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- THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

I MAY 1986

Honorable Barry Goldwater

Chairman, Committee on Armed Services
United States Senate

Washington, D.C. 20515

P FLE

Dear Mr. Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

Of particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had

- obligated nearly 94% of its budgeted resources. This is

v unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
program,
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable Jamie L. Whitten

Chairman, Committee on Appropriations
House of Representatives

Washington, D.C. 20515

Dear Mr. Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report 1is intended to fulfill these requirements.

Of particular note are the portions addressing progranm,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case, In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources. This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
program.

Sincerely,
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable Richard G. Lugar

Chairman, Senate Foreign Relations Committee
United States Senate

Washington, D.C. 20510

Dear Mr, Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

Of particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources. This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI

program.
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable David Durenberger

Chairman, Select Committee on
Intelligence

United States Senate

Washington, D.C. 20510

Dear Mr, Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

0f particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had
obligated nearly 949 of its budgeted resources. This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable Don Fuqua

Chairman, Committee on Science and
Technology

House of Representatives

Washington, D.C. 20515

Dear Mr. Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

Of particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources. This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable Lee Hamilton

Chairman, Permanent Select Committee
on Intelligence

Washington, D.C. 20515

Dear Mr, Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report 1s intended to fulfill these requirements.

0f particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case, In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources, This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable Les Aspin

Chafirman, Committee on Armed Services
House of Representatives

Washington, D.C. 20515

Dear Mr. Chairman:

In conjunction with submissfon of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

0f particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources. This is
unprecedented in an effort of such magnftude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
program,

Sincerely,
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY qor-

Honorable Dante B. Fascell
Chairman, House Foreign Affairs Committee

House of Representatives
Washington, D.C. 20515

Dear Mr, Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Inftiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorization Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

0f particular note are the portions addressing program,
project, and task detail. Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources. This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives’
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
program.
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THE SECRETARY OF DEFENSE

WASHINGTON, THE DISTRICT OF COLUMBIA

1 MAY 1986

Honorable Mark 0. Hatfield

Chairman Committee on Appropriations
United States Senate

Washington, D.C., 20510

Dear Mr, Chairman:

In conjunction with submission of the FY 1987 budget, I am
required to submit an updated version (in classified and
unclassified form) of the 1985 Report on the Strategic Defense
Initiative submitted to the Congress pursuant to Section 1102 of
the Department of Defense Authorjzation Act, 1985 (Public Law 98-
525; 98 Stat. 2580) and House Report 98-1086. The enclosed
report is intended to fulfill these requirements.

Of particular note are the portions addressing program,
project, and task detail, Some have suggested that our request
for $4.8 billion in FY 1987 may appear to be overly ambitious.
This assuredly is not the case. In fact, in FY 1985 the SDI had
obligated nearly 94% of its budgeted resources. This is
unprecedented in an effort of such magnitude and demonstrates
that the program is on track, effectively pursuing the objectives
that have been set forth, and can be executed at the pace that
has been programmed. I am confident this Report will help provide
the basis for favorable action on the FY 1987 request for the SDI
program.
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CHAPTER I
(U) INTRODUCTION

A. (U) PURPOSE OF REPORT
(U) This report describes the coordinated Department of

Defense (DoD) research and technology program efforts needed to
meet the goals of the President's Strategic Defense Initiative
(8DI). This report responds to Section 1102 of the Department of
Defense Authorization Act, Fiscal Year 1985, (Public Law 98-525,
October 19, 1984),.

B. (U) SCOPE

(U) The scope of this report encompasses the plans for on-
going and future efforts by the DoD to achieve the goals of the
SDI. This plan describes the basic program execution by DoD
Services, Agencies, and the Strategic Defense Initiative Organi-
zation (S5DIO). The basic program comprises all SDI supported
research and technology efforts leading to decisions on whether or
not to implement a defensive strategy and develop promising
systems for defense against ballistic missiles. This report is
designed to serve as a basic tool in communicating a broad over-
view of the SDIO Program to non-SDIO agencies and groups. As
such, it is a top-level program description that can be used as
the basis for describing the program to those who need access to
its classified aspects.

C. (U) PROGRAM GENESIS
(U) 1In March 1983, the President called for an intensive and

comprehensive effort to define a long term research and develop-
ment program with the ultimate goal of eliminating the threat
posed by nuclear ballistic missiles. Two study teams were estab-
lished, the Future Strategic Strategy Study (FS3) Team and the
Defensive Technology Study (DTS) Team. The DTS, commonly referred
to as the Fletcher Study, called for the structuring of a broad-
based research and technology development effort focused on

establishing technical feasibility, as opposed to initiating

I-1
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system-level development. The recommended effort was structured
to permit a decision in the early 1990s on whether to proceed to
system-level development. The FS3, which paralleled the Fletcher
Study, concluded that it was essential that options for the
deployment of advanced defenses against the ballistic missile be
established and maintained. Such defenses, if feasible, would
offer an entirely new concept of deterring nuclear war based on

defense against attack rather than solely relying on retaliation.

(U) In January 1984, the Strategic Defense Initiative was
established as a research program based on the Fletcher Study. 1In
the same time frame, the Strategic Defense Initiative Organization
(SDIO) was formed as a defense agency to manage the DoD efforts.
Specifically, a comprehensive SDI program was defined to explore
key technologies associated with concepts for defense against
ballistic missiles. The SDIO was directed to place principal
emphasis on technologies involving nonnuclear kill concepts,
(Research on nuclear directed energy weapons is being undertaken
by the Department of Energy separately from the efforts of the
SDIO to develop an understanding of the potential of this tech-
nology and as a hedge against Soviet work in this area.) At the
same time, the SDI program protects options to deploy a limited
defense against ballistic missiles (nonnuclear if possible) as one
possible early response to particularly threatening Soviet deploy-

ments.
(U) Specific research efforts were organized in five areas:

e (U) Surveillance, Acquisition, Tracking, and Kill
Assessment (SATKA)

(U) Directed Energy Weapons (DEW) technologies

(U) Kinetic Energy Weapons (KEW) technologies

(U) Systems Analysis and Battle Management {SA/BM)

(U) Survivability, Lethality, and Key Technologies
(SLKT)

1-2
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CHAPTER II
(U) THE DIRECTOR'S OVERVIEW

A. (U) INTRODUCTION

(U) Fiscal Year 1985 was a challenging and exciting year for
the Strategic Defense Initiative Organization. Efforts were most
inventive and innovative, and events moved very quickly. That
challenge and movement have extended into FY 1986. The following

themes best characterize these early and formative years:

) (U) The shaping of the program to a better understand-
ing of the ultimate needs and the likely fiscal
constraints plus our ability to formulate an
investment strategy that allows us to reach our

goals in the light of those needs and constraints.

° (U) The emergence of new opportunities and the
beginnings of important progress in our technical
program that provide the foundations for the major

decisions we see in the future,

e (U) The beginnings of a convergence of the key concerns
and issues in the important national debate on the

Initiative.

(U) My overview will concentrate on these three points.
They provide the basic evidence to the Congress, the nation, and
our Allies that the Strategic Defense Initiative has passed
through the usual turbulence associated with the formative years
of any major new endeavor. We have plotted a course and are now
well underway. The SDIO is proceeding with a focused, goal-
oriented program to support critical national decisions about the
future thrust of the nation's strategy, policy, and tactics in the
presence of nuclear weapons. The details that follow in this
Annual Report to the Congress describe the technical and

programmatic aspects of our program and present key discussions on

II-1
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cooperative efforts with our Allies, arms control, and responsive
threats.

(U) We are committed to the President's policy to conduct
our program within the bounds of existing treaties and inter-
national agreements to which the nation is a party. We have,
therefore, chosen to describe the program in terminology
compatible with the use and interpretations of language appearing
in those treaties, particularly the Anti-Ballistic Missile (ABM)
Treaty. 1In doing so, we preempted the lexicon of the research and
development community in favor of the terminology found in inter-
national agreements. This has been done not only to underscore
our commitment to existing treaties and agreements, but also to
promote understanding by confining the discussion of SDI to one
"word set". The differences in meaning between technical and
political language are often great. For example, the ABM Treaty
refers to a component as "currently consisting of" an ABM radar,
ABM launcher, or ABM interceptor missile., The R&D community uses
"component" to describe any part, constituent or ingredient
including one of the smallest elements (such as a switch) that
makes up a subsystem that in turn makes up a system such as a
radar, etc. (Appendix H contains a more detailed discussion of

terminology.)

B. (U) SHAPING THE PROGRAM
(U) At the beginning of FY 1985, we were in the midst of

starting this major new effort with three basic tasks. First, we
needed to ensure continuity in those programs inherited from the
Services that were appropriate and relevant to the Initiative.
Second, we had to tailor other inherited programs to better fit
the needs of our endeavor. Third, we had to initiate important
new programs that both expanded and accelerated the pre-SDI
efforts in ballistic missile defense and related technologies. We
had a basic sketch of the program from the studies done in the
Summer of 1983, a well-established goal, and an investment

strategy that pushed promising technologies across a broad front

I1-2
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and at a pace that was limited, not by funds, but by the pace at
which that technology could be developed in an efficient program
that controlled risk.

(U) Section IV states our program goals and technical objec-
tives, describes how we have constructed our program in reaction
to the realities of budget allocations by the Congress and out-
lines our evolving understanding of the technology needed to
realize our goal. We have made substantive changes in the program
as the result of these pressures, so nere I would like to give you
a brief overview of the structure of our program, our current in-

vestment strategy and the changes made to the program.

(U) Although our budget requests for FY 1985 and FY 1986
were reduced by the Congress by about 25 percent, we have made
adjustments without changing our basic goal, Although we now have
to accept higher risks and more austere research, we still seek to
provide the basis for informed decisions in the early 1990s on
whether or not to develop and later deploy a defense of the United
States and its Allies against ballistic missiles. The mission of
the SDIO is to provide the widest set of technical options that
time and the resources allocated will permit. We seek the tech-
nology that can support a decision to pursue defensive options
that would provide an effective defense of critical assets, of our
nation and our Allies. But most importantly we seek to lessen the
possibility of nuclear war. 1In essence, we Seek to provide stra-
tegic defense options that could:

(U) Support a better basis for deterring aggression;
(U) Strengthen strategic stability;
(U) Increase the security of the United States and our
Allies; and
) (U) Eliminate the threat posed by ballistic missiles.

We have established our goal in the belief that technological
progress can yield the results we seek in the time frame set. We

II-3
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also believe that a program that does not aim toward providing the
basis for a development decision at a particular time is likely to

lose its focus, its dedication to its goals, and its support.

(U) To accomplish our mission, the SDIO has established a
program that has three basic building blocks:

) (U) A technology base program that includes over

50 percent of the scientific work of the SDIO. 1It
is comprised of both basic and applied research
intended to foster the birth of many innovative
ideas, provide the needed framework of knowledge to
pursue large projects, and build opportunities for

program growth.

® (U) Technology integration (proof-of-feasibility)

experiments are intended to show the feasibility of

key technologies. Emphasis is on the early resolu-
tion of major issues that, if resolved favorably,
can have a substantial impact on the success of

ballistic missile defenses over the long term,

° (U) Demonstration-of-capabilities projects involving

technology that has already been demonstrated as
feasible and must now be integrated with other sub-
systems to show that desired performance levels can
be achieved., These projects emphasize integration
of constituent elements and the performance of
functional tests to bring feasible technology into
engineering proof-of-principle. Full defensive

capability need not be tested to prove feasibility.

(U) Given these three basic thrusts within the SDIO research
program, the establishment of an investment strategy for the SDIO
has been of major importance.
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(U) The large budget reductions imposed by the Congress have
forced us continually to reevaluate our priorities, Our current

investment strategy:

) Protects the technology base,

' Increases the emphasis on proof-of-feasibility experi-
ments with increased investment in the high risk-high
payoff approaches, and

° Decreases the number and scope of capability demonstra-
tion projects.

This strategy seeks an end product that gives the U.S. the kind of
leverage necessary to make SDI work and work effectively at a
reasonable cost. Admittedly, this involves a higher element of
risk, and we need to maintain a constant vigil over the priority
settings between the technology base and feasibility experiments,
The program can afford neither to pursue "science for the sake of
science" nor to proceed with risky experiments having an inade-
quate technology base.

(U) The impact of the budget cuts has been pervasive at a
time when technology is moving forward rapidly and there is a need
to emphasize certain technical areas originally underemphasized or

over looked.

(U) The demonstration-of-capabilities activities are con-
figured into an experimental mode emphasizing key technology
issues rather than the integration aspects:

Space Surveillance Tracking System (SSTS),
High Endoatmospheric Defense Interceptor (HEDI),
Exoatmospheric Reentry Vehicle Interceptor Subsystem
(ERIS),
Terminal Imaging Radar (TIR), and

e Integration Test and Demonstration Project (ITD).

I1-5

_______H



UNCLASSIFIED

(U) On the other hand, the following areas have been
selected for greater emphasis in achieving proof-of-feasibility at

an early date:

] Ground-based free electron laser technology integration
experiment,

e Space-based neutral particle beam technology integration
experiment,

Space-based kinetic energy technology experiments, and

) A set of space pointing and tracking and experiments.

These experiments upgraded into projects are a natural outgrowth
of the SDIO's emphasis on critical path programs. They are
oriented toward resolving the key issues needed for possible
development decisions in the early 1990s. They will also provide
a timely, visible, and understandable set of milestones to measure

program progress and accomplishment.

(U) The key to the success of this approach is to in-
corporate multiple paths to successful operation and thus avoid
single point failures. The reduction of the requested budget
levels by Congress has not, as yet, had the effect of slowing pro-
ject schedules for the present proof-of-feasibility experiments.
It has had the effect, however, of not allowing the SDIO to fund
the alternative or fall-back technologies at an adequate level to
minimize program risk., In addition, it has caused us to reduce
considerably the pace of many of our demonstration-of-capability

programs.,

(U) Thus, Congressional budget reductions have had an
adverse impact on SDI research and forced major program changes,
We have been forced to reduce the effort on certain major
technologies such as space-based lasers prematurely. This will
increase significantly program risk and could cause program
slippage, thereby delaying completion and increasing total costs.
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C. (U) NEW OPPORTUNITIES: THE BEGINNINGS OF PROGRESS

(U) One of our top priorities has been to examine multilayer

defense architectures and define major factors affecting tech-
nology decisions, such as threat, survivability, lethality, and
affordability. We need to have the best possible understanding of
these issues so that we can chart a clear course for the program.
Even though the resources devoted to this particular work are
relatively modest, the importance of the results cannot be over-
stated. Nearly every element of SDIO's research is touched.

(U) By late FY 1985, Phase I of the System Architecture and
Tradeoff Study was completed by ten industrial contractor teams.
Classes of potential architectures for ballistic missile defense
were identified and key issues in achieving those architectures
explored. Phase II, with the number of contractors reduced to
five, is examining the classes of architectures and issues in
greater detail. While we have found a healthy diversity of
opinion on how to resolve key issues, we also expect agreement on
the key features of ballistic missile defense architectures.

Points of major importance that have emerged are:

o (U) The most robust architecture would combine both
space~and ground-based elements. The space-based
assets would be configured to provide effective
defense during the boost, post-boost, and midcourse
phases of the threat trajectory. They also would
provide self defense and protect against various
defense suppression threats. The ground-based
components would be used to engage the threat
during the late midcourse part of the threat
trajectory and within the atmosphere at both high
and low altitudes. The large number of opportuni-
ties to engage the threat with this architecture

leads to an expectation of achieving very low
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levels of defense leakage even if the enemy were to
proliferate his offensive forces in response to our

defense.

We must fully explore technologies that could pro-
vide systems to engage hostile ballistic missiles
in the boost and post-boost phases. The leverage
afforded by defensive action at these stages of a
hostile ballistic missile's flight can be decisive,
Conceivably, the highest payoff and the greatest
return on defensive dollar investment would occur
in these phases, before deployment of a missile's

warheads and associated penetration aids.

Peta handling, along with command and control tech-
nologies, for layered defenses must maintain a high
priority within the SDI program. Clearly, this
work is central to the concept of a layered defense
against ballistic missiles. No matter what evolves
from our research in other areas of the program,
reliable, resilient and responsive deta handling

and commahd and control capabilities are requisite.

Beyond the boost and post-boost realm, a high
priority is to conduct thorough examinations of
potential capabilities in other layers. The
capability to perform defensive engagements in the
midcourse and terminal phases is critical to the
full exploitation of the advantages of a layered
defense. These capabilities would also make
available to our future leaders the widest range of

defensive options.

Good exoatmospheric discrimination is essential to

effective midcourse defenses. 1In addition,
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midcourse defense with good discrimination
capability can reduce the impact of fast burn
boosters on the effectiveness of boost phase
intercept. Cost-effective intercept in midcourse
requires a capability to recognize light decoys
(less than one percent of the weight of a warhead).
Denying the use of light decoys exacerbates the
difficulties that fast burn boosters have in
deploying decoys. Thus, the impact of this
countermeasure on boost phase intercept is
mitigated by the increase in effectiveness of
midcourse intercept. Then, a capability for heavy
decoys (1 to 10 percent) that more closely resemble
the warhead can tip the cost exchange heavily in

favor of the defense,

[ (U) It is hard to overestimate the importance of the
generation of realistic threat models, the esti-
mation of the vulnerability of targets to the
numerous kill mechanism options being exploited,
and the development of the strategies, tactics and
technology to ensure system survivability to
mission completion. These analyses and estimates

will provide the boundaries for measuring success.

° (U) Success in nearly every element of the program is
dependent on major advances in supporting tech-
nologies for space-based electric power, power con-
ditioning, low cost devices, space transportation

and logistics.

° (U) We must accelerate examination of potential appli-
cations to the short-range threat. Our security is
inextricably linked to that of our Allies. We

cannot confine ourselves solely to an exploration
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of technologies with promise against inter-
continental range, land- and sea-launched ballistic

missiles,

{U) The architecture studies reinforce our views on the role
of boost phase intercept; discrimination of decoys from warheads;
midcourse and terminal intercept; basing of defense assets in
space; command, control, communications and battle management; and
threat modeling, survivability, and target vulnerability., At the
same time, our research has already yielded important results from
efforts specifically addressing these issues., (The details are

included in Section VII.)

° 427 In discrimination, we have seen outstanding
progress in imaging, particularly through phased-
array radar technology and signal processing
improvements, Equally important, directed energy
efforts have given us an approach to "interactive"
discrimination where we possibly can induce
signatures from objects in space that yield
discriminants (such as the radiation released from
the interaction of a particle beam and nuclear

material in a warhead).

° (U) The surveillance and sensor program areas have
witnessed impressive progress. Miniaturization and
advances in optical sensors have provided rapid
gains in surveillance technologies. Multispectral
measurements of booster, post-boost vehicle, and
reentry vehicle signatures have been obtained by
both optical and radar devices. These measurements
allow us to understand threat signatures and will
be used in the development of sensor tecnnology.
Additionally, we have achieved significant progress
in technologies for hardening of high density

microelectronic processors and infrared (IR) focal
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plane arrays against the effect of nuclear
radiation that would be experienced during a
battle.

In the directed energy field, work with atmospheric
compensation and free electron laser technologies
has progressed to the point where it appears that
the potential for large, effective ground-based
laser systems is very real.

In electromagnetic accelerator or "rail gun”
research we have shown the ability to input high
levels of power to these devices far sooner than
expected. This means that heavier projectiles

could be used and/or higher speeds attained.

In space-based kinetic energy weapons for boost-
phase intercept, we have defined a concept for a
simple chemical rocket based on low risk attainable
technology at an affordable cost that would be

effective in a near term defense.

In kinetic energy weapons, the most significant
accomplishment over the last 2 years has been the
midcourse intercept of an actual reentry vehicle by
an autonomous terminal homing interceptor. This
experiment proved the capability of a nonnuclear
interceptor launcher from a fixed ground position
to demolish an incoming ballistic missile payload
outside the earth's atmosphere at a closing speed

of over 20,000 miles per hour.

In hardening electronic circuits and devices for
computers against nuclear radiation, we have fabri-
cated and tested radiation-hardened, large scale,

integrated circuits that show the potential for
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incorporating significant onboard processing for

spacecraft in high radiation environments.

™ TQ{\ In shipboard det= collection on missile tests, we
have developed and deployed a new radar that
improves our capability for collecting detailed
date on reentry vehicles.

o (U) A distributed computer that networks several
standard commercial computers into a virtual memory
system is now operational. It is providing test

beds for battle management concepts.

) (U) 1In lethality and target hardening, we have con-
ducted many tests to analyze and quantify damage
effects and vulnerabilities to radiation and high
speed projectiles. One of the more graphic tests
involved destruction of a rocket body by a laser on
a ground range. Other tests have examined the
effects of x~rays on laser mirrors. Other effects
tests have shown that small plastic projectiles
travelling at 7 km/sec and impacting aluminum can
create major damage.

(U) We can also show progress in our dealings with our
Allies. Many of our Allies have indicated support for SDI
research and in some cases interest in participating. On
December 6, 1985, the Secretary of Defense and the British Defense
Minister signed a government-to-government agreement concerning
SVI research involvement, and other Allied governments appear
interested in similar accords.

(U) U.S. and Allied security remains indivisible and we
will continue to work closely with our Allies to ensure that, as
research progresses, Allied views are carefully considered. 1In

addition to direct Government participation in the research
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effort, Allied contributions could include innovative university
research, individual exchanges, subcontracts from U.S. industry,
or direct contractor arrangements, (Appendix G contains a more

detailed discussion of the SDI and the Allies.)

D. (U) SETTIWNG OBJECTIVES AND STANDARDS

(U) Earlier I characterized the events of the past year as
the beginning of a convergence of the key concerns and issues in
the important national debate on the Initiative and the promise of

greater relevance in future discussions.

(U) The stack of press and periodical coverage of SDI is now
nearly two yards high, but I am pleased to report that the debate
is focusing on the achievements needed before decisions can be
made. A U.S. decision about whether to incorporate defenses into
our strategic posture will be based on those criteria that we

apply to all important military system deployment decisions:

Potential Role in U.S. Strategy,
Deterrent to Surprise Attack and Enemy Escalation,

Contribution to Our Arms Control Objectives, and

Technical Feasibility,

The SDIO has the lead role in defining the feasibility and cost.
We also have an active role in assisting those who are addressing
the other critezia to ensure our results are useful and respon-
sive. How we view the relative weights and priorities of these
criteria cannot be fixed in time; the degree to which we are suc-
cessful in defining feasibility and affordability will be a major

factor in future decisions.

(U) In our role of defining feasibility and cost, we have

structured our efforts to support an early 1990s decision on
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whether to proceed to the engineering development phase by ensur-
ing the presence of several conditions. The technology needed to
proceed with confidence along a development path should be suffi-
ciently in hand. In other words, the majority of effort needed
from that point on should be engineering in nature rather than
experimental. The mission and performance envelopes should be
adequately defined. The best technical approach should have been
selected. Finally, cost and schedule estimates should be credible
and acceptable. For these conditions to be present, concept for-
mulation and technical feasibility studies would have to be
favorably completed so that questions regarding prospects for
achieving the desired goals and potential pay-offs could be

answered with reasonable certainty.

(U) There is one other important point of agreement that
needs to be stressed. There has been much discussion concerning
the relationship between scientific objectivity and partisan
politics. The scientists and engineers, both inside and outside
the government, involved with the Strategic Defense Initiative
have an obligation to hold their professions and their work to the
highest standards; that is, scientific objectivity should rise
above partisan political debate. Resolution of the technology
ambiguities can anchor the political arguments and will ultimately

lead to an informed decision.

E. (U) SUMMARY OBSERVATIONS

(U) In conclusion, several cogent themes in Secretary

Weinberger's Posture Statement capture the direction and scope of

the program. These themes bear repeating once again.

® (U) The aim of the SDI is to determine the feasibility
of a thoroughly reliable defense against Soviet
strategic and shorter-range missiles. Our research
program to determine if we can do this is well

under way;
I1T-14
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Research will last for some years, Our research
program is being conducted within ABM treaty
limitations; despite Soviet violations of that

treaty;

It is too early in our research program to specu-
late on the kinds of defensive systems -- whether
ground-based or space-based and with what
capabilities -- that might prove feasible and

desirable to develop and deploy;

The purpose of the defensive options we seek is
clear -- to find a means to destroy attacking bal-
listic missiles before they can reach their poten-

tial targets;

United States and Allied security remains
indivisible. The SDI program is designed to
enhance Allied security as well as U.S. security.

We will continue to work closely with our Allies;

We are attempting to engage the Soviets in serious
discussions in Geneva on how international security
and stability could be enhanced through a greater
reliance by both sides on advanced defensive

systems;

SDI represents no change in our commitment to

deterring war;
For the coming years, offensive nuclear forces and
the prospect of nuclear retaliation will remain the

key element of nuclear deterrence. Therefore, we
must maintain modern, flexible, and credible
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CHAPTER III
(U) PROGRAM IN PERSPECTIVE

A. (U) THE STRATEGIC CONTEXT
(U) The basic intent behind the Strategic Defense Initiative

(SDI) is best explained and understood in terms of the strategic
environment the United States faces for the balance of this
century and into the next. This nation and those nations allied
with it face a number of challenges to their security. Each of
these challenges imposes its own demands and presents its own
opportunities. Preserving peace and freedom is, and always will
be, this country's fundamental goal. The essential purpose of its
military forces is to deter aggression and coercion based upon the
threat of military aggression, The deterrence provided by U.S.
and Allied military forces in the past has permitted the American

people and our Allies to enjoy peace and freedom.

(U) For the past 20 years, assumptions of how nuclear deter-
rence can best be assured have been based on one basic idea. That
is, if each side maintains the ability to retaliate against any
attack and impose on an aggressor costs that are clearly out of
balance with any potential gains, this threat will suffice to pre-
vent conflict., The estimate of what United States forces have had
to hold at risk to deter aggression has changed over time. Never-
theless, the strategy of basic reliance on retaliation provided by
offensive nuclear forces as the essential means of deterring
aggression has not changed. This assumption served as the
foundation for the U.S. approach to the Strategic Arms Limitation
Talks (SALT I). At the time the process began, the United States
concluded that deterrence based on the capability of offensive
retaliatory forces was not only sensible but necessary. We
believed that both sides were far from being able to develop the
technology for defensive systems which could effectively deter the
other side. However, the Soviet Union has failed to show the type

of restraint, in both strategic offensive and defensive forces,

III-1

UNCLASSIFIED

e ——




UNCLASSIFIED

that was hoped for when the strategy was implemented and the SALT
process began.-

(U) The U.S. response to the strategic threat has, out of
necessity, undergone a period of evolution during the last three
decades in order to adapt to the changing nature of the threat
itself, The current strategic environment is characterized by (1)
improvements in Soviet strategic offensive and defensive forces,
(2) a longstanding and intensive Soviet research program in many
of the same basic technological areas which the SDI program will
address, and (3) a growing pattern of Soviet deception and noncom-

pliance with existing arms control agreements.

B. (U) THE CHALLENGE TO U.S. SECURITY

(U) The Soviet Union remains the principal threat to U.S.

security and that of its Allies., As part of its wide-ranging ef-
fort to increase further its military capabilities, the Soviet
Union's improvement of its ballistic missile force has increas-
ingly threatened the survivability of forces the U.S. and our
Allies have deployed to deter aggression and of the leadership
structure that commands them. It equally threatens many critical
fixed installations in the United States and in Allied nations
that support the nuclear retaliatory and conventional forces which
provide the collective ability to deter conflict and aggression,

(U) Since 1969 when the SALT I process was just starting,
the Soviet Union has built five new classes of intercontinental
ballistic missiles (ICBMs) and upgraded these seven times. As a
result, their missiles are much more powerful and accurate than
they were several years ago. The United States, in contrast,
introduced its last new intercontinental ballistic missile, the
Minuteman III, in 1969, which has been upgraded once, and is now
dismantling the obsolete Titan missiles. The alarming growth,
both in gquantity and quality, of Soviet ballistic missiles over
the last decade is yielding a prompt hard target force capable of
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rapidly and significantly degrading our land-based retaliatory
capability. The resulting asymmetry between Soviet and U.S. force
structures has led to a destabilizing situation, one that the

Reagan Administration believes strongly must be redressed.

(U) At the same time that it has worked to improve its
offenses, the Soviet Union has continued to pursue strategic
advantage through the development and improvement of active
defenses. These active defenses provide the Soviet Union a
steadily increasing capability to counter the retaliatory forces
of the U.S. and its Allies, especially if those forces were to be
degraded by a Soviet first strike. Even today, Soviet active
defenses are extensive. For example, the Soviet Union possesses
the world's only operational antiballistic missile system,
deployed around Moscow. The Soviet Union currently is improving
all elements of this system. The Soviets are also developing
components of a new ABM system that apparently are designed to
allow them to construct individual ABM sites in a matter of months
rather than the years requ red for more traditional ABM systems.
The Soviet Union also has the world's only operational anti-
satellite (ASAT) capability. It has an extensive air defense
network, which it is continuing to improve, and it is aggressively
improving the quality of its radars, interceptor aircraft, and
surface-to-air missiles., It also has a very extensive network of
ballistic missile early warning radars. All of these elements
provide them an area of relative advantage in strategic defense
today and, with logical evolutionary improvement, could provide
the foundation for a decisive advantage in the near future if the

U.S. does not take steps necessary to counter these activities.

(U) The Soviet Union is also spending significant resources
on passive defensive measures aimed at improving the survivability
of its own forces, military command structure and national leader-
ship. These efforts range from providing rail and road mobility
for its latest generation of ICBMs to extensive hardening of

various critical military and civil defense installations,
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(U) For over two decades, the Soviet Union has pursued a
wide range of strategic defensive efforts, including advanced ABM
research and development. The resulting trends have shown steady
improvement and expansion of Soviet defensive capability,
Furthermore, current patterns of Soviet research and development
on advanced defenses indicate that these trends will continue
apace for the foreseeable future. If unanswered, continued Soviet
defensive improvements will further erode the effectiveness of the
United States' existing deterrent, based almost exclusively on the
threat of retaliation by offensive nuclear forces. Therefore,
this longstanding Soviet program of defensive improvements, in
itself, poses a challenge to deterrence which must be addressed.

(U) Finally, the problem of Soviet noncompliance with arms
control agreements in both the offensive and defensive areas, in-
cluding the ABM Treaty, is a cause of very serious concern.
Soviet activity in constructing the new phased-array radar near
Krasnoyarsk, in central Siberia, has significant consequences.
When operational, this radar, due to its location, and the
location of others in the new network, will increase the Soviet
Union's capability to deploy a territorial ballistic missile
defense. Recognizing that such radars would make that
contribution, the ABM Treaty expressly bans their construction at
interior locations as one of the primary mechanisms for ensuring
the effectiveness of the Treaty. The Soviet Union's activity with
respect to this radar, due to its location and orientation, is in
direct violation of the ABM Treaty.

(U} Against the backdrop of this Soviet pattern of noncom-
pliance with existing arms control agreements, the Soviet Union is
also taking other actions which affect this country's ability to
verify Soviet compliance. Some Soviet actions, like their in-
creased use of encryption during missile testing, are directly
aimed at degrading the U.S. ability to monitor treaty compliance.
Other Soviet actions, too, contribute to the problems that must be

faced in monitoring Soviet compliance. For example, Soviet
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increases in the number of their mobile land-based ballistic
missiles, especially those armed with multiple, independently-
targetable reentry vehicles, and other mobile systems, will make
verification less and less certain. If the United States fails to
respond to these trends, there may come a point in the foreseeable
future where the U.S. would have little confidence in its
assessment of the state of the military balance or imbalance, with
all that implies for the country's ability to control escalation

during crisis.

c. (U) RESPONDING TO THE CHALLENGE

(U) In response to the long term pattern of Soviet offensive

and defensive improvements, the United States is compelled to take
complementary actions- designed both to maintain security and sta-
bility in the near term and to ensure these conditions in the

future., It must act in three main areas.

(U) First, offensive nuclear retaliatory forces must be
modernized. This is necessary to reestablish and maintain the
offensive balance in the near term and to create the strategic
conditions that will permit the U.S. to pursue complementary
actions in the areas of arms reduction negotiations and defensive
research. In 1981, the U.S. embarked on a strategic modernization
program aimed at reversing a long period of decline. This modern-
ization program was specifically designed to preserve stable
deterrence and, at the same time, to provide the incentives
necessary to cause the Soviet Union to join the U.S. in
negotiating significant reductions in the nuclear arsenals of both
sides.

(U) 1In addition to the U.S. strategic modernization program,
NATO is modernizing its longer-range, intermediate-range nuclear
forces (LRINF). Our British and French Allies also have underway
important programs to improve their own national strategic nuclear
retaliatory forces. The U.S. SDI research program does not negate
the need for these U.S. and Allied programs. Rather, the SDI
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research program depends upon collective and national moderniza-
tion efforts to maintain deterrence today as options are explored
for possible future decisions on how we might enhance security and

stability over the longer term.

(U) Second, steps must be taken to provide future options
for ensuring deterrence and stability over the long term and must
be taken in a way that allows the U.S. both to counter the
destabilizing growth of Soviet offensive forces and to channel
longstanding Soviet propensities for defenses toward more
stabilizing and mutually beneficial ends. The Strategic Defense
Initiative is specifically aimed at achieving these goals. 1In the
near term, the SDI program also responds directly to the ongoing
and extensive Soviet anti-ballistic missile effort, including the
existing Soviet deployments permitted under the ABM Treaty. The
SDI research program provides a necessary and powerful deterrent
to any near term Soviet decision to rapidly expand its anti-
ballistic missile capability beyond that contemplated by the ABM
Treaty. This, in itself, is a critical task. However, the
overriding, long term importance of SDI is that it offers the
possibility of reversing the dangerous military trends cited here
by moving to a better, more stable basis for deterrence and by
providing new and compelling incentives to the Soviet Union for
seriously negotiating reductions in existing offensive nuclear

arsenals,

(U) In our investigation of the potential of advanced defen-
sive systems, the U.S. seeks neither superiority nor unilateral
advantage. Rather, if the promise of SDI technologies is proven,
the destabilizing characteristics of the current strategic
environment can be rectified. And, in the process, deterrence
will be strengthened significantly and placed on a foundation made
more stable by reducing the role of ballistic missile weapons and

by placing greater reliance on defenses that threaten no one.
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(U) Third, the U.S, will continue its strong commitment to
arms control. Our near-term objective is a radical reduction in
the power of offensive nuclear arms, as well as a safer
relationship between nuclear offensive and defensive arms. We are
even now looking forward to a period of transition to a more
stable world, with greatly reduced levels of nuclear arms and an
enhanced ability to deter war based upon the increasing
contribution of nonnuclear defenses against offensive nuclear
arms., A world free of the threat of military aggression and free
of nuclear arms is an ultimate objective to which the U.S., the

Soviet Union and all other nations can agree.

(U) To support these goals, this country will continue to
pursue vigorously the negotiation of equitable and verifiable
agreements leading to significant reductions of existing nuclear
arsenals. As it does so, it will continue to exercise flexibility
concerning the mechanisms used to achieve reductions but will
judge these mechanisms on their ability to enhance the security of
the United States and its Allies, to improve strategic stability

and to reduce the risk of war.

(U) At the same time, the SDI program is being conducted in
full compliance with the ABM Treaty. If the SDI program yields
positive results, the U.S. will consult with its Allies about next
steps. The United States would also corsult and, as appropriate,
negotiate with the Soviet Union, pursuant to the terms of the ABM
Treaty which provide for such consultations, on how deterrence
might be strengthened through the phased introduction of defensive
systems into the force structures of both sides. This commitment
does not mean that the United States will give the Soviets any
veto over a future U.S. decision on strategic defense. 1In
anticipation of a possible future decision to deploy defenses, the
U.5. has already begun the process of bilateral discussion with

the Soviet Union in Geneva to address questions related to our
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objective of a jointly-managed transition integrating advanced
defense into the forces of both sides.

D. (U) THE ROLE OF THE STRATEGIC DEFENSE INITIATIVE

(U) In summary, the President's Strategic Defense Initiative

is an important effort to find a fundamental improvement in the
long-term security of the U.S. and its Allies, and to provide a
better response to the growing Soviet offensive and defensive
threat. Recent advances in defensive technologies warrant a new
evaluation of ballistic missile defense as a basis for a safer
form of deterrence, more consistent with U.S. values. Possi-
bilities for maintaining security by means of an enhanced ability
to deter war through an increasing capability to defend against
attack--rather than through sole dependence on the threat of
nuclear retaliation--deserve, and are receiving, serious

exploration,
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CHAPTER 1V
(U) GOALS AND TECHNICAL OBJECTIVES

A, (U) INTRODUCTION
(U) This section describes the basic guidance under which

the SDIO program is executed and the basic thrusts of the resul-
tant program. It discusses program goals, how these goals are
being turned into program requirements, how these requirements can

be met, and what the overall investment (funding) strategy is.

B. (U) GOAL OF THE STRATEGIC DEFENSE INITIATIVE
(U) The goal of the SDI is to conduct a program of vigorous

research and technology development that may lead to strategic
defense options that would eliminate the threat posed by ballistic

missiles, and thus:

® Support a better basis for deterring aggression;

® Strengthen strategic stability; and

e Increase the security of the United States and its
Allies,

The SDI seeks, therefore, to provide the technical knowledge
required to support an informed decision in the early 1990s on
whether or not to develop and deploy a defense of the U.S. and its
Allies against ballistic missiles.

(U) Program success in meeting its goal should be measured
in its ability both to counter and discourage the Soviets from
continuing the growth of their offensive forces and to channel
longstanding Soviet propensities for defenses toward more
stabilizing and mutually beneficial ends. Furthermore, the SDI
program §rovides in the near term a definitive response to the
Soviets' vigorous advanced anti-ballistic missile (ABM) research
and development effort. Thus, the SDI could act as a powerful

deterrent to any near term Soviet decision to expand rapidly its
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anti-ballistic missile system beyond that contemplated by the ABM
Treaty. Nonetheless, the overriding, long term importance of the
SDI is that it offers the possibility of reversing dangerous
Soviet military trends by moving to a better, more stable basis
for deterrence. It could provide new and compelling incentives to
the Soviet Union for serious negotiations on reductions in

existing offensive nuclear arsenals.

(U) There are no preconceived notions of what an effective
defensive system against ballistic missiles should entail. A
number of different concepts involving a wide range of tech-
nologies are, therefore, being examined. No single concept or
technology has, as yet, been identified as the best or most appro-

priate.

C. (U) THE BASIC REQUIREMENTS
(U) A strategic defense system developed following the

Strategic Defense Initiative Program, like any other major

military system, would have to meet three specific standards,

(U) Advanced defenses must be adequately survivable, They
must not only maintain a sufficient degree of effectiveness to
fulfill their mission even in the face of determined attacks on
the defense, but also maintain stability by discouraging such
attacks. Survivability means then that the defensive system must
not be an appealing target for defense suppression attacks. The
offense must be forced to pay a penalty if it attempts to negate
the defense. This penalty should be sufficiently high in cost
and/or uncertain in achieving the required outcome that such an
attack would not be contemplated seriously. Additionally, the
defense system must not have any "Achilles Heel." 1In the context
of the SDI, survivability would be provided not only by specific
technical "fixes" such as employing maneuver, sensor blinding and
protective shielding materials, but also by such strategy and
tactical measures as proliferation, deception, and self-defense.

IvV-2
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System survivability does not mean that each and every element of
the system need survive under all sets of circumstances; rather,
the defensive force as a whole must be able to achieve its
mission, despite any degradation in the capability of some of its

components.

(U) The second requirement is military effectiveness. A
defense against ballistic missiles must be able to destroy a
sufficient portion of an aggressor's attacking forces to deny him
confidence that he can achieve his objectives. 1In doing so, the
defense should have the potential to deny that aggressor the
ability to destroy a militarily significant portion of the target
base he wishes to attack. Furthermore, if a deployed defensive
system is to have lasting value, technology and tactics must be
available that would allow the system to evolve over an extended
period, in order to counter any plausible "responsive" threat.
Such a robust defense should have the effect of deterring a strong

offensive response and enhancing stability.

(U) Third, we will consider, in our evaluation of options
generated by SDI research, the degree to which certain types of
defensive systems, by their nature, encourage an adversary to
overwhelm them with additional offensive capability while other
systems can discourage such a counter effort. We seek defensive
options -- as with other military systems -- that are able to
maintain capability more easily than countermeasures could be
taken to try to defeat them. This criterion is couched in terms
of cost-effectiveness, However, it is much more than an economic

concept.

D. (U) IDENTIFYING DEFENSIVE OPTIONS

(U) If the program is to support future decisions on defens-
ive options, diverse efforts producing essential answers to criti-

cal issues must converge. Affordable ballistic missile defense
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architectures must be identified. The technical feasibility and
readiness for development of survivable and cost-effective systems
capable of meeting and sustaining the performance needs of the
architectures must be established. The doctrine and concepts of
operation for applying the system elements of the preferred archi-
tectures must be formulated., Practical paths for implementing the
strategy and deploying defenses in the context of foreign rela-
tions and arms control must be defined.

(U) Since FY 1984, the SDIO has pursued efforts to identify
the above requirements through the System Architecture Studies.
The purpose of these studies is threefold. The first is to
provide an initial definition and assessment of several alter-
native constructs of systems (architectures) that can detect,
identify, discriminate, intercept and negate ballistic missiles in
their boost, post-boost, midcourse and/or terminal phases. A
second purpose is to provide a complete and balanced set of tech-
nological and functional requirements. This is accomplished by
identifying the key trade-offs for sensors, weapons, command,
control, communications, and supporting subsystems that can make
the individual architecture viable and cost-effective. A third
purpose is to define and prioritize critical technical issues that
must be resolved before future decisions can be made on whether or

not to implement a given defensive strategy.

(U) The task of identifying reasonable defense architectures
is an ongoing one. The evaluation and analysis of SDI technolo-

gies and designs must necessarily evolve as research progresses.

Two important elements are integral to this task--(1) the analysis
of potential responsive threats with which a proposed defense
would have to cope and (2) the development of appropriate sce-

narios for use in simulations and evaluations.

(U) The value of these studies, even at the generic level,
should not be underestimated. The study of possible systems
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allows the SDIO to identify critical problem areas, develop mea-
sures of system effectiveness, and evolve new concepts. Without
these steps the SDIO could not prioritize its investments. 1In
addition, useful trade-off studies are performed that, among other
outputs, may allow the SDI to discover possible synergistic rela-
tionships between subsystems, major system elements and

strategies.

(U) The SDI Program will have a number of critical junc-
tures, Clearly, the evolving description of emerging architec-~
tures will create several of these junctures., In the beginning
simple constructs are being formulated and methodologies for
evaluating systems concepts are being created. As more in-depth
steps are taken, the constructs will become more complex and the
various trade-offs and assessments of performance will become more
detailed. Ultimately, the most sophisticated architecture,
together with its evaluative process, might involve the simulation
.0f the entire defense in a battle engagement. The simulation
would assist the SDIO in analyzing the outcome of a hypothetical
battle., It would provide a measure of how well the constructs
performed, as well as estimates of how much it would cost to
develop, deploy and operate the varticular defensive options

selected.

E. (U) ACHIEVING A TECHNICAL CAPABILITY
(U) If the SDIO is to offer a high confidence basis for de-

cisions to pursue one or more defensive options, the program must
do several things. First, it must conduct a broad-based effort
that expands and accelerates the progress of technology in a man-
ner that supports the relevant architectures., Second, it must
provide the architect with conceptual designs of the system ele-
ments. Such designs are needed if the architect is to evaluate
the potential effectiveness of candidate ballistic missile de-
fenses that could be assembled and deployed from those technolo-
gies. Third, it must provide a basis for showing how those
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defense options can be operated and maintained to do the job. It
must do this research in activities that are conducted in accord-

ance with applicable U.S. treaty obligations.

(U) The SDIO must advance the technology in a logical and
timely way in three experimental thrusts. First, the most mature
technologies need to be validated in order to provide initial
options for defense architectures that are affordable, survivable
and effective. A decision in the future to proceed with a
specific initial option would implement a defense against the
threat the U.S. believes will be in place at least until early in
the next century. Alternatively, the decision could be to reserve
these options as a simple hedge against Soviet breakout and
deployment of a defense against U.S. ballistic missiles. Second,
the long term viability of future defensive options needs to be
ensured by showing the feasibility and readiness of technologies
to support more advanced defense options against an evolving and
increasingly more capable threat based on the offensive
technologies of the early twenty-first century. And third,
research needs to be conducted that encourages innovation by the
U.S. scientific community in response to the President's challenge
to aid SDI in identifying and exploiting new approaches promising

major gains in defense effectiveness.

F. (Uy THE BASIC PROGRAM BUILDING BLOCKS

(U) To meet the requirements of an early 1990s decision

milestone, the SDIO has established a program that has as its
building blocks the following elements:

e A technology base program,
® Major experiments which include:
- Technology integration experiments, and

- Demonstration-of-capabilities projects.
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(U) Well over 50 percent of the scientific work in the SDIO
falls into the technology base category. It encompasses the large
number of individual "small science" efforts, that is, programs
with small to modest funding. The work is comprised of both basic
and applied research. Some of this work involves relatively
straightforward extensions of existing technology; it also
includes high risk, but high payoff efforts. The technology base
program is intended to foster the birth of many innovative ideas.
The programmatic objective is to provide the framework of
knowledge needed to pursue integrated experiments and to build
opportunities for program growth, particularly in those

disciplines that might have far reaching impact.

(U) In order to focus and integrate this evolving
information, key projects have been chosen that are designed to
provide the needed proof-of-feasibility of the critical elements
of an SDI system. Examples of efforts that fall into this
category are: scaling experiments for a laser device, development
of new infrared (IR) sensor materials, study of lightweight
shielding material to protect both boosters and spacecraft from
laser attack, research into large structures to be used in space,
and creation of advanced software engineering techniques to

provide improved feasibility and testability.

(U) Proof-of-feasibility experiments tend to be moderately
expensive and are driven (or selected to be driven) by time
urgency. They are intended to show rapidly the feasibility of a
key technology with high payoffs. These efforts often follow the
concept of pursuing parallel technology paths when possible in
order to lower the risk of these ambitious projects. The emphasis
in these projects is on the early resolution of a major issue
that, if resolved favorably, can have a substantial impact on the
success of the long term SDI goal. Examples of such projects are:

the integration of a high power free electron laser and beam
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director, a study of a space-based neutral particle beam accelera-
tor and sensor package, a booster tracking and weapon platform
pointing experiment, and an integrated study of kinetic energy
intercept of a reentry vehicle in outer space similar to the

Homing Overlay Experiment.

(U) Experiments to prove capabilities are the next step be-
yond showing technological feasibility and the last phase preceed-
ing full scale development. Examples of these projects are the
exercise of test beds to demonstrate capabilities in tracking
missiles in the boost phase, discriminating decoys from warheads,
and hit-to-kill exoatmospheric and endoatmospheric intercept.
These experiments involve technology that has already been demon-
strated as feasible and must now be integrated with other sub-
system requirements. These projects are characterized by emphasis
on integration of constituent elements and the performance of
functional tests. They will bring feasible technology into engi-
neering proof-of-principle. Experiments at this phase give some
understanding of what are often called the "unknown-unknowns" that
must be dealt with before any reasonable thought can be given to
development and then deployment. These experiments are also
expensive and time consuming. On the other hand, integration and
further testing offer ways of avoiding more costly mistakes that
often occur due to premature decisions to develop more complex
integrated concepts. If the technology base is forced into an
excessively lean posture, then the technical risk for these
projects may become unacceptably high, that is, there will be
limited flexibility with which to perform side-steps to assure
ultimate project success. These programs can and should rely on
the technology base program for help when the inevitable unknowns
become apparent. These experiments are quite sensitive to and
driven by fiscal and time constraints. These integration projects
and functional tests have been structured to be carried out in

conformity with the restrictive interpretation of the ABM Treaty.
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G. (U) THE INVESTMENT STRATEGY

(U) Given the three basic areas of the SDI program, how are

priorities being set? The establishment of a viable investment
strategy for the SDIO has been of major importance since priori-
ties have undergone constant reevaluation due to the large budget

reductions imposed by Congress.
(U) The current investment strategy is to:

Protect the technology base;
Increase the emphasis on proof-of-feasibility experi-
ments with increased investment in the high risk-high
payoff approaches; and

° Decrease the number and scope of capability demonstra-
tion projects.

(U) The possible drawback of this approach is that the tech-
nology base program could turn into what has been termed in other
cases "technological filibustering”, that is, rejecting the "good
enough" in search for something "better". The positive view, of
course, is that SDIO would develop a better end product, one that
gives the U.S. the kind of leverage necessary to make defenses
work reliably, robustly, and at a reasonable cost. There will
admittedly need to be a constant vigil stood over the priorities
set between the technology base and feasibility experiments. The
program can neither afford to pursue "science for the sake of
science" nor to proceed with risky experiments having an inade-
quate technology base.

(U) The following examples illustrate the above points of
new philosophy. The demonstration-of-capabilities activities have

been intentionally reconfigured into an experimental mode empha-
sizing key technology issues rather than the integration aspects:
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Space Surveillance Tracking System (SSTS),

High Endoatmospheric Defense Interceptor (HEDI),
Exoatmospheric Reentry Vehicle Interceptor Subsystem
(ERIS),

Terminal Imaging Radar (TIR), and

Integration Test and Demonstration Project (ITD).

(U) On the other hand, a number of areas have been selected
for greater emphasis in achieving proof-of-feasibility at an early

date. They are:

Ground-based free electron laser integration experiment,
Space-based neutral particle beam integration experi-
ment,

Space-based kinetic energy technology experiments, and

A set of space pointing and tracking experiments,

(U) These upgraded projects are a natural outgrowth of SDI
emphasis on critical path programs oriented toward resolving the
key issues needed for the technical and programmatic inputs to the
decision in the early 1990s. These experiments will also provide
a timely, visible and understandable set of milestones with which
to measure program progress and accomplishment. The key to the
success of this approach is to incorporate multiple paths to
satisfy key needs for successful defense architectures and thus
avoid single point failures. The reduction of the requested
budget levels by Congress has not, as yet, had the effect of
slowing project schedules. It has had the effect, however, of not
allowing the SDI to fund the alternative or fall-back technologies
at a separate level to minimize program risk. The best example of
this is in the Directed Energy Program where the technology is
least mature and the number of potentially promising concepts
large--only a few technologies can be emphasized.
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H. (U) THE BASIC PROGRAM STRUCTURE

(U) With this priority-setting philosophy in hand, the pro-
gram is logically divided into three basic elements. There are
the "hardware" technology programs such as Directed Energy Weapons
(DEW) ; Kinetic Energy Weapons (KEW); Surveillance, Acquisition,
Tracking and Kill Assessment (SATKA); and Survivability, Lethality
and Key Technologies (SLKT). There are the "software" programs
such as Systems Analysis and Battle Management (SA/BM) and
Countermeasures work. There are ancillary areas that address the
threat and threat projections, in addition to an activity to

stimulate innovative science and technology.

(U) The priority decisions that affect the "hard" programs
are driven by systems requirements including possible Soviet re-
sponsive threats. These programs are described in Chapter VII,
"The Technical Challenge", and Appendices B through G. The "soft"
programs such as the "horse race" architecture studies and the Red
Team/Blue Team countermeasures work should be viewed differently
from the "hard" programs. These programs engage in studies to
uncover problems and allow for definition of the critical issues.
Such areas give the program general guidance and, when properly
coupled through appropriate feed-back loops to and from the tech-
nical programs, provide a strong focus for the overall SDI pro-

gram. These activities basically define the questions that the

hardware programs must resolve and thus define the priorities in

the face of limited resources.

(U) In the area of countermeasures, the SDIO has set up
Red/Blue technical teams to provide interchange on SDI systems and
possible countermeasures and counter-countermeasures, but we are
attempting also to mimic the higher level Soviet Government
response through the establishment of a mock "Politburo." This
approach, hopefully, will provide some semblance of a "holistic"
interpretation of possible Soviet responses to a defense deploy-
ment. Results in the form of predictions are yet to come forth,
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but will no doubt prove interesting, perhaps controversial, and
clarifying.

I. (U) THE TECHNICAL DEVELOPMENT PACE

(U) A notional schedule for research and possible develop-

ment and deployment would be comprised of four phases:

® (U) The research-oriented program, begun by the
President in his 1983 Initiative, would run into
the early 1990s when a decision could be made by a
future President and Congress on whether or not to
enter into full-scale system engineering develop-
ment. This activity will be conducted within the

constraints of our current treaty commitments.

) (U) The systems development or full-scale development
phase could begin as early as the 1990s.

e (U) A transition phase would be a period of incremen-
tal, sequential deployment of defensive systems.
This phase could be designed so that each added
increment would further enhance deterrence and re-
duce the risk of nuclear war. Prefereably, this
transition would be jointly managed by the U.S. and
the Soviet Union, although such Soviet cooperation

would not be a prerequisite,

e (U) The final phase would be a period of time during
which deployment of highly effective, multilayered
defensive systems would be completed and during
which offensive ballistic missile force levels
could be brought to a negotiated nadir, and
hopefully, eliminated.
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(U) Presently in its first phase, the SDI program is focused
to bring defense options to the point where U.S. leaders, after
consultation with the Allies, could make decisions on whether or
not to proceed. The technology needed to proceed with confidence
along a development path should be sufficiently in hand. 1In other
words, the majority of effort needed from that point on should be
engineering in nature rather than experimental. The mission and
performance envelopes should be adequately defined. The best
technical approach should have been selected by means of a
thorough trade off analysis. This involves the identification of
alternatives, examination of their feasibility, and comparison in
terms of performance, cost, technical risk and development time,
Last, cost and schedule estimates should be credible and
acceptable., For these conditions to be present, concept
formulation and technical feasibility studies would have to be
favorably completed so that questions regarding prospects for
achieving the desired goals and potential pay offs could be
answered with reasonable certainty.
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CHAPTER V
(U) KEY FUNCTIONS OF A DEFENSE AGAINST BALLISTIC MISSILES

A. (U) OVERVIEW OF THE DEFENSE ENVIRONMENT

(U) The critical requirement imposed on an effective bal-

listic missile defense system is the need to achieve low leakage
of nuclear warheads when threatened by large, sophisticated
attacks as well as attacks on the defense system itself. A
strategic defense capable of engaging appropriate targets all
along the ballistic missile flight path must perform certain key

functions:

° (U) Detection: The rapid and reliable warning of an
attack and the readying of defense assets to inter-
cept appropriate targets. This includes the capa-
bility to provide full-time surveillance of bal-
listic missile launch areas (potentially worldwide)
to detect an attack and identify its location;
characterize the composition and intensity of the
attack; determine the probable targeted areas for
confident initiation of the battle; and provide
track data to aid the defensive systems in

acquiring the targets.

° (U) Tracking, Identification/Discrimination: The pre-

cise and enduring "birth-to-death" tracking of
targets and other objects of interest associated
with a ballistic missile attack. This also
includes the effective discrimination of penetra-
tion aids and decoys; timely kill assessment; and
efficient battle management, data processing and
communications capabilities to coordinate the
defensive battle and optimize the use of defense
assets,

UNCLASSIFIED

L_—___d




UNCLASSIFIED

® (U) Interception and Destruction: The rapid, effective

and discernible kill of ballistic missile boosters,
post-boost vehicles, and reentry vehicles along the
entire f£light path of the ballistic missile. The

defense must be capable of stopping an attack rang-
ing from a single missile to massive, simultaneous
Jaunch that may require 10 or more kills per second
by the defensive weapons in the battle. Defending
against an attack while the ballistic missiles are
still at the beginning of their flight path (the

boost and post-boost phases) is attractive, for it

maximizes the number of reentry vehicles killed and
minimizes the deployment of decoys and penetration

aids.

® (U) Battle Manaqgement, Coordination: The effective

manipulation of information about the defensive
battle, the generation of displays to inform the
defense commander, and the transmission of his

decisions to the defense elements,

(U) There are two basic approaches in designing a system to
perform the necessary functions and achieve the goal of very low
leakage. The first involves the use of extremely high performance
system elements, and the second relies on redundant combinations
of system elements performing at more modest levels. It is gener-
ally accepted that an efficient defense against a high level of
threat would be a layered defense reguiring all of the above capa-
bilities. For example, with a single layer system, the failure of
any function may result in overall failure. The defensive system
would only be as strong as its weakest link. A target which is
not detected would not be intercepted and thus would leak through

the single defensive layer.

Clearly, very capable system elements would be regquired for a high
confidence single layer ballistic missile defense.
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(U) The second, and preferred, approach recognizes that
near-perfect element performance is unlikely and, even if
possible, might he too expensive. This approach envisions a
multi-tiered defense with each tier capable of performing inde-
pendently the basic functions of threat detection, tracking,
identification, pointing and/or weapon guidance, destruction, kill
assessment, coordination and self Qdefense. If an element within a
single tier fails, the target leaks through to the next tier where

the defense has another chance to detect and intercept the target.

Three independent tiers

percent, are also likely to be less

costly than a single tier that has the same total leakage since
the performance requirements for each tier can be substantially

lower than those required for a stand-alone tier.

(U) A typical trajectory of current ballistic missiles can
be divided into four phases:

° (U) A boost phase when the missile's engines are
burning and offering intense, highly specific

observables;

® (U) A post-boost phase, also referred to as the bus
deployment phase, during which multiple reentry

vehicles (RVs) and penetration aids are being

released from a post-boost vehicle (PBV};
e {(U) A midcourse phase during which RVs and penetration
aids travel on ballistic trajectories above the

atmosphere; and

° (U) A terminal phase during which RV trajectories and

signatures are affected by atmospheric drag.
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Short-range submarine-launched ballistic missile (SLBM) and inter-
mediate-range ballistic missile (IRBM) trajectories have similar
boost and terminal phases but, in most cases, have less extensive
busing and midcourse phases,

(U) For convenience, we have grouped the functions into

three headings in the discussion which follows--surveillance

(detection, initial identification), acquisition (tracking, iden-

tification/association/discrimination, kill assessment, coordi-
nation), and intercept (pointing/quidance, destruction, self
defense).

NQ Boost and Post-Boost Phases. The ability to respond

effectively to an unconstrained threat is dependent on the capa-
bility of a boost-phase intercept system., For every booster with
multiple independently retargetable vehicle (MIRV) payloads
killed, the number of objects to be handled by the remaining ele-
ments of a layered defense system can be reduced by 10 to 1000 or
more. A very important additional feature is that such kills also
disrupt the highly structured attacks that stress terminal
systems. A boost phase system itself currently is constrained by
the extremely short engagement times and potentially large number
of targets These constraints lead
to the need for a surveillance and battle ﬁénagement system with
weapons release authority based on predetermined, technically
measurable conditions for engagement. They dictate a weapons
system that can deliver enough energy to each target in the
limited available engagement time to ensure booster kill.

(U) The post-boost phase is potentially rich in information
that can be used for discrimination. As this phase of flight pro-
ceeds, the leverage decreases as decoys and RVs are deployed. On
the other hand, the post—boost phase offers from 100 to 300 addi-
tional seconds for intercept by boost phase weapons and may be the
predominant phase accesslble after certain Soviet boost phase re-

sponses.
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(U) Midcourse Phase. Intercept outside the atmosphere

forces the defense to cope with decoys designed to deceive inter-
ceptors and exhaust the force. Fortunately, available engagement
times are longer (approximately 1500 seconds) than in other
phases., This freedom from the tight timelines in the boost (150
to 300 seconds), post-boost (300 to 500 seconds), or terminal (20
to 50 seconds) phases strongly argues that a midcourse intercept
system is an important element in a comprehensive defensive capa-
bility. The midcourse system must, however, provide both early
filtering of non-threat objects and continuing attrition of threat
objects if the defense is to minimize the pressure on the terminal
system. Failure to start the defense before midcourse could re-
sult in a tenfold to several hundredfold increase in objects in
the threat cloud from multiple independently targeted reentry
venicles (MIRVs), decoys, chaff, and junk.

(U) Terminal Phase. The defended area of a terminal-defense

interceptor is determined by how fast it can fly and how early it
can be launched. Since terminal-defense interceptors fly within
the atmosphere, their average velocity is limited. How early they
can be launched depends on the requirements for discrimination of
the target from penetration aids and accompanying junk and desig-
nation to the interceptor. A requirement for independent discrimi-
nation delays launch of the interceptor and reduces the "footprint"
or defended area. Moreover, since the terminal defense of a large
area requires many interceptor launch sites, the defense is wvul-
nerable to saturation and preferential offensive tactics, Such
structured, preferential attacks lead to a desire to complement

the terminal defense with area defenses that intercept at long
ranges and provide wider defense footprints. Such a complement is
found in a system for exoatmospheric intercepts in the midcourse

phase.

(U) The phenomenology and required technology for each of
these phases of a ballistic missile trajectory are different.
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While there is considerable technical overlap of systems between
phases, it 1s useful to separate system concepts into these phases
for the purpose of discussing top-level performance goals, identi-
fying broad technical approaches to achieve those goals, and iden-
tifying key issues to be resolved. The remainder of this section
discusses these topics in the context of boost, post-boost, mid-
course, and terminal defense systems, These discussions establish
the basis for an investment strategy and for an analysis of the
technology development needed to realize defense-in-depth con-
cepts,

B. (U) BOOST PHASE (S00ST IGNITION OF POST-BOOST VEHICLE
OPERATIONS)

(U) Functional Needs

h&k Functional needs and performance goals for defensive
actions in boost phase operations are highly sensitive to assump-
tions about the number of targets to be engaged as a function of
time and/or assumed target vulnerability. The first assumption
bounds the performance of the surveillance and target acquisition
system, the battle management and data processing system, and the
fire-control. or weavon—-guidance sensors. The second assumption
(target vulnerability) has a major impact on the performance of
the weapon. Both dictate the number of weapons required., Sur-

vival and endurance of all boost phase systems are crucial,

° Y81 Surveillance. The requirement to detect launches

and associate target signatures with specific
booster tracks is fundamental. A sensor resolution
of the order of is needed with current spacing
of Soviet silos. Once launch is detected, the sys-
tem must be capable of handling

individual targets during 300 seconds in the
presence of natural interference from the sun and
earth background, and, perhaps, active deception or

countermeasure, including nuclear precursors, This
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same surveillance system would provide handover to
the midcourse tracking system that must acquire and
track the PBV during its maneuvers and initiate
birth-to-death tracking.

° Y& Acquisition. Once the individual booster tracks

have been identified, the battle management and
command, control, and communication system must
allocate individual targets or groups of targets to
a weapon or weapon platform, A sensor Or sensors
on or closely coupled to that platform must then
acquire and track the relatively cool booster body
in the presence of the hot exhaust plume. The
pointing accuracy required for this function may be
to support some
directed energy concepts. 1t can be relaxed to a
few tens of microradians for kinetic energy kill
vehicles that have terminal homing and for some

directed energy concepts.

® TS{\ Intercept. Directed energy kill mechanisms must,
in general, deliver from a few to tens of mega-
joules of energy to the booster or post-boost
vehicle. Some weapons concepts attack targets
serially using available battle time to move from
target to target. In such systems, retarget time
must be limited from a few seconds to a fraction of
a second in order to achieve the high kill rates
required. Other concepts engage targets in
parallel and do not require rapid retargeting.
Some concepts involve physically hitting the target
with a homing warhead that must be terminally
guided to within of the aimpoint.
Finally, one must sense, in near real-time, what-
ever characteristic changes occur in the target
that indicate that it has been successfully engaged
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(radical change in trajectory, premature thrust
termination, fragments, etc.). This assessment may
best be carried out by the surveillance and
midcourse tracking sensor systems external to the
weapon platform. '

(U) Candidate Technologies

(U) The candidate technologies to perform these boost phase

intercept functions are:

® Tsi\ Surveillance, Ballistic missile boost phase surveil-

lance has been performed operationally by Defense
Support Program (DSP) satellites for more than a
decade. An extensive data base exists for

This data is complemented by a number of
simulation and analysis programs and limited obser-
vations at

These data and simulation programs
provide high confidence that a space-based infrared
(IR) sensor system can be developed to provide the
sensitivity, clutter rejection, resolution, and
booster trajectory accuracy to support boost-phase
intercept requirements. Since, by design, these
sensors are not sensitive to wavelengths that pene-~
trate the atmosphere, ground-based countermeasures
would be difficult,

® 73* Acguisition. For acquisition by directed energy

weapons, is
applicable. Precision pointing and tracking of
directed energy weapons may require active visible
laser tracking. For kinetic energy kill devices,




(0)

SECRET

use of SWIR homing sensor technology appears

feasible. Blinding the sensors with out-of-band

lasers that can penetrate the atmosphere is pos-

sible but can be made extremely difficult with

filters,

Intercept. Generic weapons concepts applicable to

boost phase kill include:

(U)

(U)

Thermal kill lasers-~burn through of the
booster skin resulting in breakup of booster--
include continuous wave (CW) and repetitively-
pulsed beams at wavelengths from IR to
ultraviolet (UV).

In-depth energy deposition by particle beams-~
soft kill of electronics, detonation of high
explosives, and melting of components and
structures--include neutral and, possibly,
charged particles, Atmospheric scattering and
magnetic field effects limit target kill to
altitudes above 100 km,

Kinetic energy impact kill using homing pro-

jectiles propelled by chemical rockets or an

electromagnetic gun.

V-9
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Since a responsive threat might achieve boost-phase termination in
the atmosphere, the need to propagate the kill energy through the
atmosphere may limit the applicability of some of the candidates.

C. (U) POST-BOOST PHASE
(U) Functional Needs

(U) The post-boost vehicle's (PBV) dispensing phase begins
at the end of booster burn and ends for each reentry vehicle (RV)
or penetration aid as it leaves the PBV or "bus". Accordingly,
acquisition, tracking, and discrimination between RVs and decoys
and debris are key functions that begin in this phase and continue
into the midcourse phase. Since the target is the PBV, the target
engagement and energy delivery functions are similar to those for
boost phase.

) TS\ Surveillance. At booster burnout, the large mas-

sive and masking infrared signatures of the plume
are replaced by the modest signatures of intermit-
tent post-boost propulsion and the cool PBV body.
Observations in this phase provide the opportunity
to observe passively the RV and decoy dispersal
processes. If these processes are imaged with suf-
ficient resolution

it may be possible to see, for example,
balloons being inflated, reentry vehicles being
spun up, and masking clouds being deployed. If
groups of objects can be classified, if a track
file can be established for each group, and if the
state vectors can be handed over to a birth-to-
death tracker, the difficulty of discriminating RVs
and masked RVs from other objects in later phases
will be greatly reduced or the offense will be

forced to use fewer, more complex decoys.

R
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Y& Acquisition. The functional needs are essentially

TS\

the same as for boost phase with some differences.
One no longer needs to find the target in a large
masking signature. Precision pointing to a few
tens of nanoradians now must be accomplished on
bodies undergoing smaller but more frequently vary-
ing accelerations., While target signatures are
much, much smaller than in boost phase, they should
be large enough to support long-range acquisition
and tracking.

Intercept. One would probably use boost phase kill
mechanisms in the PBV phase. Although substantial
differences in the vulnerability of PBVs and
boosters are expected, there are no accurate
assessments of PBVs tnat support even a preliminary
estimate of their vulnerability. Since PBVs must
perform some part of their functionrs above the
atmosphere, propagation limitations no longer

apply.

Candidate Technologies

(U)
phase functions include:

Candidate technologies for performing the post-boost




° (U) Acquisition. The boost phase candidates are also
candidates for this phase.

® (U) 1Intercept. Here again, the boost phase candidates
are the candidates for PBV phase.

D. (U) MIDCOURSE PHASE

(U) Functional Needs

TS Midcourse defense is the process of detecting and
destroying RVs after their deployment from the PBV and before they
reenter the atmosphere at altitudes of about 100 km. Acquisition
or handover, tracking, and discrimination are the key functions in
continuing defense against ballistic missiles during this phase.
Assuming discrimination is possible, multiple engagement oppor-
tunities are available over the relatively long time of flight,
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Surveillance. An autonomous midcourse surveillance

function requires sensors that detect all threaten-
ing objects in the midcourse regime, rapidly reject
(bulk filter) lightweight decoys and debris that
exist in large quantities, precisely track remain-
ing credible objects (RVs and heavy decoys), dis-
criminate the RVs from most of the heavy decoys,
provide RV position and trajectory data of adequate

accuracy for firing kill devices, and perform kill

" assessment. Against advanced decoy and PBV designs

responsive to a PBV observation capability, active
and interactive as well as passive measures will
probably be essential to discrimination, As in the
PBV phase, groups of objects must be classified,
track files established, and state vectors handed

over,

Acquisition. Precision tracking of designated

objects is required to provide the position of the
target needed for intercept. This consists of
trajectory predictions accurate to a few hundred
meters over a 500-second prediction for battle
management and handover to a midcourse hit-to—-kill
interceptor. In addition, position accuracy of
about is needed for handover to acquisition,
tracking, and pointing subsystems of directed
enerqy weapons if active discrimination is
deployed. Homing interceptors must depend on cold

body tracking or designation.

Intercept. Since the targets (RVs) must be pro-
tected against the heat and forces of reentry, they
are inherently hard to thermal and impulse kill
mechanisms. Kill by neutral particle beams
requires' depending on the kill
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mechanism (such as, electronics or structural
kill). Kinetic energy weapons may be required to
deliver of impact energy
depending on the impact geometry and projectile
shape. For high confidence, kill mechanisms must
deliver a few tens of megajoules of enérgy to the
target. The long duration of the midcourse tra-
jectory (1500 sec) offers opportunities for mul-
tiple engagements even with modest interceptor
velocities.

{U) Candidate Technologies

(U) Candidate technologies for performing the midcourse
functions include:

° TSW. Surveillance. Midcourse surveillance needs may be

provided by space-based platforms in low or medium
earth orbit carrying multiple sensors for multiple
functions. Passive bptics could provide long-
range detection of cold bodies against the space
background, rejection of simple lightweight
objects, and birth-to-death tracking of designated
objects. Either short-wavelength lasers or radar
are candidates for imaging, measuring body
dynamics, and precision tracking of objects as they
continue through midcourse., Neutral particle beams
are candidates for interactively discriminating
reentry vehicles from decoys that cannot be
effectively discriminated by other means. These
sensor suites would be supported by communication,

data-processing equipment, and signal processing.

° 8. Acquisition. Passive, active, and semiactive

acquisition modes are candidate implementations for

conventional chemical rocket-boosted interceptors.

V-14
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dit-to-kill interceptors using homing or
homing on illumination byl

designators appear promising. As in boost phase,
tracking and pointing for designation can be based

on technologies now under developnent.

® YS) Intercept. The long time line available for mid-
course intercept substantially reduces the relative
payoff for extremely high velocity delivery of kill
energies, and the geometry of the problem provides
a wide variety of locations for basing of weapons
with certain fundamental advantages for basing in
the continental United States (CONUS). CONUS-based
chemically-propelled interceptors using hit-to-kill
warheads would defend CONUS from a single launch
site with burnout velocities of] If
deployed in several distributed sites, these inter-
ceptors would provide two full tiers of midcourse
intercepts (shoot—-look-shoot) over all of CONUS.
Forward basing these midcourse interceptors to the
north would also provide engagement opportunities

just after the reentry vehicles reach apogee.

As mentioned previously, high
performance directed energy weapons may also have

considerable potential during midcourse phase.
V-15
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E. (U) TERMINAL PHASE
(U) Functional Needs

(S) Unlike previous stand-alone, terminal defense concepts
focused on defending hardened silos, a terminal defense is sought
which protects both urban/industrial and military targets against
the residue of an attack that has been engaged in all previous
phases of its trajectory. This requirement and the resulting con-
cept are very different from past requirements and concepts that
were limited to defense of land-based ICBMs against a heavy attack
in the absence of either boost phase defense or midcourse defense,
Additionally, a terminal defense element of a total strategic de-
fense system could serve three separate but similar functions. It
could provide the final layer in a defense-in-depth system, stand-
alone defense against depressed trajectory SLBMs, and stand-alone
capability for defense of Allies against shorter-range threats.

We have assumed in this discussion that terminal defense needs are
defined to exploit the significantly major increase in capability
possible from the attrition and discrimination in the boost and
midcourse elements of the system,

TSy The driving requirements for the terminal tier of de-
fense are a survivable and affordable system that can defend the
entire United States. Defense of soft targets demands a keep-out
altitude above which all RVs must be killed to prevent damage to

soft targets, We have selected a keep-out, which corre-
sponds roughly to overpressure on
the ground from a detonation. The need to provide this

keep~out over the entire United States requires that the defense
elements have large footprints, that is, the area defended must be
large in order to limit the number of elements needed for full
coverage. Electromagnetic pulse (EMP) hardening of the terminal
defense system would be required. Blast and thermal hardening are

also required for effects outside the ieep-out zone.

TS{ Finally, mobility of both the interceptor launchers and
the supporting surveillance would be an important objective, not

V-16
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only to avoid the survivability problems of fixed defenses but

also to provide flexibility in allocation of defense forces.

¢ N

Surveillance. The basic functions of the surveil~

lance supporting the terminal-phase system are to
acquire and sort all objects that have leaked
through early defense layers and to identify the
remaining RVs., Such actions will be based, where
possible, on handovers from the midcourse engage-
ments. Terminal defense must maintain, as an
autonomous final line of defense, a separate
surveillance capability while being able to use
previous track files (if they are available) for
efficiency. The system must be able to use
atmospheric filtering to discriminate against junk,
that is, buses, tankage, RV deployment hardware,
and the debris created by destruction of the attack
in the late boost phase and midcourse flight.
Although only a small fraction of the lethal RVs
will reach the terminal tier intact, junk from the
entire attack may arrive over the United States.

Implied is a terminal tier that can filter out

|To accomplish these

functions, surveillance should detect arriving

targets above about and continue tracking
through the altitude regime where
‘can be

used to discriminate, Precise measurement of the
position of each object {to accuracies of a few
hundred meters) is required just before the inter-

ceptor is committed,

Acquisition., In the 1106 to 75 km altitude region,

an interceptor must be committed to each threaten-

ing object and given data to perform a "space-point

V-17
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intercept”, that is, it flies under inertial con-
trol to its assigned point in space; on arrival at
tnat point, the interceptor acquires its target on
its seeker and homes to kill its target. Homing
accuracies depend on the warhead used. For kinetic
energy mechanisms, in a homing time of about

after sensor acquisition at | ' the interceptor
must be guided to the order of accuracy for the
warhead pellets to be delivered to the target. In
order to correct the seeker-handover error in the
very short time available, the homing vehicles must
have good maneuver capability and very fast control

system response.

o TS{‘ Intercept., The interceptor must have very hign

acceleration and burnout velocity on the order of
FPor targets that require the interceptor

to fly a considerable distance, the intercept will
take place below ‘but not below the keep-out
altitude of: . The high velocity of the inter-
ceptor permits it to have a relatively large foot-
print (defended area) of about and
since intercepts are above cloud cover, a light-
weignt passive optical seeker can be used. Kinetic
energy warheads will have adequate lethality pro-~
vided that the miss distance can be kept low.

(U} Candidate Technologies
hQ\IThe technology requirements for a terminal defense
system which can meet a limited threat are well defined and

relatively mature as a result of the ongoing research program,
Both target acquisition and tracking and interceptor/kill vehicle
requirements have been analyzed extensively. The candidate tech-

nologies emerging from such studies are:
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T&k Surveillance. A well-defined concept uses an airc-

borne optical sensor that would detect arriving
reentry bodies using B Sensors and initiate
angle-only tracking on those above an established
threshold. The sensor must be located above the
clouds on a continuously patrolling, high-~altitude
platform that can carry enough sensors to detect
and track, redundantly, all credible objects. This
sensor could provide data necessary for discrimina-
tion., A laser or radar would precisely measure the
position of each object and refine its track just
prior to handover to a ground-based terminal radar,
The footprint of an airborne optical sensor would
be much larger than that of the interceptor. A
goal of the research program is an A0S with a range
capability beyond on a target having an
emissivity area as small as | A coherent
radar capable of very high range resolution could
provide high endoatmospheric discrimination of
sophisticated decoys. The radar could track and
image objects designated by the airborne sensor
prior to interceptor commitment. This type of very
narrow-beam radar would be inherently very re-

sistant to jamming.

}S{ Acquisition. In nonnuclear intercepts, track-~

ing and laser fuzing are candidates to perform the
required functions. The high interceptor burnout
velocity requires that the seeker be protected by a
fairing during flyout, BAfter the fairing is
jettisoned, the seeker window must be cooled until
the intercept is completed, For short-range
intercepts, the burnout velocity must be limited by

thrust termination.




SEERET

° \TS$ Intercept. The leading candidate for a nonnuclear
warhead is one that weighs on the order of
uses pellets for kill, and is

F. (U) SPECIAL CONSIDERATIONS——SHORTER RANGE BALLISTIC MISSILES
&) Slower reentry speeds, greater angle of reentry, less

MIRVing, fewer penetration aids, plus botentially low apogees of
depressed trajectory SLBMs and IRBMs pose a different set of
defense problems, It is possible these factors may provide off-
setting advantages in defending against shorter-range systems. An
orbital boost phase intercept system of high-brightness lasers
designed for ICBM kill appears to have substantial capability as a
first tier against the IRBM and SLBM threats. The low apogees
associated with some of the shorter-range classes of IRBMs or with
depressed SLBMs make midcourse intercept difficult. However, the
limited geographical area threatened by IRBMs would enhance the

effectiveness of the terminal defense laser.

rSL Defense against tactical ballistic missiles (TBM) also
requires special consideration. However, the elements of the ter-
minal tier of a defense system against longer-range missiles could
be adapted to anti-tactical ballistic missile (ATBM) systems.
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CHAPTER VI
(U) CONSIDERATIONS IN DEFINING DEFENSE ARCHITECTURES

A. (U) THE DEFINITION PROCESS

(U) To answer some basic questions concerning the SDI it is

necessary to understand the technical requirements, define the
technology issues and identify the systems issues which need reso-
lution through either ground test or simulation. To shed light on
these issues it is necessary to perform systems concepts studies,.
Such studies are trade and sensitivity investigations across a
number of system design options involving architectures of the
components of ballistic missile defenses--the surveillance,
weapons, c3, etc. 1In studying the purpose of a system, one
naturally has to investigate the missions to be satisfied, which,
in turn, are a function of the threats confronting it and the
military strategy within which the system is operating. The
architecture study, which is in the preliminary stage, and the in-
dividual conceptual designs of the various components of the
system architecture developed in the other Program Elements
attempt to deal with these questions,

(U) The systems analysis process starts with the definition
of a defense system architecture (Figure VI.l). This establishes
the context within which various technologies may be integrated
into a system that will achieve the SDI mission. Once a candidate
defense system architecture is defined, the performance require-
ments of the defense subsystems may be established and through
that process the SDI program requirements for developing those
technologies may be determined. In establishing the defense sub-
system performance requirements, various tactics and strategies on
the part of the offense and defense must be evaluated. On the
offensive side, special consideration must be given to defense
suppression attacks, defense avoidance, etc., On the defensive
side, emphasis must be placed on configuring the candidate defen-
sive subsystems in a manner to optimize the overall performance of
the defense.
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(U) Systems Analysis and Program
Requirements Process
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(U) The analysis of the effectiveness of a candidate defense
architecture leads to a definition of the technical requirements
of the subsystems comprising the architecture and the identifica-
tion of key issues that must be resolved to make that architecture
viable, These key issues may be technology related or systems
related, and their resolution is accomplished by some combination
of ground test, field test, and simulation. The SDI, which com-
bines research in relevant technology areas with selected experi-
ments, must be structured to satisfy the technical performance
requirements established by the architectures and resolve the
identified key issues. This must be achieved within the program-
matic, fiscal, and treaty constraints, and on a schedule com-
patible with a decision in the early 1990s whether to proceed to

system development.

(U) An important objective of the SDI is the pursuit of
several candidate architecture options and the promotion of
advanced technology concepts which could form the basis for new

architectural options.

B. (U) ARCHITECTURE CLASSES

S~ Most architectures which have received serious attention

during Phase I of the System Architecture Studies, including all
thirty-odd architectures recommended by the study contractors,
drew elements from three general, but not mutually exclusive,
classes, First, architectures using space-based assets provide
rapid access to the early phases of the threat trajectory and thus
provide the defense with as many opportunities as possible to
engage the threat. Hence these defenses tend to be robust,
flexible and effective, A wide variety of space-based weapons and
sensors were considered in the architecture studies, and
architectures including space-based kinetic kill vehicles were
recommended by all the architecture contractors., A critical issue

associated with this architecture class is survivability.
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ST Second, while likely to be less effective and flexible
against large offensive threats, ground-based assets may have some
advantages in survivability over space-based assets, though this
is by no means certain. Ground-based assets also might be cheaper
and easier to maintain. CONUS- or forward-basing may provide the
ground-based system with effective access to the midcourse phase
just after apogee of the trajectory and offer repeated attack
through the midcourse phase. Access to earlier trajectory phases,
which would be required for effective defenses against moderate to
large threats, may be possible using pop-up directed energy
weapons that deliver their energy at or near the speed-of-light.
It should be noted that most defense architectures considered in
SDI incorporate both space-based and ground-based elements,

~53+ Finally, defense against shorter-range ballistic
missiles that threaten our Allies, an essential requirement of the
Strategic Defense Initiative, has such unique constraints imposed
by the threat trajectories as to warrant separate attention. The
utility of space—based assets is diminished due to shorter burn
times and shorter, lower trajectories of certain ballistic missile
threats. But this might be offset to a degree by lower numerical
threats and more extended time periods for iuse in
Allied defense situations, It is also likely that the charac-
teristics of elements which can address the shorter range threat
may be different from those of elements designed to face a threat
to the continental United States (CONUS). This architecture class
has characteristics which are unique. For example, the seguential
operation of the various elements of the defense, typical of the
first and second classes of architectures, may not be usable
against all shorter-range threats. Instead, various types of
parallel operations, taking maximum advantage of the small battle-
space, may likely find utility in this architecture class,
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cC. (U) EXAMPLE ARCHITECTURES
(U) Nonnuclear Ground- and Space—-Based Architecture

(U) Figure VI, 2 describes this particular architecture class
which uses a space-based directed energy weapon (DEW) as a

discriminator.

48T System alert is provided by one or more of a small
number of boost-surveillance satellites in high altitude orbit.
These can provide initial boost track if they can be well enough
protected against defense suppression attacks, but may otherwise
have to be relegated to a purely alerting role. The space sur-
veillance satellite provides the essential acquisition, tracking,
and discrimination functions. These satellites must be located,
proliferated and defended so as to make their function survive a
defense suppression attack. This requirement suggests a hign
altitude basing. The need to view the depressed trajectory
intercontinental and submarine-launched ballistic misgile (ICBM
and SLBM) threats (without loocking too close to the hard earth)
requires low altitude basing. It currently appears that basing a

multi-spectral sensor at approximately meets these
requirements. Space-based System Architectures consist of

mixtures of these sensors.

ﬁ&L Space-based kinetic kill vehicles (8SBKKVs) can engage
the threat in the boost, post-boost or midcourse phases of its
trajectory. The kill vehicles are required to attack substan-
tially all of the boosters or to attack substantially all of the
reentry vehicles (RVs) in midcourse if these were unaccompanied by
large numbers of penetration aids. The kill vehicles are dis-
persed over many platforms to counter defense suppression attacks,
such as ground-launched, direct~ascent ASATs. They must also
defend themselves and other space assets from potential ground-and

space—-based threats.

TSL In addition to defense suppression, a responsive offense
can shorten the burntime of the ballistic missile booster or
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depress the trajectory to diminish the effectiveness of kinetic
kill vehicles in the boost or post-boost phases and can
proliferate penetration aids to attempt to overwhelm the defense
during the midcourse phase., The desirability of achieving high
confidence in effective midcourse discrimination has led to
consideration of directed energy weapons (or even kinetic means)
to modify the behavior or signature of the penetration aids and
thereby identify them. The neutral particle beam is a promising
device to engage in this interactive or intrusive discrimination,

as are lasers of various types.

Y&}  To achieve the low leakages, a terminal defense must
effectively engage the RVs expected to leak through the space-
based and midcourse engagement regimes. Two types of ground-based
interceptors are envisioned for this purpose., One would operate
against the threat in the exocatmospheric and high endoatmospheric
regimes,
homing éénsors, and the other would opé}ate in the mid to lower
endoatmospheric regime and typically use a radar sSemi-active or

active homing sensor. Estimates of required inventory levels are

shown. Airborne! platforms and terminal imaging radars are
the sensors envisioned for operation of the terminal defense

tiers.

TS The boost phase effectiveness of a near-term space-based
kinetic kill vehicle (SBKKV) defense system may be augmented by
adding directed enerqy weapons to the architecture to deal with
offensive responses that shorten the engagement time available
during the boost phase (Figure VI.3). Among the directed energy
weapons, some high energy lasers have the advantage of being able
to counter threats before they reach space, thereby increasing
engagement time. Two alternative versions are shown, a space-
based laser and a ground-based laser using space-based relay and
fighting mirrors. 1In either case, the number of space-based DEW
elements required is small. This would allow the offense to
concentrate an attack on those assets in an attempt to destroy the
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boost phase defense capability of the system. The space-based
kinetic kill vehicles play a critical role in protecting these
space assets., When used in combination with the lasers themselves
for self-defense, they constitute a formidable defense. The
offense would have to pay a very high price to attempt to destroy
it.

TS\, The brightness levels of the lasers required to achieve
booster and post-boost vehicle (PBV) kill are more substantial
than the levels required for performing the midcourse discrimina-

tion function described previously.
?SJ More detailed trade-off studies between space-based and
ground-based laser weapons, especially in relation to surviv-

ability, have yet to be carried out.

(U) Ground-Based Weapons Architecture

734 The second architecture class of interest is one that
considers ground-based assets consisting largely of midcourse and
terminal kinetic energy weapons with a small number of surveil-
lance satellites (Figure VI.4). The satellites would be used to
provide early warning of offensive missiles detected in their
boost phase. As previously pointed out, this class is being
examined because it would rely on active defense elements not
deployed in space and could be effective in cases where the

offense is limited.

?B*\ The midcourse tier of this class of systems, in the
absence of space surveillance and tracking satellites, would
employ high altitude probes to initiate exoatmospheric engagements
at long range. The remaining components and terminal tier
function are similar to the first architecture class. That is,
the same airborne optical system (AOS), terminal imaging radar and
interceptors are used, although they must be deployed in larger
quantities to compensate for the large number of engagements that
a SBKKV would have provided.
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}&k' Recent technological developments show that DEW devices
may be able to add performance growth potential to this all
ground-based architecture by adding capability against earlier
phases of the ballistic missile trajectory and beefing up the
midcourse intercept capability., There is the prospect of being
able to build DEW devices of considerably increased brightness.

}S{ Pop-up DEW such as a particle beam weapon might be able
to assist in greatly alleviating the midcourse problem through
effective discrimination by attacking (and destroying) penetration
aids in their midcourse. With this substantial assistance, this
class becomes a much more viable candidate in moderate threat
levels.

Y&) The focus of the SDI research program is still non-
nuclear; however, another option in this class might be the use of
With appropriate basing modes,
|and pop-up DEW devices could be used to engage some
boosters before burnout and PBVs early in their bus deployment
phase. could also be used to illuminate the entire

decoy swarm. These interactive discrimination techniques could

assist substantially in the midcourse defense tier.

TS) Recent experiments on very high velocity|

kinetic energy particles indicate that hypervelocity
particles élso may have promise as part of a strategic defense in
this class. Particles travelling at such velocltlies could be used
for attacking discrete missiles in their boost, post-boost and
midcourse phases. Particles moving at very high velocities could
have a mass much smaller than SBKKVs and achieve destruction of
the target upon impact.

(U) Defense Architecture to Counter Shorter—Range Threats

TS*\ The third architecture class addresses defense concepts
in which the U.S. and its Allies are protected with existing and

supplementary new deployments to provide coverage against shorter
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range threats comprised of SS-20s, S$S-21s, S8-12/22s, 85-23s and
SLBMs (Figure VI.5). Although the nature of the threat to all our
Allies is being considered, the NATO-European theater was used to
set the requirements.

(U) Unique architectural requirements for such a defense are
determined by the different threat characteristies, the targets
implicit in the mission(s) and the target value and geographic
distributions.

The space-based early warning and surveillance systems
play a key role in timely warning, track and support for the
defense against most shorter range ballistic missiles. In addi-
tion, since the threat is much smaller, space-based kinetic kill
weapons deployed for CONUS defense can be made available as
needed, although the details of their use are scenario dependent.

) The short ranges and abbreviated times of these engage-
ments require additional fast acting tiers and shoot-look-shoot
tactics on the part of ground-based defenses in order to achieve
low leakage rates. One of the tiers will be able to use long-
range exoatmospheric and endoatmospheric interceptors. The other
must be deployed near the forward edge of defended regions exposed
to S8-21s or shortened range SS—-23s, A possible dual-mode inter-
ceptor capable of engaging these threats as well as air-breathing
cruise missile threats is shown. While the exoatmospheric/endo-
atmospheric tier works most efficiently with infrared homing, the
low-endoatmospheric tier works best with high frequency, semi-
active radar homing. An airborne fire-control component is
desirable to maximize the line-of-sight coverage, engagement per-
formance and kill assessment for these engagements.
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TS{\ The dual-mode defense systems, which are capable of
intercepting short-range ballistic missiles as well as cruise
missiles, will drive the requirements for some of the deployed
elements such as the AOS, airborne fire-control radar and ground-
based radar. Dual-mode capability provides inherent leverage
against threat tactics which could exploit and overwhelm single-
mode defensive systems capable only of anti-tactical ballistic

-missile defenses or air-defense systems.

D. (U) KEY OBSERVATIONS
(U) General
TSW. The defense would benefit from the synergism resulting

from multitier configurations. Boost and post-boost defenses
facilitate the midcourse defense by removing a high proportion of
the large MIRVed missiles from the threat environment and the
traffic that otherwise would be encountered in midcourse. In
addition, the boost phase defense forces the offense to deploy the
RVs and penetration aids rapidly or run the risk of being
intercepted before deployment is compieted. This may facilitate

the discrimination problem.

}E*\ Similarly, midcourse defense can engage RVs that may
either have been deployed early from a fast burn booster, or de-
pressed trajectory, or may otherwise have been discriminated from
accompanying penetration aids. Finally, terminal defense provides
further reduction on overall defense system leakage and plays a
critical role in the defense against depressed SLBM trajectories.

TS{ In some respects, terminal defenses are defenses of last
resort. They may have design requirements based not on the fact
that they are the last tier in a multitier defense system, but
rather on the fact that they may be needed as a defensive system
against specialized threats that other tiers in the system cannot

address.
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\i{ A defense system configured to operate in the limited
battle space available in the late midcourse through terminal
regions will only be able to accommodate a limited number of inde-
pendent tiers, As a result, the ability to achieve low leakage
with such a defense will be limited. This may be adequate for
limited threats. However, it would not provide the very low
leakage required for significant protection of U.S. and Allied
societies from particularly large threats in the unlikely event

deterrence might fail.

{U) Discrimination

L Good exoatmospheric discrimination, especially against
large numbers of is essential to effective midcourse

defenses.

(U) A midcourse defense with good discrimination can offset
the benefit an attacker would gain from fast-burn missiles. Fast-
burn boosters are expected to have fewer RVs and penetration aids,
Inexpensive ground-based midcourse interceptors could be prolife-
rated to offset poor discrimination performance against heavy

precision decoys.

TS Active laser or radar sensors that can measure body
dynanics, size, and shape of objects during and after deployment
appear to offer the best sensor-based solution for discrimination

of responsive penetration aids. Discrimination by perturbation or
kill of penetration aids with directed energy weapons offers the
potential for a reliable backup to sensor-based discrimination,
but requires a significant number of high-power directed energy
weapons with very fast retarget times, Discrimination by neuntral
particle beams also requires a large number of adjunct radiation
detection sensors in space. Furthermore, the kill of RVs

surrounded by would require either
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(1) an area kill interceptor warhead or (2) removal of
by either a directed energy weapon or a preliminary intercept
before intercept of the RV,

TS{ The SDIO is not convinced that the use of active
laser/radar for precise measurement of object dynamics will meet
all the requirements of discrimination of RVs from decoys. The
prospect of interactive discrimination with high energy sweeper
devices can impact the decoys by applving sufficient amounts of
energy - and a
little energy can “go a long way". The problem is to find ways to
expeditiously and inexpensively apply energy against objects
(decoys and RVs) and measure observed signature changes of the
affected objects. Thus, by "beating the penetration aids" the
problem faced by the sensors can be simplified, which is a
desirable goal.

(U) Survivability

(U) Assuming no change in Soviet goals and military doc-
trine, there may be a strong motivation for them to attempt to
suppress U.S. strategic defense systems and to attempt to restore
the effectiveness of their ballistic missile forces. The defense,
in turn, must be designed to operate in any plausible environment
the Soviets may create with countermeasures and still be assured

of achieving required defense mission objectives.

TS, Survivability of the defense against the suppression
threat must be intrinsic to the design of the defense., Space-
based defense components may be made to survive an intense ground-
based, direct—ascent ASAT attack by a combination of platform
hardening, maneuver, preferential self-defense and use of a highly
distributed configuration of space assets. The survivability of
space assets against high—-brightness directed energy weapons may
be enhanced by the use of advanced shields capable of withstanding
multiple engagements of those weapons, combined with active
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countermeasures such as shoot-back, electronic warfare, and
decoys. The Survivability Project, covered in Section VII.F is
pursuing the critical survivability technologies and assisting the
Systems Architect in performing the key trade studies necessary to
make informed decisions on strategic defenses.

TSQ Special survivability problems are encountered if both
the U.S. and Soviets simultaneously occupy space with an effective
strategic defense system. Nonetheless, there do appear to be pos-
sible technical options in this case.

Consideration must also be given to the survivability of
ground-based (mobile) and air-based defensive subsystems. These
assets are potentially vulnerable to air attacks and sabotage and
require redundancy, air defenses, ballistic missile defense (BMD)
protection, dispersion of air bases, establishment of keepout
zones, and physical protection against sabotage, which may be a
serious problem. Special security protection measures will have

to be taken to mitigate this danger.

(U) Space Logistics

(U) Several strategies may be considered for optimizing the
SDI system design and configuration with respect to logistics,
producibility and cost. One of the major costs of the overall SDI
system, when configured with a robust space-based capability, is
the launch cost associated with the initial system deployment.
Another is the cost associated with the maintenance and replace-
ment functions that will be required to maintain continuous opera-
tion.

(U) The development of very large, integrated launch
vehicles capable of lifting 200 MT (Metric tonnes) into orbit
appear to be unjustified unless substantial numbers of very large,
integrated space assets are intended for launch. If on-orbit
maintenance is considered, assembly in orbit from the payload of

two 90 MT launch vehicles may be cheaper. The recovery and
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servicing options could make use of advanced technology in fully
reusable launchers with a 70 MT capability for recovery operations
and a 15 MT capability for performing on-orbit servicing,

(U) Production and Cost

(U) Reducing the production costs for space platforms,
weapons, and sensors and for the large number of midcourse inter-
ceptors offers the greatest potential for improving the afford-
ability of multilayer defenses. The existing cost deea base for
military space systems is derived from experience with programs in
which small numbers of satellites, often of new design and at the
leading edge of technology, are produced and tested largely by
hand. A new way of producing space components that takes advan-
tage of new technologies, new designs for producibility, more
automated manufacturing technigues, and economies of scale is

needed to significantly reduce space system costs,

(U) New cost models are needed to price the new designs and
methodologies for high efficiency, high volume and low cost
production of components for the defense systems. Current models
are poor, because they are based on quite different ground rules,

as noted above,

(U) Battle Management/Command, Control, and Communications
(BM/C?)

(U) The state-of-the-art in computer hardware is advancing

very rapidly. It is expected that the requirements for the SDI
procesing can be met in the early 1990s with radiation hardened
processors. A strategy to emphasize processor hardware solutions
rather than software solutions appears to offer potentially high
payoff, especially when designed into the system architecture,

(U) Design simplicity and modularity result in simplified
and more effective software development. Software modularity is

the characteristic which allows the use of the same or derivative
VI-18
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software in multiple applications. Modularity and simplicity also
aid the development of reliable and fault-tolerant software.

(U) The initial space-based architecture led to a highly

proliferated, distributed BM/C3 architecture containing no

identifiable critical nodes. This was to enhance survivability of

the BM/C3 function and to provide effective command and control

a globally distributed configuration of weapon and sensor plat-
forms.

of

Decentralizing BM/C3 architecture and reducing inter-
dependence results in a more resiliant system.

(U) Timely weapon release of the SDI defense system is
important, especially for boost phase defenses under ASAT attack.

Hence, special attention has to be paid to the interfaces between
man and machine,
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CHAPTER VII
(U) THE TECHNICAL CHALLENGE

A, (U) OVERVIEW

(U) Three years have passed since the President announced
his defense initiative and called for an intensive and comprehen-
sive effort to define a long term program. His confidence that it
was time to pursue such a program was based on two major assump-
tions. First, that technology had reached a point that showed
great promise, and secondly that the nation had the technological
potential to bring the promise to reality.

(U) Building upon the foundation spelled out in the Fletcher
Report, a sound technical program was defined and put into action,
even though the SDIO had only been in existence in sufficient
strength for little more than a year. Technical efforts have been
structured into five program elements, each element examining
equally crucial SDI technology. The material in this chapter is
organized to describe each program element and the progress that
has been made to date. A discussion of the major focus for
FY 1987 and plans for the future including major milestones is
also included. Detailed descriptions of these programs can be
found in the FY 1987 Descriptive Summaries submitted to the
Congress in February 1986.

(U) Recognizing the importance of innovation, the SDIO has
organized an activity, in addition to the five program elements,
to promote inventive ideas. A fixed fraction of each program ele-
ment is set aside to fund promising concepts. Work on promising
concepts is characterized by high risk, high payoff, low cost
research that can be performed anywhere (laboratories, small
business, industry, universities) and by anyone. The work
involves unclassified fundamental research, and its results, once
evaluated, will help create new opportunities for all the other
program elements.
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(U) The technical program has been organized to support
future decisions on defensive options. To do this, diverse
efforts producing essential answers to critical issues must con-
verge. Among the more important critical issues requiring

resolution to be recently identified are:

® (U)
] (0)
® (U)
® (U)
™ (U)
® (U)
) (U)
® (U)
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The need for "smart" high speed kinetic kill pro-
jectiles. That type of projectile will help assure
the viability of a kinetic energy alternative for
boost phase kill;

Good "windows" in the high-endoatmospheric regime
and good discrimination for exoatmospheric inter-

ceptors;

Hypervelocity, repetitively-pulsed rail guns with
"smart" bullets;

Active discrimination using RADAR and/or LADAR and
interactive discriminators using lasers and neutral

beams;

Hardening of passive sensors to hostile environ-

ments;

Booster "hardbody" identification in the presence
of the rocket's "plume";

High brightness lasers, particle beams, and
nuclear-driven technology for boost-phase intercept
against "responsive" threats;

Battle management/C3 software and hardware includ-

ing a simulation and testing ground facility;
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Survivability and countermeasure work by systems
technologists;

Lethality experiments carried out at levels charac-
teristic of realistic weapons on realistic targets.

Space-based power supplies and power conditioning
equipment; and

Reduction in space transportation costs.

to the complexity of the SDIO's research program, a

number of issues must be resolved before a decision can be made to

proceed to the development phase. The discussion in this chapter

on the various accomplishments each facet of the program has made

in the last several years points out that the answers to these

issues are beginning to emerge.

(U) Typically, as a given technology matures, new questions

arise as o0ld ones are answered, Sometimes the more mature tech-

nologies appear less promising than other less well researched

technologies that have not, as yet, encountered the tougher

questions. Care has to be taken to avoid being overly critical of

concepts well along in research or expecting too much from those

not yet put to the test. The SDIO program as described in the

following sections is designed to bring along the emerging tech-

nologies in a logical, timely way--that is the technical chal-

lenge.
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B. (U) SURVEILLANCE, ACQUISITION, TRACKING AND KILL ASSESSMENT
(SATKA) PROGRAM

(U) Technical Objectives — The Role of SATKA in the SDI

(U) The SATKA Program provides the research efforts neces-
sary to identify and validate the various sensor concepts for
performing surveillance, acquisition, tracking, discrimination and
kill assessment of enemy ballistic missiles from launch to warhead
reentry and detonation (birth-to-death). There are three basic
sensor suites to accomplish these functions.

® (U) Rocket launch detection sensors that sense the
initiation of the attack and provide the initial
tracking data to assess the attack, bring boost
phase interceptors to bear, and provide data to
assist in kill assessment.

e (U) Midcourse surveillance and discrimination sensors
that track the reentry vehicles, decoys, chaff and
other debris that constitute the threat cloud
released at the end of the boost phase. Sensors
that provide data that can help discriminate
decoys, chaff, and debris from the reentry vehicles
carrying the warheads, provide the predicted
positions of targets to bring the midcourse inter-

cept weapons to bear, and assist in kill assess-
ment,

o (U) Terminal phase surveillance that can--in the few
tens of seconds it takes for the attacking warhead
to enter the atmosphere and detonate--acquire,
track, and collect data on the behavior of
reentering objects in the atmosphere to support
discrimination and predict intercept points and
assess kills.
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TS{ In the boost phase, sensors must provide rapid and
reliable warning of attack as soon after launch as possible. This
requires reliable full-time surveillance of ballistic missile
launch areas (potentially worldwide) to detect an attack and
define its location, order of battle, and intensity as a function
of time; determine likely targeted areas for confident initiation
of the battle; and provide track data for continuous hand-off to
boost-phase intercept and post-boost (PBV) vehicle tracking
systems. The sensors must also be capable of assessing the kill
effectiveness of U.S. defensive intercept systems. One such
concept is the Boost Surveillance and Tracking System (BSTS) shown
in Figure VII.B.l. It must be highly survivable to direct attack
during the battle and endure after the battle is fipnished, since
this function is essential for warning, assessment, and handover

to other defense elements.

TS( In the post-boost and midcourse phase, sensors must pro-
vide accurate and efficient tracking and discrimination between
reentry vehicles (Rvs) and lightwelght penetration alds and other
debris. Midcourse surveillance systems must be capable of accept-
ing track files from boost phase surveillance and provide track
data for hand-off to post-boost and midcourse inteceptors as well
as terminal phase tracking systems. One such concept is the Space
Surveillance and Tracking System (SSTS) shown in Figure VII.B.2.
This concept envisions 50 to 100 platforms in low earth orbit.
Their long and short wavelength infrared sensors provide passive
tracking of the cold reentry vehicles, decoys and debris as they
travel through space on ballistic trajectorles,

TS{\ The current U.S, space surveillance network, the Space

Detection and Tracking Systems (SPADATS),

The SSTS would

provide a near real-time, fully responsive space-based system
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Figure VII.B.1. (U) Boost Surveillance and Tracking

System (BSTS)
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Figure VII.B.2. (U) Space Surveillance and Tracking
System (SSTS)
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for midcourse ballistic missile surveillance and tracking, and
timely satellite attack warning and verification. Such a space-
based system provides reduced dependence on overseas-based sensors
for space surveillance with increased survivability and endurance.

In the terminal phase, sensors must provide efficient
tracking and discrimination of RVs from penetration aids and other
debris based on radiometric and ballistic information. Systems
must be capable of receiving track information from midcourse
sensors, tracking the target, processing the data, and passing
commands to intercept vehicles. Two interactive concepts are

being pursued.

TS) The Airborne Optical Surveillance concept is shown in
Figure VII.B.3. It is an aircraft-based, late midcourse and ter-
minal phase acquisition, tracking and discrimination system
capable of hand-off to a ground-based surveillance system for ter-
minal intercept. Such a sensor system would have the wide field-
of-view and high resolution essential for late midcourse and
terminal phase detection, discrimination, and designation of
ballistic missile reentry vehicles in conjunction with a ground-
based, imaging radar. The concept is envisioned as employing long

endurance, unmanned, high altitude aircraft.

IS)_ The Terminal Imaging Radar could take the handover from
an Airborne Optical Surveillance system and provide precision
track information for high endoatmospheric terminal phase engage-
ments of the most threatening objects. Unconstrained by aircraft
weight and volume considerations, the ground-based radar could
handle many more objects and can provide precise metric track data
which minimizes the need for inflight maneuvers by the inter-
ceptor. The concept, which could also provide kill assessment and
retargeting capability over a large area of terminal phase
coverage, is depicted in Figure VII.B.4.
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(U) Significant Accomplishments (FY 1984-1985).

(U)

(U)

Technologies

8.

(U)

In the area of sensors,

have been developed that are undergoing life test-~
ing that should increase sensor performance against
targets and should help reduce system costs.

component tests validated
a new sensor as superior to conventional sen-

sors for survivable SDI suarveillance systems,

In the area of large optics technology, two large,
actively controlled, aspheric mirror panels have
been edge matched and fiqure controlled.

Several high power, radar transmit/receive modules
have been designed and built for

operation, The SDI Radar Discrimination Study has
been completed.

In the area of signal processing, GaAs pilot pro-
duction lines are now operational. A& five node
prototype Advanced Distributed Onboard Processor
(ADOP) was delivered and installed at the Advanced
Research Institute, Huntsville, AL.

In the area of interactive discrimination, analyses
and laboratory tests have been completed that show
the preliminary feasibility of using lasers and

neutral particle beams as discrimination probes,

Experiments

(U)

Regquirements definition for Boost Surveillance and
Tracking System (BSTS) and Space Surveillance and
Tracking System (SSTS) have been completed.
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° (U) Fabrication of Airborne Optical Adjunct (AOA)

experimental hardware has been initiated.
® (U) Concept definition for Airborne Optical Surveil-
lance Experiment and the Laser Ranger have been

initiated.

® (U) Preliminary design contracts for Terminal Imaging
" Radar (TIR) have been lnitiated.

(U) Measurements

e {U} A rocketborne earthlimb viewing auroral experiment
called SPIRIT I was completed and sent to Alaska.

® (S} In the area of
data collection system was
completed.
e }S( In the area of optical discrimination,
Optical and Radar Effects codes for emissions

were developed.

and
accepted. Primary mirror reflectance properties
exceeded specifications by an order of magnitude.
Laboratory measurements on
have been completed and analyzed to

reduce Nuclear Effect code uncertainties. Success-
ful joint SDIO/NASA Kuiper aircraft measurement
‘programs provided UV and IR images

of high altitude third stage separa-

tions and plumes,

(U) An Overview of the SATKA Program

(U) In order to accomplish the stated technical objectives
and to provide confidence necessary for an early 1990s decision,
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the SATKA Program has been structured with three basic thrusts:

technology development, experiments, and @=ta collection.

(0)

(U)

Technology Development. The SATKA Program perform—
ing research in those areas of the technology base

which support the very high capability sensors
required by SDI. These efforts are concentrated in
five areas: Radar Technology (Project 3); Laser
Radar Technology (Project 4): IR Sensor Technology
(Project 5); Interactive Discrimination (Project
10); and Signal Processing Technologies (Project
11).

Experiments. The SATKA Program contains a number

of experiments designed to validate the various
concepts which have been proposed. Advanced sensor
technology efforts determine the capabilities of
such sensors and provide data necessary for future
decisions, These include Boost Surveillance and

Tracking Experiment (Project 6), Space Surveillance

and Tracking Experiment (Project 7), Optical Air-
borne Surveillance Experiment (Project 8), and
Terminal Imaging Radar (TIR) Experiment

(Project 9).
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C. (U) DIRECTED ENERGY WEAPONS (DEW) TECHNOLOGY PROGRAM

(U) Technical Objectives - The Role of Directed Enerqgy in SDI

(U) The Directed Energy Program identifies and validates the
technology for directed energy systems that can:

) (U) Destroy large numbers of enemy boosters and post-
boost vehicles in the tens to a few hundreds of
seconds that the missiles are in their boost phase;
and

o (U) Discriminate decoys from warheads by probing them
with a directed energy beam that interacts with the
target and scatters radiation from the nuclear war-
head or creates other identifying signatures.

Those two missions--boost phase intercept and midcourse
discrimination~-are the keys to achieving high levels of ballistic
missile defense effectiveness against the most capable threats.
Thus, the technological advances supported by this program element
are critical to providing a wide selection of defense options for
the President's Strategic Defense Initiative (SDI).

(U) 1In the earliest potential defense deployments, directed
energy concepts could provide the primary candidates for inter-
active discrimination in the midcourse phase, 1In addition, they
could provide alternatives to kinetic energy weapons for boost-
phase intercept. Over the long term, directed energy weapons
appear to hold the key to defeating some of the more stressing
threats that might be deployed in response to U.S. defense
deployments (such as the fast burn booster which could severely
shorten the exposure time of enemy missiles in their vulnerable
boost phase).

(U) The efforts in this program pursue directed energy
weapon concepts that include not only those that have emerged
since the start of the Initiative but also those that predate the
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Initiative by several years and are more technically mature. The
program also emphasizes innovative technology. New forms of
directed energy weapons concepts are continually emerging and
creating options that may offer significant system performance
improvement and/or cost reduction. Four basic concepts are
addressed with several potential variations identified within each
concept. These concepts are: space-based lasers (SBL), ground-
based lasers (GBL), space-based particle beams (SBPB), and nuclear
directed energy weapons (NDEW),

(U) The space-based laser (SBL) concept (depicted in
Figure VII.C.l) envisions self-contained laser battle stations,
These battle stations are seen as modular assemblies of laser
devices and optical phased arrays that grow in performance as the
threat grows by adding additional modules. These stations are
deployed in orbits that ensure the required number of weapons can
be available to engage ballistic missile launches wherever they
occur. Once deployed, such stations can engage ballistic missiles
launched from anywhere on the earth including the broad ocean area
for sea-launched ballistic missiles and Western Europe for inter-
mediate range ballistic missiles. The same constellation of SBL
battle stations could play other very significant roles. They can
engage threat objects and destroy post-boost vehicles before all
reentry vehicles are deployed; destroy decoys or penetration aids
in the midcourse phase; and defend U.S. satellites. Furthermore,
since the beam of some lasers could penetrate into the atmosphere
down to the cloud tops, SBL weapons may be able to provide some
capability against aircraft, cruise missiles, and possibly

tactical ballistic missiles,

(U) The primary approacih to the space-based laser concept
uses hydrogen-flouride fueled chemical lasers of 2.7 micrometer
wavelength. This concept has been in research since the late
1970s. As the first of the DEW concepts identified for
application against ballistic missiles, it has the most mature
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technology base. The efforts are well into the hardware fabrica-
tion phase for engineering proof-of-principle through ground-based
tests.

(U) Other candidates for space-based lasers are based on
devices that generate beams at short (one micrometer or less)
wavelengths., Since brightness—--a primary measure of performance--
scales as the inverse of the wavelength squared, substantial
increases in brightness can be realized if the gquality of the
optics and accuracy in pointing can be increased proportionately.
The radio-frequency linac (RFL) free electron laser (FEL), for
which high electrical efficiencies are projected, is one of the
most promising alternatives. Another is the short wavelength
chemical laser. Such an approach might be the most effective but,
to date, no concept appears to be viable. Yet another approach is

to use nuclear reactors to pump the laser.

?EQ The ground-based laser (GBL) concept is depicted in
Figure VII.C.2. Several ground sites are equipped with laser beam
generators, target acquisition, tracking, pointing, and advanced
beam control. These stations generate a short wavelength beam,
condition it with the compensation necessary to transmit a useable
laser beam through the atmosphere to space, and project the beam
onto the space relay mirrors. These relays, perhaps at geosta-
tionary orbit (40,000 km), collect the beams from the ground and
redirect them to mission mirrors at lower orbit. The mission
mirrors collect the beam from the relay, acquire and track the
target, point the beam at the target, focus the beam on the target
and hold it there until the energy to kill the target is
deposited. By this means, the ground stations located in the
United States can engage targets worldwide. As in the case of
SBL, such a weapon system has potential for application not only
for defense against ballistic missiles but also for aircraft and
satellite defense. Due to recent significant technical progress,
the induction-linac free electron laser appears to be the most

promising approach for this concept. The repetitively pulsed
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Figure VII.C.2.

(U) The Ground-Based Laser Concept
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excimer laser serves as principal backup beam generator. Both
approaches have been under investigation since the early 1980s in

programs that were accelerated as a result of the Initiative,

(U) The space-based neutral particle beam (SBNPB) concept is
depicted in Figure VII.C.3. 1In this concept, negative ions are
accelerated by electro-magnetic fields in much the same way
conventional accelerators do when used by particle physicists to
explore the atom. Large numbers of these particles are
accelerated to velocities near the speed of light creating a high
energy beam which is steered toward the target by magnets at the
front of the weapon. 1In the neutral particle beam concept, the
particles are stripped of their charge as they leave the weapon.
This neutral beam then will stay together as it leaves the
accelerator. If the beam were not neutralized in the vacuum in
space, the like charges of the individual particles would repel
each other and break up the beam. 1In addition, the particles
would be unacceptably deflected by the Earth's magnetic field. A
second approach for targets at lower altitudes uses charged
particle beams which follow an ionized channel created by a laser
beam in the thin upper atmosphere, thereby forming a conducting
path to the target,

(U) The neutral particle beam weapon concept, like space-
based lasers, envisions stationing in space a configuration of
battle stations that provides worldwide coverage. These stations
could be capable of engaging ballistic missile boosters and post-
boost vehicles as their trajectories bring them above the earth's
atmosphere. Unlike lasers, the energetic particles or ions pene-
trate deep into the target. Thus a high brightness particle beam
can penetrate the thermal protection provided to survive reentry
and engage reentry vehicles in the midcourse trajectory. Such a
weapon has two potential kill mechanisms. Electronics kill might
be possible at relatively low beam fluence levels, but one might
not be able to tell that the target has been killed. Hard or

structural (readily observable) kill requires several orders of
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Figure VII.C.3. (U) The Neutral Particle Beam Concept
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magnitude greater fluence than electronics kill, Efforts in this
concept and its associated technology were proceeding at a fiscally-
limited pace prior to the Initiative and were accelerated,

(U) The newest, and potentially the earliest, application of
space-based particle beam battle stations could be to provide the
discrimination function during the post-boost and midcourse phases.
The primary targets would be decoys that are difficult to detect
using passive means, The gamma-rays and neutrons emitted by an
object when irradiated by an energetic particle beam are propor-
tional to the mass of the object. Thus, these emissions can serve
as a discriminant between the heavy reentry vehicles and the light
decoys and/or penetration aids that may be encountered during an
attack, Effective discrimination would decrease substantially the
false targeting rate, thus conserving midcourse and terminal inter-
ceptor resources,
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¢ Finally, in applying the four basic directed energy con-
cepts just described to a range of potential missions and threats,
a wide range of performance is reguired. Figure VII.C.4 plots
brightness and retarget times reguired for the various mission-
target pairs. Brightness (a measure of power per unit solid angle
of the beam), together with target hardness, provides a measure of
how long one must dwell on the target to kill it., When combined
with retarget time (how quickly one can switch between targets)
the capability of the directed energy weapon is essentially
defined. The basic technical objective, then, is to provide a

proven set of technologies which, when assembled into a weapon

_system, can vield the high brightnesses
needed to meet

specific BMD requirements.

(U) The overall program is paced by the SDI goal -of an early
1990s decision on whether to develop and deploy advanced ballistic
missile defenses., This decisionr will include whether to continue
selected directed energy concepts for particular ballistic missile
defense missions.

(U) Significant Accomplishments (FY 1984-1985)
46RBy Building on efforts that pre-dated the Initiative and
new efforts started since the Initiative, the DEW program momentum

is increasing and accomplishments multiplying. Major achlevements
in chemical lasers have "nailed down" that technology in experi-
ments that have yielded

Precision optics fabrication processes for

These advances plus new proof-of-principle in com-
bining chemical laser outputs and in optical phased arrays have
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provided substantial new evidence of the feasibility of achieving
space-based lasers of very high brightness. For ground-based
lasers, advances in free electron lasers (FEL) have opened the
doors to initiation of a much more aggressive technical program to
achieve high power levels., This FEL advance plus the low power
atmospheric compensation successes have led to the formulation of

a program leading to a

Dramatic advances in particle beam accelerators and
the verification of a technique for determining the location of
the particle beam in relation to the target have encouraged major
new efforts fog an early experiment to demonstrate interactive

discrimination.

(U) Some specific examples of recent technical accomplishments

in the field of directed energy are:

® (ﬁ{ The completion and test of the Mid Infrared Advanced
Chemical Laser (MIRACL). This deuterium fluoride
(DP) laser, located at White Sands Missile Range,
is the Free World's first (and to date only)
megawatt class, continuous wave laser. Completion
of this device shows that the basic physics and
engineering principles for "entry" level linear

chemical lasers are understood,

°® (U) The completion of the fabricaéion phase of the
optical resonator and the demonstration that a high
quality beam can be extracted from a cylindrical
chemical laser, These experiments substantially
increase our confidence in the success of the ALPHA
project-~the basic beam generator for space

chemical laser concepts.,
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® (U) The ability to couple multiple lasers into one
coherent output, These experiments under the
advanced chemical lasers task are critical
accomplishments in our efforts to show that small
modular devices can be coupled together to yield
very high power/high brightness chemical lasers.

® - (U) The initial experiments on the hierarchical beam
control using the laboratory brassboard of the
Large Optics Demonstration Experiment (LODE). The
results have markedly increased our confidence that
baseline beam control architectures for space~based
lasers are viable.

e (U) ‘The validation of the fabrication process for the
Large Advanced Mirror Program (LAMP). Validated at
half scale, LAMP results give high confidence that
the program will achieve a near order-of-magnitude
reduction in areal density (kg/m2) over that of the
NASA Space Telescope, with segmented elements
scalable to sizes that far exceed the diameter of
the primary mirror in that NASA spacecraft,

® (U) The completion of a Large Optics Diamond Turning
Machine (LODTM) facility that will permit precision
fabrication of the complex mirror elements. Built
to fabricate the cylindrical shapes for the ALPHA
laser, this facility represents a major break-
through in near IR optical fabrication technology
amd@ a major step toward realizing space-based
lasers.

° ?S{ The vacuum chamber demonstration oE; 1
B and pointing in a realistic
vibration environment. The Integrated Pointing
Control Breadboard (IPCB) experiment exceeded the
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by a

factor of two. This ground experiment validates

the concept for high accuracy beam stabilization
and pointing of space-based SDI systems.

An order of magnitude improvement in beam emit-
tance, new "magnetic modulator® power switches and
confirmation of the basic electromagnetic theory of
the induction linac FEL amplifier concept. Recent
experiments have demonstrated laser gain and energy
extraction efficiency at power levels that helped
confirm the fundamental validity of this approach.

The experimental evidence of major advances in
efficiency, beam quality, peak power and wavelength
scalability of the radio frequency linac, free
electron laser. Major achievements also include
demonstration of diffraction limited beam genera-
tion with wavelength tuneability over a broad band.
As 1in the case of the induction linac FEL, new
insights in FEL theory and the resulting improved

performance prediction have resulted.

The generation of a near diffraction limited beam
in the excimer laser technology efforts on a single
pulse basis, This excellent beam quality reduces
the power required from the device for the GBL
mission. In addition, advances in high power elec-
trical pulse conditioning, high efficiency, large
area electron guns, and acoustic damping also give

increasing confidence in the excimer technology.

The proof-of-principle of the Raman conversion pro-

cess on a laboratory scale. This process offers
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the potential of major reductions in the complexity
(and cost) required to achieve high beam quality
output from excimer lasers. This process also
offers a practical approach for achieving the
single aperture high power levels and beam quality

required for excimer laser weapon applications.

The demonstration of atmospheric compensation in an
extensive series of experiments involving
propagation of a low power laser beam from a fixed
ground site to an instrumented aircraft and
sounding rockets that dramatically demonstrated our
ability to reduce the deleterious effects of

atmospheric turbulence on laser beam propagation.

The fabrication and testing of the radio-frequency
quadrupole pre-accelerator section on the Neutral
Particle Beam Accelerator Test Stand. This device,
which both accelerates and bunches a charged ion
beam, is considered a major step forward in ion
beam accelerator technology. 1In addition, a pulsed
negative ion source has produced a better ion beam

quality than its design goal.

The demonstration of a technique suitable for
precision boresighting of the neutral beam with
respect to an optical tracker line-of-sight. These
significant results and the accelerator advances
cited above provide significant new evidence that
neutral particle beams have practical applications
in near-earth space for both interactive discrimi-

nation and weapons missions.
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(U) An Overview of the DEO Program

(U)y The DEW research efforts are consolidated into four
principal projects under the program managed by the Directed
Energy Office. These projects are Technology Base Development,
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Technology Integration Experiments, Concept Formulation and
Technical Development Planning, and Support Programs,

(U) The Technology Base Development Project seeks to main-
tain an aggressive effort to expand the technological basis for
directed energy weapons. Equally important, the project makes
available other paths for achieving the critical functions of
boost-phase intercept and discrimination alternative to those
pursued in the Technology Integration Experiments. To achieve
this goal, the technology base must advance the technologies that
perform, within the directed energy weapon, the functions of (1)
generating the beam; (2) conditioning the beam and delivering it
to be propagated toward the target; (3) focusing and propagating
the beam at the target along a prescribed path; and (4) acquiring
the target to be engaged, establishing the line-of-sight to hit
the target, holding the beam on the target, assessing the
resulting damage, and then reinitiating the sequence to engage
rapidly a new target. Thus, this project includes work on laser
devices at various wavelengths, laser beam control and the
associated optics, particle beam technology, acquisition,
tracking, pointing and fire control (ATP-FC), and NDEW technology.

(U) Technology Integration Experiments are proof-of-feasi-
bility efforts which integrate and validate technology for
selected concepts. These projects include (1) Ground-Based,
Induction Linac, Free Electron Laser; {2) Neutral Particle Beam
(NPB) Interactive Discrimination; and (3) Space Pointing and
Tracking Experiments. These major experiments leverage
opportunities for realizing significant experimental gains in
specific promising concepts for boost-phase intercept and
midcourse discrimination. Their selection to receive emphasis as
a major project with major resources applied places them on the
leading edge of the SDI Directed Energy Program. In the case of
space experiments in tracking and pointing, they are designed to
have broad applicability across a range of SDI concepts—--non-DEW
as well as DEW.
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(U) The other two projects under the Directed Energy Program
are Concept Formulation and Technical Development Planning, and
Innovative Science and Technology and Support Programs. Concept
Formulation and Technical Development Planning funds activities
that will guide the Directed Energy Weapons technology development
efforts by reviewing and evaluating technical requirements and by
providing conceptual designs of operational systems related to
architectural structures emerging from efforts within the Systems
Development Program Element. These planning activities will help
identify and resolve critical DEW issues on a scale that

establishes the technical feasibility of achieving weapon-level
performance.

“¢59~ Support Programs partially fund activities at the DoD
High Energy Laser Systems Test Facility (HELSTF) at White Sands
Missile Range. This facility provides equipment and facilities
for integrated high energy laser experiments and lethality and
vulnerability testing of potential targets using a 2 megawatt
deuterium fluoride (DF) laser. A second effort funded under this
project, Targets supports planning, procurement, operations, and
maintenance activities for the targets of DEW Major Experiments,
This project also funds a DEW portion of the Innovative Science
and Technology Program, described in Section VII-G,
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D, (U) KINETIC ENERGY WEAPONS (KEW) PROGRAM
(U) Technical Objectives - The Role of KEW in the SDI

(U) Activities in this program support weapons options for
all phases of a multitiered defense. As a relatively mature set
of technologies, these efforts are not only a major candidate for
providing the intercept and kill functions of any initial
ballistic missile defense deployment but provide the major
contribution to a hedge against a Soviet breakout of the ABM
‘Treaty.

(U) Kinetic energy guided projectiles can be accelerated by
chemically propelled boosters or, in the longer term, by hyper-
velocity electromagnetic means. In either case, projectiles rely
on nonnuclear kill mechanisms. The kinetic energy program is
developing technology for: (1) space-based, rocket-accelerated
kinetic kill vehicles (KKVs) for ICBM intercept and satellite
defense; (2) ground-launched, high-velocity, high endoatmospheric
interceptors; (3) ground-launched, exoatmospheric interceptors;
(4) advanced hypervelocity rail guns; and (5) support items, such
as fire control components that cover all aspects of kinetic

energy weapons.

(U) Key technology developments needed are seekers, divert
{maneuver) propulsion, axial (booster) propulsion, fire control,
guidance and control, warheads and fuzing. Proof-of-principle
experiments are being designed to support a system level decision
in the early 1990s time frame.

?Bq A first-generation space-based boost phase and midcourse
KKV would probably be based on an extension of the technology in
which a small infrared homing projectile is accelerated by
chemical propulsion (solid or storable liquid) to approximately
4 to 6 km/sec. Design goals for such a system include both low
weight and low cost. These design goals are influenced by the key
technologies mentioned above, by primary propulsion maneuver motor

performance efficiencies, and by structural packaging. Such KKVs
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would be based in space on numerous platforms in a global pattern
at orbital altitudes between 500 to 1000 km, The deployment
configuration of these platforms would be based in part on the
ability of the KKVs to reach booster targets before they release
the post-boost vehicles which carry the warhead or decoy packages
into their assigned trajectories. Survivability considerations
also strongly influence the deployment pattern (mixed altitudes to
complicate defense suppression attacks) and the number of inter-
ceptors per platform (that is, more platforms complicate any
attempted defense-suppression attack). Figure VII.D.1 is a line
drawing depicting one such concept for boost-phase intercept.
Figure VII.D.2 depicts a midcourse interceptor concept. Current
efforts are focusing on the commonality of boost and midcourse
intercept requirements, and it is likely that a single chemical
rocket can be configured which could be employed against both
classes of targets in a cost-effective manner,

?EQ The terminal phase, ground-launched missiles are multi-
stage (two or three) vehicles which can intercept reentry vehicles
both above and within the atmosphere. These missiles are provided
with intercept point prediction data and use onboard inertial
guidance with possible updates during the initial parts of their
trajectories, During the terminal phase, they home on their
targets using internal guidance loops and sensors, For endoatmos-
pheric intercepts, the terminal stage nosetip is shrouded during
initial ascent, and active cooling is used for the optical homing
seeker of the kill vehicle. Figure VII.D.3 depicts one such

terminal interceptor concept.

(U) Chemical rockets are in a more advanced technological
status than are hypervelocity, electromagnetic guns. The latter
become favored over rockets for applications in which very large
numbers of engagements must be accommodated. Hypervelocity guns
are also attractive because of their ability to achieve shorter
flyout times with minimal system weight impact. These advantages
accrue since only the kill vehicle leaves the rail gun, as opposed
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to the kill vehicle plus propellant in the case of a rocket., On
the other hand, the electromagnetically-accelerated projectile
experiences much higher g-forces than the rocket-accelerated pro-
jectile. One concept for an electromagnetic ratl gun is depicted
in Figure VII.D,4.

?S{ Boost phase intercept of current intercontinental
ballistic missiles (ICBMs), long-range submarine-launched .
ballistic missiles (SLBMs) and post-boost vehicles (PBVS) requires
propulsive velocities of at least . For engagement
of faster burn boosters, propulsive velocities of approximately

may be required. Fast burn booster threats may require
an electromagnetic gun, provided the terminally guided kill
vehicle weight can be reduced to less than 1 to 2 kilograms to
keep the total kinetic energy and associated launcher energy to an
acceptably low level at these high velocities,

tS\. Midcourse intercepts can easily tolerate projectile velo-
cities on the order of since more threat flight
time exists than in the boost phase. Low cost per engagement is a
major objective to relieve performance requirements on exoatmos-
pheric discrimination of decoys. Again the hypervelocity gquns may
have an advantage because of their large magazine potential.

Hﬂ\ Effective terminal intercepts with ground-launched
rockets require maximization of the area coverage (footprint),
intercepts above 15 km altitade, and commitment of the interceptor
after atmospheric discrimination has occurred (approximately
100 km altitude). This equates to approximately 6 km/sec inter-
ceptor burnout velocity and capability to engage threats at
between 15 and 40 km altitude. For engagement of intermediate-
range ballistic missiles (IRBMs) and tactical ballistic missiles
(ITBMsS) in Europe or elsewhere, lower performance levels would be

acceptable.
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( It should also be noted that kinetic weapons are very
useful in the defense of space platforms, Performance objectives

are a function of the altitude and hardness of the space-platform
orbit, threat yields and arrival rates, and threat numbers per
platform,

(U) Significant Accomplishments (FY 1984-1985)
(U) Over the last 2 years the kinetic energy weapon program

has produced several accomplishments which are detailed in
Appendix D of this report. The most significant of these is the
demonstration of an actual reentry vehicle midcourse intercept in
the Homing Overlay Experiment (HOE) conducted by the Army. This
experiment was conducted with an interceptor which was initially
given intercept point information and then switched to autonomous
terminal homing, the same crucial functions most probably neces-
sary for eventual weapons systems. Other major kinetic energy
technology accomplishments include testing of elements such as
divert propulsion thrusters and propellants necessary for light-
weight interceptor fabrication. In addition, detailed analysis
has been completed to define the performance requirements (for
example, axial and lateral velocities) necessary for the various
interxception scenarios. In the hypervelocity launcher area, a
number of laboratory devices have been utilized to test the feasi-
bility of multiple shots with a single gun barrel and the
feasibility of high-g survivable projectile components.

(U) An Overview of the KEW Program

(U) In order to accomplish the stated technical objectives
and to provide the confidence necessary for an early 1990's
decision, the KEW program is structured in six major thrusts--(1)
space systems for boost phase intercept; (2) exoatmospheric
nonnuclear kill interceptors; (3) endoatmospheric nonnuclear kill

interceptors; (4) capabilities against shorter range threats; (5)
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electromagnetic accelerators; and (6) testing and facilities
support. The first five thrusts have an associated technology
base activity and major experiments.

(U) In technology base activities, technologies relating to
precision KKV projecties accelerated by rockets or hypervelocity
guns will be explored to provide potential nonnuclear kill of
ballistic missiles in all phases of flight--boost, midcourse, and
terminal. Technology base efforts include:

° Smart seekers to acquire targets rapidly and provide
highly accurate terminal homing;

°® Advanced guidance and control techniques to control KKV

maneuvers for direct impact with targets;
° Miniature rocket vehicles for boost and midcourse
ballistic missile intercept, as well as for satellite

defense; and

) Electromagnetic accelerators and smart hypervelocity gun

projectiles.
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E. (U) SYSTEMS ANALYSIS AND BATTLE MANAGEMENT (SA/BM) PROGRAM
(U) Technical Objectives ~ The Role of SA/BM in the SDI
(U) The diverse but related activities included in the

Systems Analysis and Battle Management Program of the SDIO provide
two key criteria that drive the other SDIO Programs. The systems
analysis efforts define the performance regimes of the individual
systems that make up the defense architecture that must be met if
cost-effective defenses against responsive threats are to be
realized. The battle management efforts define the operational
environment of decisions, rules, constraints, and directions in

which the individual systems must perform.

(U) Systems analysis provides the systematic approach that
assists the managers of the SDI in choosing courses of action.
Through a series of studies, analyses, and evaluations, the
Director, SDIO and his subordinates are provided investigations of
the full range of issues and problems, the identification of rele-
vant objectives and alternatives, and analytical comparisons of
those objectives and alternatives in light of their consequences.
In the process an appropriate framework is created to bring expert
judgment and intuition to bear on the choice among the promising
approaches to achieving effective defenses and the design and
development of the weapon systems that constitute those defenses.

}SQ Solutions to the command and control problems associated
with the effective employment of a multitiered defense presents a
significant technical hurdle. Surveillance satellites, airborne
sensors and ground-based radars must locate targets and communi-
cate the information to a battle management system where it would
be processed and disseminated to space weapon platforms or ground-
based interceptors for efficient target engagement. Surveillance
and weapon satellites also must provide the kill assessment infor-
mation so targets may be re-engaged, if necessary, in other phases
of the defense. The activities and status of the space, air and
ground elements of the system must be monitored and controlled by
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well-defined command levels, culminating with the National Command
Authorities (NCA). Furthermore, a defensive system must be
internetted with a robust, survivable communications systems to
remain effective at all times.

(U) The four main thrusts of this Program are described in
the following paragraphs.

(U) Systems Analysis

(U) Systems Analysis Technical Objectives

(U) The Systems Analysis project is comprised of several
tasks which seek to establish system architectural alternatives
based on defense missions and objectives, threat assessments and
weapon/sensor technology integration. These candidate architec-
tures will be used in the derivation of system component perfor-
mance requirements. The efforts of this project will provide for

technical program integration,

(U) Significant Accomplishments (FY 1984-1985). The empha-
sis in FY 1984-1985 was on defining the baseline threat and

generating baseline SDI system requirements.

(U) 1In coordination with the intelligence community and
other SDI programs, a time-phased expected strategic threat and
attack scenario was defined. Strategy and policy issues and con-
straints were regarded as inputs and outputs. Architecture
methodology and selection criteria were developed. There was a
continuation of analyses and evaluation of boost, post-boost, mid-
course, and terminal phase SDI concepts initiated in the previous
year. Strawman system conceptual designs and iterated allocation
of resources and constraints among defense phases were developed
in sufficient detail to document initially perceived SDI system
requirements, Architectural systems and cost models with inter-
active application and refinement to the architectures were chosen
on a more generic level. Examination of the impact of future
technologies and national resources on strategic defenses,
strategy and policy was begun.
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(U) Systems Analysis Project Description

(U) The specific tasks with the Systems Analysis Project
include the Architecture task, the Threat Analysis task, the
Technology integration task, and the Architecture Analysis Support
task.

(U) The Architecture task is structured to define and
evaluate candidate system architectures, system concepts and para-
metric trade-offs leading to the evaluation of preferred archi-
tectures and allowing assessment of key technologies and system
functions. Developed by a team from Federal Contract Research
Centers (FCRCs) and National Laboratories, the Pilot Architecture
provided an early formulation of these system architectures and
trade-offs. This Pilot Architecture also provided an initial
reference to the SDIO for evaluation and comparison of alternative
architectures developed by industry contractors as part of the SDI
System Architecture and Key Trade-off Study.

(U) The Threat Analysis effort will provide projections of
possible threat structures usable against the U.S. and its
Allies. Analysis will also be performed to define responses which
might be invoked to counter defense concepts.

(U) There are three broad categories under technology inte-
gration: affordability, logistics integration and technical
integration. Within these categories, there are several tasks for
accomplishment by the SDIO and the Services.

(U) Studies and analyses related to the affordability of the
SDI program will be performed under the affordability task. 1In
particular this task provides the affordability analyses, innova-
tive cost analysis research and industrial base considerations, to
include a production base analysis and manufacturing technology
and producibility studies.
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(U) The logistics integration task provides the means
through which logistics and supportability elements will be
addressed across the entire SDI program. Research and analyses to
identify and quantify the essential elements of an SDI logistics
support system; the basic supportability costs, schedules, and
performance drivers in each project; and related supportability
technology requirements will be performed. It is through early
emphasis on supportability that desirable support characteristics
are determined and considered in SDI research. Examples include
appropriate levels of standardization and commonality, as well as
reliability, maintainability, and system availability. This task
is distinct from that managed by the SDIO/SLKT, previously en-
titled Space Logistics, which addresses space transportation and

support.

(U) Achieving a systematic and coordinated relationship
among the diverse technical elements of the SDI will be analyzed
by the technical integration task. This task includes the
development and implementation of an overall technical integration
program plan, a work package directive data base, and a facilities
assessment, These functions will be accomplished through a top-
down analysis of technical requirements within system architec-
tures, and a bottom-up analysis of actual technical capabilities

existing or projected.

(U) The Architecture Analysis Support is structured to sup-
port the definition of boost, post-boost, midcourse, and terminal
system performance requirements. Detailed trade studies will be
used to determine lower level system performance requirements and
support cost-effective systems context to ensure that risk is
properly assessed. This task will also analyze cross-cutting
system functions such as discrimination, track data base and
weapons assignment, These functions are pervasive throughout a
multitiered defensive concept and must be planned in an integrated

manner, These functional requirements drive the battle management
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subsystem requirements, to which the BM/C3 Technology and
Experimental Systems projects must respond.

(U) Battle Management/Command, Control and Communications (BM/C3)

(U) Battle Management/C3 Technical Objectives

(U) The primary objectives of this project is to specify,
design, develop, and verify the technologies required for battle
management capabilities; command, control, and communications net-
works; and their interfaces. The goal is to provide effective
capabilities to examine command control over a multitiered de-
fense. Specific emphasis is on achieving the required battle
management algorithms; reliable, fault-tolerant, high performance

processing; communications; and software,.

(U) Battle management for a multitiered defensive system
employs a wide variety of algorithms performing such functions as
situation assessment, damage assessment, defensive firing stra-
tegies, network management and many others, The algorithms must
deal with complex engagement rules, multiple kinds of weapons,
rapidly changing environmental conditions, and a large degree of
uncertainty in the input data. While source specific algorithms
must wait on a well defined system, the system constructs under
consideration are comprised of many components (space, air and
ground) which are widely distributed geographically. These
individual components may have only limited data regarding the
overall battle situation. A system such as this requires a class
of algorithms which may be partitioned geographically, have dis-
tributed data bases and be required to operate effectively with
partial loss of communication. The need for highly efficient
computing algorithms in this environment presents a new and very

strenuous challenge to the field of distributed computing.

(U) The objective is to synthesize algorithms applicable to
specific SDI architectures. A further objective is to develop the
algorithm data base necessary to produce a coherent, integrated,
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survivable, secure and interoperable distributed system to support
ballistic missile defense command and control applications.

(U) Reliable fault-tolerant, high performance processing is
essential for battle management of a future system based on SDI
technologies. Much of this processing will be done onboard space
vehicles where normal maintenance access is not available. The
processing power required will greatly exceed what can be expected
from even the highest performance single computing engine. Thus,
a distributed processor will be required. In addition, multiple
processor architectures, because of their built-in redundancy,
provide a compelling approach to fault-tolerance. However, in
order to achieve the required high performance and fault-
tolerance, extensive work is required not only on the hardware
elements but also on algorithms and software to effectively manage
the computing resource while providing reliable computing. For

"example, extreme care must be taken to ensure that the operating
system does not become a computation limiting overhead in multiple

processor configurations.

(U) Communication networks are integral to the proposed
Strategic Defense Initiative and are embedded in virtually every
aspect of the ballistic missile defense capability. Communica-
tions network planning and design for SDI will be heavily in-
fluenced by the requirement for the most stringent survivability
implementation measures. The objectives of the communications
research tasks are to define communications network and technology
requirements, to develop candidate network architectures to
satisfy perceived system requirements, and to test the network
robustness and technology solutions in simulated threat environ-
ments. This research will provide a high confidence basis for
making the programmatic decisions necessary to realize future
communications networks for ballistic missile defense.
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(U) The battle management software to be developed for the

SDI may be the most complex ever attempted., To be reasonably
certain it will be developed on time, within schedule, and will
correctly and safely implement the functionality of the system,
the labor intensive aspects of the software development, test, and
maintenance processes must be made more efficient and trusted. By
automating significant parts of these processes, consistency,
completeness and correctness can be better assured, and dependency

on specific individuals lessened.

{(U) Software for a multilayered ballistic missile defense
will be very complex, not only due to the amount of software
required, but also due to the functions to be carried out by soft-
ware. The complexity will directly relate to requirements for
large software systems that can be explicitly trusted to carry out
mission requirements, which can be reliably modified and adapted
to changing defense needs, and which can be guaranteed to have

desirable behavior under all conceivable stressing conditions.

(U) The basic objective of software research is to provide
the techniques, tools, facilities and methodology required to sup-
port the battle management software development. A major mile-
stone of this program will be a software engineering system encom-
passing all high-payoff tools and methods in FY 1989.

(U) Significant Accomplishments (FY 1984-1985). Require-
ments for a set of benchmark algorithms to be used to evaluate

processor performance were developed. A consortium of universi-
ties has been established to evaluate the role of knowledge-based
and artificial intelligence for BM/C3, A distributed algorithm
test bed has been established for BM/C3 algorithms testing and
evaluation. Network protocol requirements have been defined and
techniques for network control are being assessed for BM/C3
architecture alternatives. Alternatives for establishing network
synchrony have been developed and tested. Architecture require-
ments have been specified for fault-tolerant, distributed
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processors and developed specifications for space-qualified,
radiation-hardened components. Specifications have been developed
for millimeter-wave elements for space-to-ground C2 links. Com-
munication link requirements characterization and definition has
been produced. An initial set of automated software development
tools that are being assessed for their efficacy in an integrated,

automated software development environment also were developed.

(U) Battle Management/C3 Project Description

(U) Five tasks are pursued in the battle management/c3 pro-
ject: battle management algorithms, network concepts, piocessors,
communications and software engineering.

(U) The battle management algorithms task undertakes
research on underlying technology, and, in parallel, of a candi-
date set of algorithms which will be required., The work will rely
heavily upon previous and@ ongoing algorithm work in distributed
systems, decentralized control and resource management (such as,
Navy battle group defense). These technologies and algorithm
studies will be integrated and the appropriate data base will be
generated through experimentation in a battle management/command,
control and communications (BM/C3) test bed. Specific attention
will be given to system level algorithms which are peculiar to SDI
layered defense and which are not being addressed in other program
elements or in other tasks within the SA/BM program element,

These algorithms are: (1) discrimination decision making, based
on data collected by the system of sensors, the available intelli-
gence data base, and system resource constraints; (2) boost phase
and midcourse weapon assignment algorithms accounting for multiple
types of weapons in each phase, the presence of succeeding phases,
and the existence of constraints such

for midcourse intercepts;

(4) kill assessment in all

phases; (5) reconfiguration of the system when weapon,
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surveillance, and/or BM/C3 resources are damaged; and (6)
selecting the appropriate defense response when system elements

come under attack.

(U) In the network concepts task, analyses and research also
will be undertaken leading to the specification, design, develop-
ment and verification of battle management/C3 networks. These
concepts of Cc3 network asset (computers and communications) manage-
ment, and their implementation in system software, will provide a
high performance, fault-tolerant, secure and survivable c3 network
environment within which the battle management algorithms func-
tion. The specification, design, development, verification and
validation of alternative BM system technologies resource alloca-
tion/network asset management (or control) algorithms, and network
protocols will be pursued. Additionally, battle management/C3
system interface design, engineering, and development of interface
standards and configuration management guidelines will be accomp-
lished.

(U) Simulations will be used extensively to evaluate the
many variables that come into play during the computer system de-
sign process. The simulations will be of a quality to serve as
effective tools for the final design and development of the actual
computer., Following the design and simulation tasks, a demon-~
stration computer will be implemented to verify the design specifi-
cations and to provide a real-time execution resource for fault-
tolerant tasking and for executing the critical BM algorithms,

(U) In the fault-tolerant processors task, computer archi-
tectures, design methodologies and implementation technologies
will be pursued to provide high availability, mission reliability
and radiation survivability for complex battle management (BM)
deta processing systems onboard spacecraft or aircraft. The
planned fault-tolerant research program will address: (1) defini-
tion of fault-causing phenomena at the component and system level;
(2) development of fault-tolerant strategies, both in hardware and
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software; (3) incorporation of these strategies in computing
architectures which will mitigate the effects of faults; and (4)
development of a capability to validate and trade between the many
fault-tolerant alternatives for a given system environment, In
addition, nuclear radiation upset/mitigation will be treated as a
class of fault which has peculiar and far-reaching system surviv-
ability impacts. The research will continue several ongoing
projects and from this nucleus form a more encompassing fault-
tolerant program. Work in definition and development of special
purpose architectures such as dynamically reconfigurable computers
and advanced distributed onboard processors will be used to gather
datm as to their effectiveness and to form the basis for a highly

reliable architecture definition.

(U) The research will include studies to define the SDI pro-
cessing functions and fault-tolerant requirements that must be
performed, the information flow that exists between the functions
and the response times required to meet the overall mission re-
sponse time requirements. The system operating concept definition
and the requirements specifications derived from the need to do
autonomous secure fail-safe processing will be developed.
Promising architectural approaches will be incorporated in a
demonstration computer to further validate usefulness and
performance, Failures will be induced to observe the system
response to failures. Hardware/software fixes will be designed,
implemented and tested. The final products will include a fault-
tolerant computer system specification for a system which will
meet the BM requirements including those peculiar to the space
environment and which reflect the capabilities demonstrated on the

development model of the fault-tolerant computer.

(U) In the communications task, research will pursue network
planning and design, communication system designs and techniques,
communication protocols, and candidate communication network archi-
tectures, development of critical communications technologies, and

demonstration of the survivability of dynamic networks.
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(U) 1In the battle management software task, research has
been structured to obtain high confidence of satisfying the BM
software development support requirements. Near term activity
will concentrate on upgrading and tailoring existing and planned
software development technology to support the SDI SA/BM program.
This approach will maximize use of evolving automated techniques
{such as, Program Design Language) for requirements specifications
and analyses, program design and test. It will also permit inte-
gration with the DoD/DARPA high order language efforts, such as
Ada, the DoD Software Technology for Adaptable Reliable Systems
program, and other ongoing projects that are developing technology
that may support part of the SDI BM software effort. The existing
and evolving tools for definition of system requirements, software
requirements, design, and implementation efforts will be combined
into an integrated framework that will increase productivity of

and reduce errors in the BM software development process.

(U) Emphasis will also be placed upon procedures which can
verify the trustworthiness of the system being developed. These
include software technologies for validating the effectiveness of
the developed tools and techniques when used in realistic con-
ditions. These new technologies include the use of design metho-
dologies, rigorous inspection processes to provide correctness,
and analysis tools to measure correctness. Another major activity
will be concerned with applying innovative and advanced concepts
to BM software development. For example, knowledge-based engi-
neering and expert systems technology may have great potential for
improving the development process and will receive in-depth
evaluation. Also modern supervisory/control software (systems)
will be evaluated for their potential to achieve significant
increases in efficiency and reliability. Advanced techniques will
be integrated into the SDI BM software development technology base
as their feasibility and usefulness are verified.
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(U) BM/C3 Experimental Systems
(U) BM/C3 Experimental Systems Technical Objectives

(U) The BM/C3 Experimental Systems effort is one facet of
the overall SDI Technology Verification Strategy that endeavors to
provide the national leadership with the requisite technical in-
formation to decide whether to embark on development and/or later
deployment of a strategic defense system. The SDI Technology
Verification Strategy incorporates simulations, tests and demon-
strations to evaluate the maturity of technologies required to
support initial options for defensive systems. The performance of
an SDI defense system will depend to a large extent on the perfor-
mance of the battle management/C3 system. Therefore, the
architecture of the battle management/C3 system must be developed
as an integral part of the total defense system architecture.

(U) The objective of this task is to define and develop
experimental versions of battle management/C3 architectures that
would lead to BM/C3 systems which will coordinate and control the
functioning of the diverse defense elements to provide maximum
defense effectiveness and reliability. The experimental versions
of these architectures must demonstrate the ability to survive and
operate reliably even in the presence of failures caused by ‘
nuclear effects, severe electromagnetic threat or direct enemy!
threats.

(U) Significant Accomplishments (FY 1984-1985). Emphasis
was on an initial definition of alternative architectures for

BM/C3 and evaluating them according to identified quantitative
subsystem functional and technical requirements and trade-offs.
This work concentrated on space-based systems.

(U) BM/C3 Experimental Systems Project Description

(U) The Battle Management/C3 Experimental Systems project
develops BM/C3 architectures, the resulting quantitative subsystem
functional requirements, and technology trade-offs, which are
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responsive to the BM/C3 requirements identified as a result of SDI
Systems Analysis., This project also performs the analyses and
research leading to and including the development of experimental
versions of BM/C3 systems. The demonstration of these experi-
mental versions will validate the ability of technology to meet
the requirements of the BM/C3 component of a strategic defense.
The BM/C3 Experimental Systems research will use prototypical
technologies selected from alternatives developed in the BM/C3
Technology project assembled in experimental versions to evaluate
system-level performance of technologies and architectural con-

cepts.

(U) The demonstration of experimental versions and the con-
duct of BM/C3 experiments will be through the National Test Bed
(NTB), where their execution in a system-wide simvlated
environment is required to assess the achievement of 