacea ia cort of ground 6uPPort equiPneat.

0leffF 3Z
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The Recommeoded Gcnpetitiye Prototype Program

,Ac was t'he cagc f,or the Dattleficld Surveillaace and.Target Deaig-

nation RPV darcribed ia Sectiou IV, thcre a-r.o a trunber of tech-ical

risks aad other issuee wblch rhould be regolved by meaae of operatioaal

prototy?e testing of deep reccc-Btrike RPVrs. The following liet comprieee

tbe most eigaificaot such isauea and qrerational teat objectivee:

o Establish the unit cost of RPVts, aud the coets of support. systems aad operatioas.

o Targct acquieitioneffectirenesa

Gontrol of multiple RPV's aud marued aircraft in thc aame
airapace

Lauac.h aad rccovery: establieh realistic loes rates for
Iaad baeed and carrier operatioae

Sunrivability: tbrough ficld teate ertablieh
(U elmulated euemy capability to detect aad degtroy RPV
(Z) ability of RPV controller to detect aad evade AAA aad

SAMre

o Data liak: euemy effort required to jam data liDk with a-rrd

witbout the aerial relay.

o Develop tactics aad operatioaal tecbniques.

The prototype prograrn, a3 recommeaded by the Task Forcor con-

eiEts of:

o tJlc aelection of two or mote contractors to develolr recoverable
aud e-lrendablc RPV eystem configuratioue for

o exteasive operatioael. fly-off tcats by the Air Force and Nar4r.
Tbc prototype progra.m gbould bc aanaged by the Alr Force,
with Navy participetloa.

applicrbtc crpericnce derived from current RPV dcfcac"fop-
picsrloa asd rsconnaissa.nce ef:fotte rhould be otploitcd, -

ffi"" pagc 39.
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Ia ita Burwy of tbe gtate of art of tbe priaciprl RPY-compoaeat

tccbnologi"tt, the Trrk Force fouad tbat: 
..

{1) Gouidcrable iaprovement ia componeatr ig poaaiblc, erpeci-
afly wif.h rcspect to reduc{'g tbeir weight, bulk and cost.

(21 Oagoing aad plaaaed DOD aad induetry cfforte eppear generally
adequate to evolve eucb lover coat compooeata for RpVtc

(3) Therc are, hovcyer, ao developmeat programe for tso cotD-
poeata oI partic"lar irnportaace for "advaaccdil coabat
RPVre, rucb aa rrill be ia demaad if the recomnsadcd pro-
totype programB are succeBgful aad cause the enemy to tale
coustermeaoureB. Tbeee compoueatg ale:
o a Jaroming resiatant data liak, aad
o aigbt 6easors.

Tbia lagt fact prompted the Taek Force's recommendatiou (item B

Section III) to iaitiate development progra.me for theae tro advaaced RPV

compoacate. Tte chiaf featurea of theae developmcat proglane are

describcd below.

Several metJrodc are koourn for.obteining eccure comm,uaicetiouc

by rpreading tbe iaformatioa to bc treaeaitted ove! a ridcr bEodrridth in

a peeudo-random faebioa. Thesc iuclude pseudo-raudom noise, laud fast

frcqucrcy hoppiEg (la a prcudo-raadom raauncr). Due to lilely llmitatioa

of t.be cpactnrm arrailablc for RPV uiG, ,ay aevaral huadrcd aegatertz,

ffi 3s

Jamrniu -Re gietaat Data Lfurk
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ffi
additional Eca^ag aust be uscd to attain the aeedcd aati-jam margia (ou

the ordor of 60 db) for the vide-band (TVl data link, auch as higher

RPV traarmitter pffiGr and highly directioaal bea:ne produced by phased

array aateaaas. Tbercfore a devclqmcat piogra'- for a jrln6ilr-

resirtaat data liak is rccommeaded tbat embodice the followiag tagke:

Cbooae a preferred cpread-spectrun techaique ( 100 MHz)
by coapbtitive teetiag araoug:

pseudo-raudom noise
faet frequency hoppiag

Devclop golid etate, bigh poser, light weigbt, low cost,
on-board traosmitter

o Devclop low-drag ttconforrm.al" phased array anteura

lt\.4!.r,!.lil:il '' I rr il-L

Nigbt Senoors Ar,(l lr:t\'.'. . ,'"''-')
Clii:i. j'.cc::'-, . . u' -!-,-. l)irr, 1. 'l{S
Date: l3.nneoto

Curreotly arrailable aight Eetraora of tbe low light lcvel televieiou

(LLLTV) and iafrared varictieo are too beavy, bulky, aad costly for ue.e

oa the typee of RPVre deecribed in the precediag Sectione (IV, to VI).

Due to the geaerally lower epeeda of RPV'e and their ability to approach

cloaer to targctr (rclative to.uaaneti aircraft), it should be poseible to

trade off aomc aight-aeaaor perfornance and eolrhisticatioa for lower

coct and size. Furtheroore, coasiderable additioaal cost reduction

ehould be acblerrable through rodccign for quaatlty productiou of nigbt

aca.or8,such ar the FI-.IRIs aad LLLTV which have bcen built in oaly staall

quaaf,ittcc, largely for cxperimental uae oa maaned airplaacs.a.ud heli-

cqrtere.

o

o
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Ia addition, infrared BelsorE have tbe dcmoastratcd calnbility to pea-

etratc durt aad rmokc. Ibia capebility wotrld be very ueefirl for RPVte

operatiug ia daylight under eome realiatic battLefield coaditione, or to
!

E€gate cDemy emoke-type countermeasures.

The Task Force recommends, therefore, that aight seneor develop-

meat for RPV'g emphasize low coat and weight vereious of:

o Low light level televiaiou witl laeer illuminatioa of the ecene' (active LLLTVI

o Paegive imaging infrared Bensor (FLIR)

o Active, covert (IR) laeer line acaaner.

nECl-^911r!-D 
ti' FrJLL
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VIII. Senrice RPV Prograrns Recommeaded for Coutinued Support

Many of the curreat Air Force aad Natry RPY aad RPV-related

progsa.a,a bave coatributed grcatly to the geoeral egtabliehmeot of feasi-

bility of the BPV concePti aad if they are adequately aupported (rather

thaa prematurely ter:miaated) prorrriee to (l) prwide aa iaitial operatioaal

capability for defeaae Eupprc8aioa and (2) supply valuable informatioa and

erperieuce for the battlefield eurveillauce aad deep recce-strike RPV eya-

temE recommeaded by the Taek Fotce.

lrYe liet below those epecUic programg which ttre Taek tr'orce believee

sbould receive continued aad, in Bome cases, augmeated support. For

each eelected program the developmeat goal or operational objective is

indicated.

Air Force RPV Programs Recpmmended for Coutiaued Support*

l. Defeuee euppresaioa vta RPV technology (AFSC)

e. Extcndcd-raage HOBO with rrideo link
b. BCM-34 qrith video liak, ASM, amatt & dumb bombe

Objectivee:

Optioa for early opcratlonal RPV uaita for rtrong-dcfenac
citlratioaa

o

* Ooly progr8m. rclated to tectical tergct deatnrction mirai6ae are
coasidcred hc rc. Strategic or reconlais gance -orioatcd progaaErs
have got bcca eraniacd, rod ao aigaificaDce ghould be attached to
thc ofrEleaio of ruch projcctc fr@- tbc lietlag.

JtIlSt- 39
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{ffiIr
Digcover (and eolvo) pr-acttcal probleme with RPV hard-
9Ar€

Achteve compatlbiltty betrcen LSAF USN cquipmcut aad

eavirootllcat

Erplld dcfease suppressiou dcnorictratiou Program to develop

tacticg, diacover and eolve oPstatioral problema '

Narry RPV-Relatcd Programe Recommeaded for continued support

Data liak veraioa of WalleYe:

o Prwide aight aad radiatioa-seekiag capability by adapting

I,oagwavenaadAnttRadiationMigsi}e-headsunder
developmeat

I

2

2. Goador

o

3. Harpoolr

o

o

Gontiaue opcratioaal t9 etiug for RPV-crcperieace

Emphaeile coet-reductioa program for I t a implified coudor"

4

5

Eraqriae thc qrcratioaal utility for target identificatioa of
ths ftl video link tJBt is bei-g dcvclopcd for the Harpoon
tcrt program

BOM-34

o Gaia operatiooal experience sith TV rcmotc guidaace

Goatrol of target droaee in foraatioa flight

o Adapt to coatrol of other multi-RPV operatioua.

hl^l r.ectTi-F I' I !:l ,' I

/"r.il lr:l'i: ':)." ':l', ) )

Cl',;:f, tiec:: ,: '. u,--:-..:.; i)i'.','. ,/l1S

Date: t3.mU0
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ANNEX 1

Pago dotorrnrned to bs Unclas$liod
Reyiewed Ghiof, RDD, WHS 

--------

IAW E0 13020, Soction l.i
Drh: h,g.nr Dm

April 8, l9?t

TERMS Or R^EFERENCE FOR

DSB TASK FORCE ON

R.EMOTELY PILO?ED VEHICLES

Task Force Objective. The objective of the Task Force is to de-
termiae the coatext ia which Remotely Piloted Vehiclee (RPV's)
can eupplement maaaed aircraft and eatellites in perfolrriag
both strategic and tactical miaeione, aad thereby to determiae
appropriate dircctioae for futurc research, techaology aad de-
velolmeat of RPVra.

The use of RPV'e for gathering aationat
iatelligence ie cpecifically excluded from coaaideratioa.

The Problea. At varyiag levels of interaational tensioa,
ma-ned aircraft opcratioaa may be compromiaed by operattonal/
politicd rcatrictione aad gaactuaries or, iD thc caae of actual
hoatilitiec, by aevere air defeuee eystems. Iu euch ca8es,
RPVra may bc viewed aa complementary to manned aircraft.

Tagk Force .A,pproach. Thc Tack Force ehould first coacaatrate
oa detetai-i'rg the feaaibility of nPVrs to perfotu aignUicaat
military migrioaa eucb as iaterdictton, cloee alr aupport, air
aupcriority, recoruraiagaace, ctc. Secondly, thc Taak Forcc
ghould cetabliah criteria for evaluatiou of manned vehicles vs.
RPY!e and thereby to evolve tbe coaditioae for complemeatarT
uaa of tle tso techaologies. Thirdly, the Tark Force rbould
lay out a- 'IRPV techuology roado.aptr for tJre purpoBoa of er-
ploiting thc bigh payoff capabilitica of RFVrs.

Taak Force Interactioaa. Tbe Taak Force ia orpectcd to iateract
cee and to conaider aad preaent Service

vicwe ia lts report, Teck Force lateractioaa trith iatelligeuce
agcnciee ehould be limited to obtainlng performance charac-
tcrlrtica aad opcraHoaal gtatiaticc oa RPV'a, sherc tJre data
is aot arrailable from othcr ageucler.

4L
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Taak Force Schcdule. The Tark Force ia coaetihrted for orre year
and wlll rubrmtt tro reportl; oDe after aix moatJre and the second
at the colclusioa of the effort.

Taek Force Outlrute. The Task Force ahould writc, or providc
thc barir for wrltiug, a"a Alcs Coorrliv'ati'rg Paper oa RPVts.
The paper rhorld iaclude:

l. An evaluation of the role of RPVra vs. manned aircraft.

Z, Ae idcatification of thc cap*ilitieg aad limitatione of
RPVrg ia per{ormiag varioue migsione.

3. Aa identificatioo of proaising eyetem coacepts.

4, An ideatificatioa of technological innovatioas which
caa lcad to rnajor improvemente ia RPV capabilitiee.

5. Au RPV technology roadmap.

Memberghlp. Compositioo of the Taek Force ahould be in
coacert with the multi-Service aafure of tbe problem aad with a
need to draw out irnovative approacbes from both governmental
and iaduatrial sources. It ie uot required that all membera have
accela to rpecial intclligeacc. The Deputy Director (Tactical
lfarfare Programr) will act aa tbe cognizaot Deputy aad provide
a staff member to aupport the Taak Force.

[liir$:f 'dillffi i'8f h',lf 
rassiried

lAry E0 r3s26, Scctidn j.illtlc: 
F B.nn ,os
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ANNEX Z

TEBMS OF RTJ.ER.ENCE FOR
DSB SUMMER STIUDY OTntcmLEs

Studv Obisctive. ?hc objcctivcs of tf,is Sumaer Sardy -- as part of the eJfort of
thc DSB Taak Forcc oa Rcmotely Piloted Ycblclea (RPVre) -- are to aaccrtaia
thc caprbility of RPV's to dcatroy or aaoist ia deatroyiag etroagly defeaded

. tactlcal targcto, and to ideatify rerearch and developacat actlvities needed to
reilire ruch a capability.

The Problem. Receat U. S, orperieoce in South Eaat Asia hae demoastreted
Soriet rcgolve aad calnbility for providiag otroDg grouad baacd air defeaae
by meo.a of eeveral complementaty eysteas that are mutually eupportive
aud mobile. Soviet buildup of Egyptian elr defease woapoae but alro tbe intro-
duction of newer lreapoat, includiag the uge of infrared and clectro-optical
gutdaace techaiquee. . TbuE, rcaliatic asseasmert of thc future tactical air
combat cavironmeat poiuts to aa iacreaeiag aumber of eituetions where attri-
tioa of maaaed aircraft vould clther be unacceptably high for a euetained tac-
tical campaigu, ot the coet of providiog adequete aupport forcee for ECM, de-
fcare rafuratioa, ctc., would bccomc prohibitivefy high. In additio, raore

.rituatioaa cas be expected to arise wbere pottttcally-derived nrles of culagc-
meat slll prohibit the prcaence of U. S. aircrcwc iD a combet roac. Oa tbc
othcr hand, ladircct fire weapona are leeg costralDed by stroDg aaeray dofenaee
but lece thc problcm of accuratc rcal tlnc porition detenalaatloa of polat
aad aobllc targets t'hat are out of mage of a folrard oboerver. RPVrc appear
to oficr rolutioar to all threc aopcctE of tbis problcn of deatroying tactical
tatgcts, Xte rralidity and implicatioag of euch aolutioas aecd to be eramiald.

Study Aperoach. Tbig DSB Shrdy ghould conc€Btrate oa illunlnatbg the nariouc
ecpcctr of l:ed elrproachea to deatroylng tactical targeta vlth tbe aaaistancc of
RPVta -- e.9., daetrrrctioo by RPYrg of defeage 'rcapolrr, thcir cotrol facil-
iticl, or other prlae targete; target deaiguetio for temirrat guidance of ataad-
oIf reepoar; ECM tupport of rtrike alrcraft. lYbllc rccolraisEance miarioos
rrill riot be addregscd as a primo objocdve of the slrrnns, ehrdy, paet aad
prcaGrt U.S. actiriticr in thig ficld do coaatitutc tbetratete-of-thc artil ia RPV
tccbaology, aad oporatioa aad thir aurt bc clcarly delincated by thc Stttdy
Group bcfore proJccting aeodod tcchaologicrl dcrzclopucats. Thie proJect rnutt
ebo ta},o lato tcoqurt relonaat tecbaisal adraaccc ia tbc fialdr of clcctrouic
courrtcraceauroa, aurrellla,Dce a,nd intelllgeacc wtich have aot bcoa trEas-
fcrrcd to rclrtcd el4iicatlour, luch aa RPVra, due to rccurity-rctated organi-
letlorl bonderice.

Studv Araa, Tbc lolloving areas coyer nort of thc kcy lactom to bc con-
rldcrcd bd the DSB S@raer SadY,

.DECI-^gs!cl:n " ' F[.,LL
Atrit:onty: ! ) ..,:,lij
Chi of , R-er^: ;,, -. i:,,.-r _:,: 0i,.,, \. ./l-rs
Date: t3J4r,ltrU
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l. Required Seacor aad Dtrpl.ay -haracterieticr for target acguiBitions,

veapql aimiag, aad mid-corrac navlgatioa.

Data Lint, characterlgtice with rcspcct to iafotnation bandwidttr, multiple
RPY opcratioa, reslstaace to Jammi-g, tld use of relays (iacluding
ratellitcr).

3. Uacoaveatioal vebl.cle coufiguratioaa that are aot congtraiaed by the
prcrencc of E8lr; low cort vehiclc conotnrctioD, and cquiprnent tecb-
niguec to rcadcr crpeadablc RPVre ccoa@ically fcaaible.

4. Alternatively, meaeuree to erhaucc RPV aurvivabilitl -- c. g. , small
olae, Im tader croas sectioD -- thcrcby pcrmittiqg rccovery and re-use.

5 Baeiagr Lauach Goatrol and Rccovcry tecbaiguos that ate compatiblc with
the ope ratioael eaviroil:oeEt.

6, RPV payloadc, iacluding ord.aocer aad techniquet to astist maaned systems
in the targct dcstnrctloa firnctior, c.g., RPY-carlicd target deeignators,
repeatcrr for prccire location of euemy emittelE, and active or passive
ECM payloadr.

Scenariog. Ite follmlag eceaarioe will be ueed ag a baeia for cxploriag
E-tapabilitica of RPV'g to perforrn importaat future Anoy, Narry aad Air
force u,igeioos acrosa B Bpcctrun of realietic eitnatioae. Ihe firgt trro sccD-
arioe dcal with a large acalc coavcationel attack by'lYarsaw Pact Forces
agaiDat NATO ia Geatral Europe. Thc third aud fourt'h aceaarios relate to
limited sarfare in the middlc East.

l. Defeat Hearry Armorcd Ualte, -Cqntrel Elqrqlggq}ggq.

2,

Ia the poetulated rituation, part of a mid-to-high iatensity coavcntional
war irl Ceatral Europc, a'Waraai Pact mccbanlzcd Divleioa (cornprieiag
hcavT tankr, arraorcd pereonacl carriers witb Strclla miaoilea, ttacked
artillcry aad rader-directcd aati-aircraft guae) ic leaced to be masaing
for aa attack orr oplrosi"rg }iLATO forcea. Ia ttrc rubccgucut lZ-hour
period RPY reconoaitaaaco rytteue may be able to reveal the eaemyra
mereiag tacticg to perrrrlt ptqPer deployacnt of lrtATO unlta. Grouad
Xorce effccHvcacca would be greatly improved, if tbc RPV ayetem can
locallze rrith rcal tiae precisiou iadividual cncmy mobile ualte (acpccialty
hir beavy tankr) for dcatructioa by tbc RPV itcelf aad/or by NATO in-
direct fire wcaPoaa.

Air Suoerioritv. Ccatrel Europsla Froat-
act attack' agPinat NATO forcca

through the Fulda Gap, NATO attack aircraft are vltally needcd to couater-
rct tle (tocal) aproarical supcriority of Pact grouad Iorceg. Air auperi-
ority ig andatory for auch clore air sullport operatioaa. RPVta aay be

z
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ablc to play e vltd role.la achieviqg air.4uperiortty (witbout erceeaive
attritioa od raa.oucd etteck elrcraft) ry d;bEoyfDg SAM aad anti-aircraft
gua uatto thst erc defendi'rg botJe Pact atr{ieldc ead tbclr adv'ancing grognd
forccr.

DECI.ASSIFIEO IN PART
A@EO tsrtzt
Gltlcf, thcodr & Decbec Bv, WllE
Drbr 13JAlt20t6

:i.

3.

OSD 3.3(bXs),&)
4. Naval

Study Taekg. The Shrdy of RPVrs for Deetructiou of Tactical Targete gbould:

Enaluetc the effectlvan as and deficiaucies of euch RPVta ae bave
beea uacd oparatioaally or ln demorutratioa tcstr.

Ideatify proaicing ayrtem coacepta whicb caa be lmplcmcated with
(a) edsttng tecbaology, (b! achierrable but preeently uaanallable
technology. Dstailed oyetcme cl'aracterietice requircd for Weapon
System dcfinitioo pill Not be developed.

o Ideatify aceded rcrearch proJecte for roallgiEg key tech-ology
butldiag blocke for prom,isl4g RPV tysten. (b abovcl.

o

o
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Mcmbcrahip. Thc Remotcty Pilotod Vchiclec Suromcr Shrdy rill bc coa-
ductcd by e tuk forcc of thc Dcfcaea Sclcacc Bcrd, grmporition of thc tark
forco chould be i:n coucert vith the nultt-Sgrytce D.firre of the problcm and sith
a aecd to drar out iaaovativc approae.her frm both goverameatal and induatrial
tourcc.. Ibe Dcputy Dircctor (Tactical'Par{are Prograos} will act ae tbe
cognirazt Dcputy aad provide a otall mcmbcr to aupport the tael force.

nrcl.^9gll.iin l'' FLJLL
Aullisrit,/: l':/ ) ..ri,:l(i
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ANNEX 3

BRIEFINGS & REPORTS RECEIVED BY TASK FORCE

The Taak Force oa Remotely Pilotcd Vehiclca wae briefed exteasively

on RPV eyetems aad the relevaat compoaeat tocbaologier by the cogaizaat

etaffe of the U. S. Air Force, Army aad Narry, of the Adrraaced Research

Projecte Agenry (OSD), the Inetitute of Defease Aaalyeia, and of induetrial

coatractors active in theee fieldg. The excellent cooperatioa received from

all of theee groupE ia gratefully acknowledged by the Taslc Force.

The reepective brlefing topics and ageacies are lieted below ia chroa-

ological order. This is followed by a liat of published reporta oB or rclated

to RPV'g tbat the Taek Force considere useful reference docurneate.

griefingg

Juae 15 I97I at Eglia Air Force Baec, Florida

Remotely Piloted Vebiclee for Dcfcnae Srrppresaioa
(Taak - 05), USAF Aeronautical Syctems Divicioa (AFSC)

z Modular Crtridcd Glidc Bomb
(Defeaee Suppreraioa Taek - 0t), USAF Armamaraeat Develop-

mcnt aad Tcet Ccater (AFSC)

Juac 2t, 1971 at Narral'Weapoaa Gcater, Chiaa Lake, California

3. Remotely Pilotcd Vehicle Progreme at NltrC
Walleyc I aad II

.Condor
BQM/SSM
D roae Control (inc brd.ing fl ight demoastratiou)

RPV-rclated Technology ProJccte at NWG
Airfrarae, I.afrarcd-ccaaing tyttem3r Radto Frequency sya-

tcar, f,Iarhoed Technology, Echo Raage

47
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5.

6

'rordaaace'r (Low Coat) Turbiae Eagiuee
Nava1 Wcapou Ccutcr alrd NASA Lrcwia Laboratory

July 15, 19?l Tbc Pcutagoa, IYaahingtoa, D. C.

Rarrge-Cogt Trade- o[t f,ot Sta^ad-off lf,iapone (ACMIS]
Vcblcle Cost Rcductlou

Inetihlte for Defenae Aaalytia

Staad-off Seasore aad Precieioa Iaterdiction
Advaaced Regearch Projecta Agcacy

7

I
tritfi}illl:il,lr,#asinodu?lo: lt.nf,2t)t6U. S. Army Briefiags:

.{rmy iatcregt ia RPV's, OCRD

Hietory of Arrny Drone Programe, Electronice Commard

Remotely Controlled Surface Vehicles,
Mobility Equipment Reaearcb aad Developmant Ceater

Sigraf Iatelligeace and tlcctronic lTarfare, OCRD

9. U. S. Air Force Briefioge (HQ USAF):

History of Air Forcc Drone Prograa

Invcatory of Air Force Droaes

Droae Operatioa Techaical Probletna

Threat For6carts

10. U. S. Natry Briefiag

Deputy Chicf of Navzl Ogeratioaa (Air)

July 16, l97l The Peatagon, 'f,Iarbingtou, D. C.

ll. Prcacatatioac ou their RPV-related activitice by the followiag
ladugtrial coatractors :

Tbc Bociag Compaay
Fairchild Hiller Corporatlon
Goodyear Ae roapace Corporatio

48

i



Gnrmman Aeroepace Corporation
Gyrodlme Compeay of AmericE, Inc.
Hughea Aircraft Corporatiou
Lockheed Airc raft C orporation
Nortb Amcricaa Rockwell Corporatloa (Columbue Dlvieioa)
Northrop Corporatiou
Tolcdlme Ryaa Aeroaautical .j
Te=g Instrumenta, Iacorporatcd

July 19, t97l USAF Academy, Colorado $priage, Colorado

lZ. Survey of Worldwide Droac Activities
Battelle Memorial Institute

July 20, l97l USAF Academv

Page determinod to be Unclasilied
ReYiowed Ghisf, BDD, WtlS
IAW E0 13526, Sccfion l.i
oate: it g l$ ala

Briefings on Commuaicatioas, Radio Navigatiou and Avionics:

13. Integrated Communication, Navigatioa aud Identificatioa (ICNI)
Rome Air Development Center

L4, Commuaicatioa

Spread Spectrrrm Techaiqueg for Secure Data Liaks

Airborae Modeme for Commulicatioa
AF Avionice l-aboratory

Satellite Gommunication**

Laeer Communication, AF Avionics Laboratory

15. Navigation aad Seneore

Time of Arrlval (fOA) for poeitioa fixing
Rome Alr Developmeat Ceater

+

ETrerented by apccialiete from the clectroaica ildugtry:
* Dr. Cherlcs Kaha (Magoavox)

't't Mr. Eugene Shaparsnko (Phitco Ford)
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Inertial Guidance, AF Avioaica Laboratory

Electro-Optical Seaeors, AF Avionice Leboratory

Airbornc Badars & Microwave Techuology
AF Avlmics Laboratory .,

16. Ground-baeed Elcctronic Compoaents

Displayr aad Coratrrutera*

Data ProceaeinS, AF Avioaice Lraboratory

July 21, l97l USAP Academy

Briefiage by Air Force Syeteme Commaod Staffe:

17. Aeroaautical Syetcms Divieiou (ASD)

Drone Program Overview

RPV In-House Studiee

Multi-Miseion RPV System Shrdy

RPV tt/tarr/ Machiae luterface

Page doterminod t0 be Unclassilied
Roiiewed Ghiot RDD, WllS

ffir:olf1fi!,sffin3'5

Avioaico and lfeapoas Development Programa for RPVs

18. RPV Tccbaology Preeeatatione by Air Force l,aboratoriee

Flight Vehicle Techrology, AF Flight Vehicle Laboratory

Propulaiou Syatema, AF Aero Propulaion Laboratory

Structural8Dd IR & Visrrel Caaouflage Matoriale
AF Matcriale Laboratory

RPV Support, Aeroopace Medical Reeearch Iaboratory

IErercatcd ry rpccialirt from the electroaic iaduatry:
Dr. David Shore (RCAI
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Elblisbed Reporta

Reaotely Piloted Yehicles ('rAa ldca Wboae Time Hee Coue'r) --
Roport of the Proceediage of tbe afSC/neND Symporirrm of
Mey-July l9?0 (U) i
Vohme [: Technology Baac, June 19?l SECRET

Vol"ne II: Applicatioae, Auguet 1971 SECRET

(Aveilable tbrougb DDC )

rrAn Analyeia of Remotoly Maoned Systems for SAM Site Attacko (U),'
by J. Lau ct al

RAND Corp. Report R-710, Septembcr l97l SECRET

'rFinal Report Overseer Study Effort (U)"

Eooz, Allea Applied Research Inc., Rcport No. 882-l-S, 1966

Volurne I; Cornpeudiua, SECR^ET NO I^OREIGN

Volume II: Reliability and Miecion Availabllity. SECRET

Volumc III: Miesion Requireaentr and Perofrmance,
Operational Implicatioae, Aaalysle for Plaaniag
Docrrmeotation, a^od lflar Gamee, SECRET
NO TOR.EIGN

Volume IV: Cogtr aad Coet/Effectiveueas, STGRET

rrProceediags of the TACRAC I Laad lf,artarc Symposium ([I] tt

Fcbnrary l?-19, L9?1. Sponeored byAdvaaced Rcacarch
ProJecta Ageacy

Rrblisbcd by Reaearch Aralyaia Corporction
(RAC Log No. r42403l STCRET

''An R&D Pcrrpcctive of lraarl f,rarfare (U)rr
by N. R- Auguotiac, lI Juae 1971

Vought Mlasiler ard Spacc Compaay, MSD/ES 3082, Itcm 38
SECRTT NO T'OREIGN
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6 'rProductioa Coet-Reduction Gase Studiea of Three Tactical Miseilea (U)"
C. Leatberbury, A. Kreaae, D. lYeiaer

Inetltutc for Defenee Analyeea (Syeteme E\raluEtioa Division)
Paper P-672, Septembcr 1970, SECR.ET

;

Pace determtnod t0 be Unclassiliod
Re[iewod Ghief, RDD, WHS

IAW E0 13526, Section 3.5

Date: r3JrN2016
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HISTORY Or. U. S. ARMY SURVEILI,ANCE DRONE PROGBAM

. Irr 1955, the Radiopla,nc Goupauy* initiated an in-house program to

Eodtfy aa OQ-19 propeller drinea target droae isto a eimera-carryiag

tecounaiesaoce droae. Ihis saa aamed the RP-?1. It uscd tbe stalrdard

OO-19 control eyatem aad guidaace.

' IB 1956, tbe U. S. Army decided to iaitiate a drone program. The

Army procured a total of 29 Northrop* RP-?I droncg and cha.ged their

deeigaatioa to AN/USD-1, aad aleo provided the radar ayatem from the

WW II ?5 mm AA (Sky Sweeper) grro for poaitioaiag of the droaec. Thie

radar was deaigaated ae AN/MPQ-29. Itia iaitiel tr6,ining ayrtem wae

iateaded to prepare Army uaers for fufure recoanaisaaaco droae eguilrrent,

to bc derived f,rom four develolment progranrE that were aleo cetablighed

at about tJrie time. Thece prograEls were labelcd AN/USD-Z, AN/USD-3,

AN/ IrSD-4,and AN/USD-S, aud ,had the followlug cbaracterigticr aod purpoees:

The SD-Z waa plaaned to be the eecond geueration equipment

eimilar to the SD-l. ltc SD-Z devclopmeat was iateaded to improvc

the characteriaticc of the SD-l training aystem ae reguired for a

fully opcratioaal ayatea. The competitioa for developmeat of

thc SD-Z e8s won by the Rheem Corporatioa.

ffiatptaae Gompaay bccame a Divlaiool of tJro Nortbrop Corlrcratioa
ir 195?.
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The SD-3 aad SD-4 were adrraaced coacepte uaiag uoa-state-

of-the-art vehiclcs, acnsors aod guidance/coatrol for mid-rapge

opcratioua. The 6D-3 a"ad 4 progrir.Es wore woa by Republic

Aviatioa.

The 5D-5 was a very long range (600 kml concept, ueiag a

vchicle large euough to carry multiplc oensoro, a widc-baad data

link witb aa ertremely coapler guidaace end coatrol ayatem.

Tbe eatire program, SD-z through SD-5, vac inltiated ae s materiel

developmest effort sitbout prior complcte shrdy of Army reguiremeutg or

understanding of the rneancr ia shich thege aystema would be deployed.

Ibe eatire prograsr sas modeatly funded, and withia weeks of ite initiation,

ovearurs tpcrc iacurrcd. T,lrc SD-3 and SD-4 eere ia troublc from thc vcry

begianiag becaule of tbe relatively adraaced conccpte of the eyateme. Ihe

developer of the SD-3 tvla-boom pucber tgre droae rras rrcvcr ^cble to rG-

cover the eyetem. Upoa attempted deploymeot, the recovery parachute

irnnediretcly fouled thc propeller, tctainatiag tbe flight iu diraeter. Both

the SD-3 aad SD-d werc caucellcd ar lapractical wlr.hin about tZ to l8

moafJrs after ialtiatioa. About 1960, R.heea aold ita aeroEpacc efforta to

Aerojet Geacral, vho thea took over the SD-2 development progra.u.

By f 965-66, tbe SD-5 coct bad eacalated iuto nany mlllions of dol-

lart, rhich rcrultcd in itr coacelletim by thc Amy. About this fi6s, flrs

Army dccided tbt tt accded an opratioaal eurvcillaace drone eyetem

ffi 54
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bsfore the SD-2 developacat could bc completcd. Merely by "thc rtroke

of a.pcatl the SD-l (tra;ning) ayetcm sas declered to bs an opcrttional

ayatcrtaad saa redccigaated ag MQM-57; no cbnagea were made to the

iaadequatc commaad guidance ayrtcm ttrat uicd the AN/MPCI-Z9 radar

aud poorly desigucd beacoas oa the drone.

lvlaay of the original ambitioue reguirements of the cancelled SD-3,

4 aad 5 eyetcms fouad their way iato the requiremcrts for tle SD-Z. Thue

the SD-Z (later deeignated ae MQM-58A) chaagad rapidly from a aimple

eecoad-geacration photographic aurvcillance drone eyetem to a highty

complcx multi-eeneor syatem. After hro or tfiree years of coati"aued ef-

fort, it waa found that tbe SD-Z ayalem now waa far too complor for

employmaut by Arrny troops. In addition, the SD-Z wat to uac t'he

I:otegrated Trackiag aud Control Syctcm (IGACS), which'waa Bo coatly

tbat the Army could not afford to convert it to eolid etate for produc-

tiou. About 196?, the eatire SD-Z program eas thdrcfore cancelled.

Thic lcft oaly the SD-f /MOM-57, which had ia thc meantime been dcployed

worldwide, aDd wae doing remarkably well under the circumstaacea of

uaiag World lVar II equipmcnt for guidence a^red control.

By Departmeat of the Array dlrectioa, furtJrer recoaaalgssace drone

R&D activtty waa defcrrcd petding copletiolr of tlrc TARIi-?S* rhrdy.

Thc rettetcmsat of a aunrclllaace dronc rcquircmcut by TARS-?S brought

-

* Tecttcel Acrirl Recoasrfur.acc gyetcmo ftot lgl1r
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the MQM-57 opcratioua under cloae ecnrtiny. Although a thorough etudy

by tbc Dcpartrreut of the Army Staff had rGcommeDdcd that the MCM-57

be maiataincd ia thc Aroy iaveutoryr but be up-dated witlr modera, radar

guidaacc equipmeat, the ME!M-5? prograrn vas caacelled. About $800

million bad beca epcut on the rcveral lunrelllaacc droae programs des-

cribed.

To meet the surveillaace raguiremeats defined by TARS-?S, that

stuily ,ecommeaded the developmeat of three unmanned eystems:

(l) Un-manaed Aerial Surveillaace Syetera (UASS), a

ehort range, vertical riaing aad bovering syetem.

(Zl Unmanned Aerial Vehiclc Syetem (UAVS)

(3) Unmaaned Acrial Obaervation Syetem (UAOS).

Subsequeatly, Qrralitative Military Requirements (OMR) were iseued

for UASS, and UAVS. No development has been initiated to date ia eupport

of theee etated Army requircmenta.

The Remotely Piloted Aerial Obgenrer-Deaignator RPV recom-

meaded bereln by tbc Taek forcc* ie capable to perform the aurveillaace

fuactions regrired for both UASS aad UAVS, 8ad ia additioa is capable of

laee r-deaigaatioa of targeta.

FDegcribed ia Section IV

n:ct-^91!:lED,'' FULL
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Date:13J[tr|2016
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ANNEX 5

RPV TECHNOLOGIES

Meabers of the Taak Forcc lurvcycd tle rtate of thc art aad currcat

R&D efforte in the eeveral key technologiea on shicb RPV syateme depcad.

A brief sunmery of tJrie ia givea belmr. Rclatively few serious deficienciee

iu ccnpoueat techaologies wole ooted. Thc most significant deficieaciea

arc (l) thc lack of a Jamming-reaist:,nt data lirk employing oae of severd

knosa spread-apectrtrm techaiquea, and (2) night acnaora having ruffi-

cieatly low weight and cost.

l. AirfraEre

Curreat airframe technology ie adequate for applicatioa to all RPV

missioas, in fact, modifications of available droue air{rames are bciag

ueed in e-ploratory RPV operatioaa, althougb, euch airframeo are not

optimal from the ataodpoint of coat, performaacc or operatioaal suitability.

Airframe tecbaology iaprovcmeata ebould be iad are directcd pri-

marily toward reduccd coat sith BoEo trrerfotmaace and meaeuverability

improverrents reaultiag froa recent adrraacee cuch ag eupercritical wiag

techaology aad thc coatrol cmfigured vehicle coacept. Additioosf lmprove-

Eents ia airplaac ccoaomlce aborld result from tbe modular coaccpt for

configuring rcvcral RPVtg for diffcrent mireione fro the ga"me baeic air-

ftaoe, ead frm a rela::ation of ttrc more atringcat apecificatioaa ured for

raaancd aircrrft, regerdlag factora of aafcty, qusfty altura^EcG1 aad long

life.
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Curreat tecbnology in propulaiou ie generally adequate for the eoginee

rcquired for RPV applicatioa vith thc cxcepti,oa of cost. Low coat euginee

arc available ia tbe 30 to 450 horsepovcr raage for tbe lmall, Iow-apeed

miegioa that vould be satisfied with reclprocatiag or 'Waakel eagiuee driviag

propc[ers. Both ongiae and propeller can be eilenced as required by the

misaioa. For miesioae iavolving RPV apeeds above 350 kte, curreutly

arailable turbojct aad turbofan engiaea are.euitable but expeaeive, coeting

'from $20 to $100 per lb. of thruat. In the I00 to 1000 pouad static thrust

range of iutereet for most RPV applications, go few developcd eagiaes

erist, that uaually aa engiae is eelectcd that ia larger than uecessary.

The priraary advancee reguired ia propukion technology are to rcduce

coetg rhilc maiatainiqg acceptablc perforntnc.. Gurrcnt oirrry and. I{A,64

R&D proglam. arc developiag lower eoat, ehortcr life furboJcts aad furbo-

faus, which raay achieve coatg as lov ar $10 per lb, of thnrgt. Thoae iaclude

tJre compctitive dcvelopnent of tihe ahort-life turbojet for the Naly Harpoon

cnrise miscile, aad t.hc ,{)rdaauceil TurboJet/Turbofan being developed by

NASA (Lcwic Resealch Ccatcr) ead thc Narrat Weapoas Ceatcr. UEe of the

oucb rimplcr puleeJct, at about $3 pcr lb. of thruat, rbould be coagidered

for 6orc or the L.-llaso Rpv,e for qftlcb thc hlgber eagiae nolac la aot

objectionable.
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3. Lau:lcb aad Recovery

Maay cchemcc havc bcen demonetratcd. for tatrncb from the, aurface

or au aircraft, end for rccovery oa land or ala, orby an aircraft.

Thcre are no fundamental rraaolved problemc, but it ie importaot for a

specific RPV application to select a mcthod for launch and recovery wbich

ie compatible wit.h t.he military environmeat of tbe syatem, iud wboee cost

is not an excetsive part of the overall ayatem cost. Ccrrrmercially avail-

able RATO.unita, for example, weigh about 6lo of the RPV grosg weight

aad cogt about 30f per tb. of RPV per lauach. Oa the ottrer band, para-

chute recovery witb air gnatch by a belicopter ia ercpeneive and cau accouot

4. Senaors

Great etridee have becn made in receot yeats in acaaor perform-

ance for many parts of the epectrum. Howevcr, crcept for dayltght TV,

BeDBor! of low weight aad coet with adequate (aot maximusr) performance

do not edrt aud would rcguire a coa,certed advaaced developrnent cffort.

Ia eelcctiog paranneters for developtag auch ceaaors, their compatibility

with data liak baad width and duty cycle, grouad dirplay, trcaporr (if anyl

and mleeioa charactcrictlce must be conridered. For the claases of mis-

aioae corigidered iu Sections IV to YI, tbe folloelag eeaeora arc judged to

be mort appropriate: 
::.?,;,.:,rl-,;l;,]i,,r.
Clir ri. ticc:: -,.- . i; 'r,. :..: Di", '. . i'lS
Date: 13JAN2016
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SENSOR

(l) Daylight TV wtth at
lcaet two flelda of
viev

o{n'- ,,eFtq!en ,. r FIJLL

CAPABILITY
Remote pilotiugl aud acquicition of
targeta for whlch tdac locatiou ic haowD
to a fraction of a ulle. Also, Iaeer
dbaigaation of targcte of opporhrnity
oa tnllr, rallroada, ctc.

Jllm*r*- i;,1 'f5 
unrur-"J-:: 

rri",' .'rs

l2l PLIR or TV wittr
llluriaator (illum-
iaator ia the .7 to
I mlcron band for
coavcrtueee)

A night capable vcrgion of (l).
FLIR would alao provide the cap-
ability to ree targeta obscured by
duat or rmokc.

(3) Laser liae scaanerg High quality day-night target search
over reasoaably large areaa (swatb
widttr of a mile or more).

The competitioa betseeu the FLIR aad active TV, iadicated ia (2) has

yet to be reaolved ou the baeis of coet, weight, reliability, and perforrnaace.

At thia time laser line acanasrs appear to offer the most prorniae for greatly

advaucing the aeacor capability for RPVE. In thc loager tena, vcrsatile lager

EyBtorrs (racter and liae ecan modes) promise to provide a high quality, day-

.night capability. lhe preeently e\railabte AVD-4 laser line scaDner chonld be

conaidered ia RPV erraluation sfudiee and demoaetratioar, even though its

weight (about 200 tb) fu too great for operatioaal RPV's.

Staadard TV type diaplaye are conaidered adequate for most real-

time display aecdg of RPVrr urcd ia tatgst deetnrctioa functioae. Howcvet,

for real time display of higber quality imaging Eerraora (euch as the AVD-4) it

would bc neceglary to devclo,p higbor rcaolutioa diaplays witb, eay, 5 or I0

thouraad llae capability; or to put the data oa film aad project +hc image, pro-

vidcd tbst ttre fraction of a minute time delay is ecceptable, eucb es for a

eurvcllteace mirrioa.

{0lflfHfllF 50
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5. Data. aad Control Links

A number of microcravc data asd coatrol Linkr hrve bscn developcd,

none of vhich offcr rceigtarce to jammiag bcyitnd what ir'provided by thc

directiouality of tome of tbe tatennaa used. Ihoee developed for drouc

or RPV coutrol iaclude: the Micrwave Coraraand Gridaace Syrtom (MCCS)

(AII/UPO-3), operational iro X baud for droae control; the Tri-Service,

Integratcd Target Goutrol Syatem (ITCS) (AN/USW-3), a current deverop-

meat effott uelng C Band; the Coodor link operatiag iu K band; thc Nite

Gazellc data link (operating sclectively iaL - Baud to C-Bard) being flight

teeted. The JIFDATS tri-eenrice data link (iaqgaltfication teating| haa

greater capabtlity, weight and coct thaa appropriate for tbe opcrational

RPVrc eavieioacd here.

U RPVre sithout anti-jamming provieioa prove at all aucceeoful,

the bcst countcrmeaaure arrailable to as encmy viU Ue to ja"rn thc RPV'c

wide-baad dsta lit*- Heace it is dcsirable to squlp at leaet ledvaoccd

operatioel RPV'a wltb a Jaramiag-reclataat dstt ltrL. Thic caa beat

be provided by oue or rtrore of the kaowa sprcad-rpectnrm tcchaigucr,

guch ar pseudo-raadom aoiac eacodiug, or fast-frcquency-hqppiag.

lteae rpiced cpectnrm tcchnlgueg offsr ravcral addltioal iz'porta"ut

adrraffeger for RPV operationc: eahaaccd probebility of rignaf rcccptiou;

lowcr dctectebilfty by tbe eIreay; bigh accuaacy nagiag (fot [oavtgetioa or

tGrIDoa dclivcqy); aultiple acccts of s{*'1ulta-courlt' opcratiqg RPVre to the

ITF t6t
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same frequeucy chaaael; preciae tirnc aynchrouizatioa for eeasi!,g, or weapoD

delivery. Several rpread-spectrum modems have been built, but tJrey are

too beavy aod erpeasive for use otr RPV'e.

Aa importaut need is for the developraent of a eecure light-weight,

Iow cost spread-apectnrm data liDk for commoa uae in a rraricty of RPV

syotems. To achieve thia objective developrnent effort ie alcio required

on high-powersolid ctate linoar amplifiers, and ("conformal"l phased

array anteDaas wbich caD be iaetalled ou the RPV with low drag and weight

penalty.

6. Navigation

It is generally agreed that high grade iucrtial syetcms are too expen-

eive aad/or bulky for RPY application, and that several arrailable radio

navigation syeteme caa yield saticfactory poaition determination (with

accuracies of better than 500 ft. ) for purposes of rec.onnaiesance and

target identification. Radio navigatioa cyetems euitable for tactical RPVre

include: (l) Rebroadcaot by the RPV of sigaala received from establiehed

I0RAN statioae for computatiou of the RPVre poaition at t'he ground control

etatioo; (2) tine differcace of arrival of microwavc aignal (TOA), dietauce

meaeuring equipneot (DME), or TOA aod DME in combiaation (TOA/DME)

to deterrnise RPV poeition. For RPVrE operating beyoad line of eight, vari-

oue relay platforme can bc usod -- tower!, bal1ooas, maaned tircraft,

droaee, and eatellitce.

(
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Spread lpcctrilrm eigaala (aec lnraglnh t ebovcf are lnrticularly

sell rultcd for accurate timc (d,irteacef aearrFemcat. For errmple, a'

lO0 MHs pacudo-aoi.re epcctrum eigael could have prlee duratioug of l0

nanrorecoadg which permit dirtance detetmiaation to I foot.

Pcading dcfiaition of RPY eyrtemr configuratione, prcaent R and

D cliorte ou TOA ayatcme ahould be continued.

7, Ordneace

Many ordnaacc itema dcvcloped for delivery by maaaed aircraft

arc comptible for uee with RPVts, eepecially thoee capable of carry-

iag payloede of 1000 lbc. or morE. Weight and dincariou of RPV-

compatible bmrbs, cluatcr bombs, minet, rockctr, guidcd woapotr.e

ard gunr are tabulatcd ia Ftgure 10. A nunbcr of ordoaace devciop-

meat proJcctr undcrway at the Nanal Wcapoar Gcater aud at the Air

.Force Atanamcnt Devclo;mcat and Tcrt Gcntcr sboulE fetult ia

ureful fufure eeapoue for dclivcry by RPV; tbeec lacludc pcuctreting

muritionr aad prorimity (vt) fuzea, ra ebowa ia Flgurc ll.

8. Reaote Coatrol Syatems

Coatrol of multiple RPYra operating in a tactical combat theater

aurt be iategretcd with the prerrailiag ovcrall control cyeteolof thc air-

tlrrco rrrd thc lrad combat rorc. The control ceater for 8PV'r. (CCRPV),

herc dotcdhd la tcras of a ruboyrtem of the Air Force Trcticd Air

JerflrlilIlir lol
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FIGURE IO

RPV.COMPATIBLE ORDNANCE ( T 5OO# PAYLOAD)

wErcnr ( LBS) DIMENSIONS (IN)
LENGTH DIAMETERTYPI DESIGNATION IPW HIGH-

GP
MK 8I

82
83

M 117

FRAG/CLUStER (AP/AM)
AN.MlA4
cBtt-241E
GBU-Z4/A ctc.
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FIGURE l0 (continued)

TYPICAL RPV.COMPATI BLE ORDNANCE ( coatlnued )

DIMENSIO}iIS (IN)
TYPE DET'IGNATION WEIGI{T (LB) LENGTH DIAMETER SPECITICS
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FIGURE I I

PROMISING DTVELOPMENTA L ORDNANCE I.OR RPVc

TYPE/ DESIGNATION

HARD STRUCTT'RES MT'NITION
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Coatrol Syatcm (TACS), ghould be mobile, air traasportable atrd of modu-

lar conrtructioa to facilitate deploymeat ia scveral coufiguratioaa. (Micro-

wave coatrol aud communicationg systems weie covered tn paragrapb 5

above. )

The Taek Force examined (for illuatrative purposes) a CCRPV

for the Defenee Suppression Mission which is demanding from a control

poiut.of vicm, gince it iavolvee target atrike, damage aBEessment as well

aa ECM. Six command aad coatrol functioas are ideutified to execute

such a multi-RPV mieeion:

(l) Miaeion (controller) commander

l}l Launch/Recovery Controller (phystcally located near
the launcb/recovery eite, Dot in the CCRPV)

a

(3)

(4)

(51 ECM Controller (for ECM equipmeat'in atrike or
epecial ECM-RPY|e)

(6! Imaedirte Arcccgmeut Coatrollcr
(urer ta,me dirplaye aa thc ASC and algo servcs aB a
backup AS/C)

Iadtvidual RPVrs are rlhanded over" from otre coatroller to another, ae

theae RPVre progrese through their rrarioug misaioa pbasee.

Currcat brrdware tcchaology ie adequete to implemeat tJre firnctional

reguiremeat defiacd for the CCRPV. (Diepfay techaology ie coneidered ia

a.)F^r.,.corE._^ .. , i_, :Ll_
/.,.1 r;l:,: -. ,

C,:, f, r'.e::, -_

Enroute Flying Controller

Attack/Strike Coutroller (A/SC)

)
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paratrapb 9 bclow) Soft-ware dcvelopmeat, however, will bc a major

taek.

9. Ground Digplayr aad Data Proceaainc

Dieplay congole requirementa cau be met witJr modular multi-

purpote consoles tlrat cao be used ia aay ftrnctional role. Further

analyeia ie required to defiae apecific control functioaa to be'initiated

by the operators, aad per{onoance characteristics of the display deviceg,

such aa brightueae, conttast, reaolution, character aize, dieplay density,

etc. Developmcats auch ac the AN/USA-26 dirplay aad the AN/YUK or L-304

computere reflect tbe practical requiremeate for cmall volume, lightweight,

rugged and reliable equilrnent.

To achieve further reductiou ia the physical size of tJre equipmeat,

furttrer eurpharir rbould be placcd on developmeata of flat plate dieplayc,

euch aa a flat screeo plaama dieplay. This would remove the major size

Iimitation of current coaeolea that use btrlky GRT dtaplaye.

Siace a large data base ia envicioaed for tbe GCRPV, further devel-

opraeut of rmall militarized bulk mtmory devicer would aleo be beneficial.

Current maBB Ecnory tcch"ology it repreacnted by the random accesa,

militarized plated wire rnemory developed by RADC.

10. Hurrran Factotg aad Traiaiag for Remote Operatore

f93 t33.ining lnqlrore!, a ayatem of duplicate dieplayg could eaaily

bc providcd to perrait trairreeo to obserye BPV mieaiona in real tirne.

ffi 68
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tr'urthcrrtrore, actrr.al RPV srieEioas could bc recorded for futurc play

back through training ey8teao located at U. S. traiaiag baeee. The

traiaing eyetem would be etnrctured to provide the eame ialormation

to thc traiaeea that RPV rrpilototr had while conducting t.he actual mie-

sion. The traineesr actioas could then be evaluated aad compared

witb the actual mieeion at a later time.

' Erperienccd peraoanel can aimilarly perform practice misaions

to maintain tbeir remote cootrol proficiency. Furthermorer aD uasuc-

ceaeful miasioa can be played back for aaalysis to evolve new tactics.

It ie aleo poseible to combine recoanaieeaace data from a prior

miesion with other data ou etlemy order of battle, weatber, etc. , for

complate eimulation of combat conditione. This rrould permit the

developmeat of tactice, arrd practice ia executiag tbem {or, eay, coping

with eaemy defeacea.

Paso determined to be Unclassiliod
Reiiewed Ghief, RDD' WHS

lAtil E0 13526, Scction 3.5
Date: t3JAilDl6
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