
DhIM FILE COPY

AMENDED FY 1988/1989 BIENNIAL BUDGET
JUSTIFICATION OF ESTIMATES

SUBMITTED TO CONGRESS

FEBRUARY 1988

0

DTI

SAPR 1818 UD
SAPPROVFn FOR MIR1LIC RFLFAsF:
DISTRTBI1TION IS UNLTPl]TFD

DEFENSE ADVANCED RESEARCH

PROJECTS AGENCY

88 4 15 095



DEFENSE ADVANCED RESEARCH PROJECTS AGENCY
RESEARCH, DEVELOPMENT, TEST AND EVALUATION, DEFENSE AGENCIES
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1. TECHNOLOGY BASE 503,288 638,775 624,986 (98,683) 526,303

2. ADVANCED TECHNOLOGY
DEVELOPMENT 251,774 220,133 299,646 (49,200) 240,446
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SUPPORT 24,444 20,634 20,410 ti,313) 19,097

TOTAL RDT&E - DIRECT 779,506 879,542 935,042 (149,196) 785,846
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DEFENSE ADVANCED RESEARCH PROJECTS AGENCY
RESEARCH, DEVELOPMENT, TEST AND EVALUATION, DEFENSE AGENCIES

SUMMARY BY PROGRAM CATEGORY
(S IN THOUSANDS)

FY 88-89
FY 2987 FY 1988 PRES BUD FY 1989 FY 1989
ACTUAL ESTIMATE FY 1989 CHAJ-GE ESTI'.ATE

6.1 RESEARCH 98,006 80,000 122,535 (33,043) 89,492

6.2 EXPLORATORY DEVELOPMENT 405,282 558,775 502,451 (65,640) 436,811

6.3 ADVANCED DEVELOPMENT 251,774 220,133 289,646 (49,200) 240,446

6.4 ENGINEERING DEVELOPMENT -- -- --

6.5 MANAGEMENT AND SUPPORT 24,444 20,634 20,410 (1,313) 19,097

TOTAL RESEARCH & 779,506 879,542 935,042 (149,196) 785,846
DEVELOPMENT (PROGRAM 6)

TOTAL OPERATIONAL SYSTEM - - --

DEVELOPMENT - -.

TOTAL RDT&E - DIRECT 779,506 879,542 935,042 (149,196) 785,846

REIMBURSEMENTS 4,21 , 10,000 10,000 20,000

TOTAL PROGRAM 793,723 589,542 945,042 (149,196) 795,846
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AMENDED FY 1988/1989 BIENNIAL 5JDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0601101E Title: Defense Research Sciences

Budget Activity: 1. Technology P1.se

A. RE-90URCES: ($ in Thousands)

Project FY 1987 FY 1988 FY 1989 Total
Number Titl Actual Estimate Estimate Prcri-

CCS-02 Advanced Digital Structures 16,197 26,590 29,947 Continuinrg
and Network Concepts:

CCS-03 Modernization Technology 6,630 2,742 1,104 Continuing

DRG-01 Geophysical Research 1,880 1,921 2,600 Continuing.

DRH-01 Systems Sciences 12,693 6,932 8,500 Conti nu ing

DRT-01 Armor Materials Research 9,520 4,500 5,000 Continuing

ES-01 Electronic Sciences 24,103 22,938 21,139 Continuing

MS-01 Materials Sciences 17.953 14.377 21.20 Continu ing

TOTAL FOR PRGRAM ELElaM 88,976 80,000 89,492 Continuing

B. RIEF DESCRIPTION OF ELnM1r: The Defense Research Sciences program elerent
provides the technical foundation for lcrxn-term bi2provmean in military
equipment and systems through the discovery of new phenomena and the exploration
of the potential of such phenomena for military applicatiom. Projects CCS-02,
Advanced Digital Structures and Network o•rcepts, ES-Ol, Electronic Sciences,
and MS-01, Materials Sciences in the Program Elemnt are discussed in the
individual project descriptions. The Modernization Technology Project is
developing inexpensive, tethered platforms for rapid elevation of sensors and
cOmrMunications antennas from tactical vehicles. -Terrain masking effects and
line-of-sight requirements for modern comwand and cornrol systers constrain the
comrnder's choice of locations for deployment of critical assets. The
requirements for connectivity and cbservation 'cbflict with requirements for
survivablility of expensive and critical resoirs. Current mast technology for
elevating comnand and control systems is severely limiting in elevation proa:id*c-
and manpower/time required to deploy. The developent of small, lightweight and
inexpensive ducted-fan platform will provide the ability to rapidly lift
payloads to hundreds of feet of elevation versus current mast technology v.-hich
can push payloads to only tens of feet.--pThe Geophysical Research Project ai.n
to improve yield determination of Soviet undergrRoud nuclear explosions and
discrimination of earthquakes, quarry blasts, and decoupled underground nuclear
explosions. -Discrimination research is aimed at having the best possible
verification capabilities available to verify ompliance with the Threshold Test
Ban Treaty, and to verify crmpliance in the event of a low-yield or
corprehensive test ban treaty. oJThe Systems Sciences Project involves researchin the following areas: Advanced biosensor design/fabrication; very !;_'Cg scale -
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AMD= FY 1988/1989 BIENNIAL NJDGMI
RDT&E DESCRIPIVE SUMMARY

Program Element: 060110E Title: Defense Reseatch Sciences
Budget Activity: 1. Technolo•¢ Base

integrated (VLSI) neural net chip fabrication; bio-organic materials for
advanced sensor applications and naval countermeasure exploitation; advanced
applied mathematical techniques for clustering algorithms to distinguish
different emitters - radar, anti-submarine warfare (ASW), dense electronic
warfare (EW); automatic personal computer system for high speed exact image
compression and regeneration; and adaptive vehicle technology. Under the Armor
Materials Research Project, research is performed to support all aspects of the
Armor Program in program element number 0602702E, Tactical Technology.-. Included
areas of effort are: low-cost processing of ballistic ceramics; development of
new alloys and processing methods for tungsten; development of light-weight,
high strength cermets; fundamental investigations of the physical mechanisr.s of
armor penetration; computational penetration mechanics and improvements in
modelling high rate deformation and failure; and studies of the therno-chamica'"
processes in explosive detonation and deflagratiorVdetonation transitions.

C. PROGRAM ACCPLISHMENTS AND PIahS: Projects CCS-02, Advanced Digital
Structures and Network Concepts, ES-01, Electronic Sciences, and .MS-01,
Materials Sciences in the Program Element are discussed in the individual
project descriptions.

1. Projlct Number CCS-03, Modernization TechnoloMv:
FY 1987 proTram: wo versions of tethered,,-ducted-fan platfo•rr
developed and evaluated
FY 1988 Planned Proaram: First field demonstration model
developed and inteqrated into tactical vehicle.
FY 1989 Planned r : Field demoristration mood Lprovided to
Army for evaluation. Additional o6pies developed to support
technology evaluation by services.
Praram to Comletion: Technol6gy development transfers to
services by FY 1990. 7

2. Project Number VG-01. g vical Researc:
FY 1987 Proaram:
- Measurement of short period surface waves from Soviet shots at

Novaya Zemlya; and practical use for yield estimation.
- Determination of effects of laterx1.refraction on Novaya Ze-.lya

surface wave yield estimates.
- Development of improved equation of state for brittle rock

under high stress, and application to coupling of underground
nuclear explosions.

FY 1988 Planned P :
- Determination of relative coupling at Soviet test sites by direct

laboratory measurements on field samples from the Soviet Union.
- ruetermination of accuracy of CORR= method for yield

estimation in rocks at the Soviet test sites.
- Development of graphics techniques and geophysical and satellite

data bases to make relevant information rapidly available to the

".fi /./
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AMENDED FY 1988/1989 BIE4NIAL BJDGET
RDT&E DESCP-PI'VE S WY

Program Element: #060ll01E Titla: Defense Research Scences
Bxdget Activity: 1. Technolc:y, B74s'e

analyst who is attempting to discriminate an event.
FY 1989 Planned Proxr-d:
- Use laboratory, field, and finite difference techniques to

understand a discriminant whuich appears very prcrising: the
ratio at regional distances of shear to compressional phases in
the 4-8 Hz range.

- Understand and exploit for determination of Soviet yields the
high precision of scattered seismic phases.

Prroram to Completion: This is a continuing progran.

3. Prolect RH-01, Syster Sciences:
FY 1987 Pcr:
- Deaonstrated 10 decibel (dB) suppression of ocean surface-

generated acoustic noise by monolayer biosurfa-tants.
- Donstrated membrane stabilization for solid-state elec"tro-

chemical sensor.
- Demonstrated stable silicon-based neural chips featuring both

reversibility and continuous gray-scale.
- Developed image corpression algorithms 1,000 tines rore p'cerful

than previous methods.
- Cmpleted outdoor testing of the hexapod vehicle.
FY 1988 Planned Program:
- Donstrate utility of reverse bias silicon (RBS) biosen.sor in

pathogen detection.
- Complete clustering aloorittm software for ASPM machine.
- Formulate multigrid methods for stress-related opt-aizanion

problems. . _

- Control dynamically balanced vehicles on rough terrain.
FY 1989 Planned Proaram:
- Demonstrate ability to chemically modify the surfaces of sel f

assembling tubules (SAT), and evaluate SAT lyotropic effects for
contm-lled rnicrostructure fabrication.

- Demonstrate utility of RBS biosensor in rtlti-target operation.
- Coplete algorithms, software and machine design for auto-matic

high speed image ccrpression systi- of real world images.
- Trwafer adaptive vehicle progrw-i to program element 060230C!,

Strategic Technology.
Prcaram to Completion: This is a continuing program.

4. Prolect DPT-01. Armor Materials Research:
Ff 1987 Pr•:
- Developed diagnostic tools to evaluate ballistic events in a:-o

penetration experiments.
- Developed materials for armor appliques and shaped charge "c.dn.
- Achieved breakthrough in processing of tungsten alloys that

promises substantial improvement in perfornance of anti-arn-cr
projectiles.



AMETIDED FY 1988/1989 BIEN1NAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: ,060II01E Title: Defense Research Sciences
Budget Activity: 1. Techn•olocny se

FY 1988 Planned Prrx:
- Complete diagnostic tools for armor penetration experiments.
- Begin work to understand the physical mechanisns of arror

penetration and model the penetration phenomena with co.puter
calculations.

- Transfer work on irproved tungsten and depleted uraniumn alloys
to industrial tears in the Armor/Anti-Armr Progra m in F>rogra:-.
Element Number 0602702E.

- Continue research on novel materials and ooncepts for armor and
anti-armor.

FY 1989 Planned Procra:
- Supplement research on physical mechani.vzs and mechanics of

"armor penetration by dynami' materials proprty measurer•-•ts on
materiels of interest for armor applications.

- Continue basic reseirch on armor and anti-armor materials.

"Proranm to Co mpletion: This project provides basic technology
that will be utilized aarost immediately by development efforts in
Zhe Armor/Anti-Armor Progran in Pr--r-m Element Number 0602702E,
Tau t ical Technology and the Balanced Tenology Initiative (BTI).
The project is planned for c=Pletion in FY 1992.

D. WORK PER/FOE•D BYf Projects CCS-02, Advanced Digital Structures and te.rk
Concepts, ES-01, Electlonic Sciences and MS-Ol, Materials Sciences in the
Program Element are disctssed in the individual project descriptions.

1. Proiect Parber CtS-03, Moder ization T cnolov: -he tethered,
dhicted-fan platform -is being develcped by Peiceptronics, Woodiand
Hills, California, Moiler Cor.poration, Davis, California, and the
Naval Research Laborato.-y, Washington, D.C.

2. Project Nurtmler ERG-Ol. Ged-bwical Research: Performers include:
California Institute of Teclnology, Pasadena California:
Massachusetts Institute of T-hnology, Boston, Massachusetts;
Southern Methodist University, Los Angeles, California; St. Inuis
University, St. Louis, Missouri; arid. University of California,
Berkeley, California.

3. Project Nrnzber tP}T-Ol. Systems Sciernxc: Perforrers include:
Harvard University, Cazbridge, Massachus.tts: The Jet Propulskcn
Laboratory of the California Institute of T-&i-nology, Pasadena,
California; Hughes Research Laboratory, Malibu, '-zlifornia; ATr.7
Technologies, Inc., Whippany, New Jersey; and the Virginia
Polytechnic Institute & State University, Blacksburg, Virginia.

4. Project Number DRT-01, Armor Materials Research: The Los A]a,-cs
National Laboratory, Los Alamos, New Mexico, performs the great



AMNTMED FY 1988/1989 BIEWIAL BUDG T
RDr&E DESCRIPTIVE SUMtMRY

Program Element: #060110E Title: Defense Researth Sciences
abxet Activity: 1. Technology Base

4. majority of the work under this project.

E. RELATED ACTIVTTIES: Projects CCS-02, Mvanc Digital Structures and
Network Concepts, ES-01, Electronic Sciences and MS-01, Materials Sciences in
the Progran Element are discuessed in the individual project descriptionz.
There is no unnecessary duplication of effort within the Department of Defense
for the research performed under this program element.

1. Projec-t Nuber CCS-03. Modernization Technoloy: None.

2. Pject Number DM-O01. gyc&±sical Research: There is no other
substantial source of basic researth funding in nuclear test-ban
treaty gecopysics. Developments in the research program are assured

, of transfer to applied prograz• by attendence at yearly research
review meetings of al l appropriate governmental agencies.

3. Project Nurber MRi-01. Svstem &cie : Work is coupled to Tri-
Service needs through DARPA agents, annual program reviews,
quarterly topical reviews and inter-agency working groups. The
annual and quarterly reviews are open to DoD, irdustxy and acaderic
participation. These activities assure no unnecessary duplication',
of efforts ocrs.

4. Proiect Nurber QTK-01 Armor Materials e : This projectprovides basic research to support: the Armor/Anti-Armor Proran in

program element number 0602702E, Tactical Technology, and the
Balanced Technology Initiative. The Armor/Anti-Armor Program has a
joint program office (JPO) which ha.a representation from the Ar.y
and Marine Corps to preclude duplication of efforts.

-. F. MTOý AP•M .IATIoV F•N•: None.

IIlI. i
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AMENDED FY 1988/1989 BIENNIAL BUDGET

RDT&E DESCRIPTIVE SUMMARY

Program Element: #0601101E Title: Defense Research Sciences
Project Number: CCS-02 Budget Activity: I- Technology Base
Project Title: Advanced Digital Structures & Network Concepts

A. jt . ($ in Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate liMt Prorgram

Advanced Digital Structures & 16,197 26,590 29,347 Continuing
Network Concepts

% B. BRIEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIESl The
objective is to develop the fundamental technology in advanced digital structures
and network concepts for smaller, more powerful and less expensive distributed
military information processing systems. Design methodologies and tools are being
developed for Very Large-Scale Integrated technology which reduce design time and
cost, and produce better designs for DcD applications. System and Network
concepts are being explored for use in future Communications, Command & Control
architectures which will lead to survivable systems which are easier and faster
to use. User interface techniques are being developed which simplify access to
distributed resources and anticipate the intent of the user. Concepts for
partitioning systems are being developed whereby a system can continue to
function at a usable level of capability after being split or prior to merging
"into an integrated system. Techniques are being developed to facilitate resource
sharing among computers and provide easy construction of tailored service units
by the user.

C. PROGRA.V ACCOMPLISHMENTS AND PLANS:

FY 19i7 Prozran:

- The first release of Berkeley's OCT/VEM design system with 20
associated tools is now in distribution. A domain-independent shell was
developed by Rutgers and demonstrated for both VLSI and mechanical designs. CMU
completed a release version of COSMOS, a compiled simulator for MOS logic. USC
developed a methodology for modeling all important aspects of known testable

Sdesign apnroaches. Stanford demonstrated a prototype for a process design
* language.

- The USC/ISI MOSIS VLSI brokering service supported over 100
'Iorganizations with approximately 2,000 design projects.

Many new results have been derived from MIT for parallel algorithms
S--4  and complexity. The architectural design and specifications of Cal Tech's

second generation cosmic cubes was completed. Fully functional MIPS-X chips were
* complet.,d at Stanford and successfully fabricated. The first full-scale (512x512
e. pixels) prototype of the VLSI-based architecture for UNC's Pixel-Planes raster
.'4. graphics was completed and demonstrated.

- Research in cooperative interactive systems provided a methodology
"41 for building information services which sharea &-hatural.;easy-to-use interface

that is consistent across different systems.
- Development began on user interfaces that maintain the underlying

consistency of a workstation environment while customizing that same environment
for specific users using a semantic model of available functions and data,

%.



AMENDED FV 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: fQ1Q0j, Title: Defense Research Sciences

Project Number: CCS.02 Budget Activity: 1. Technology Base

Project Title: Advan-ed Dizita! Structures & Network Conceots

- A modular, object-oriented, database management system extensible to
new applications was augmented to provide priority processing of time-critical
data.

- Automated techniques for robust estimation of phoneme model
parameters was demonstrated.

FY 19S Planned Program:

- Demonstrate new design capabilities for advanced computer
architectures based on Complementary Metal Oxide Semiconductor (CMOS).
wafer-scale technology and Gallium Arsenide (GaAs) technology.

- Begin development of a uniform workstation interfact for use as the

main interface mechanism for the next-generation operating system, called MACH.
- wo trial database systems, which use an extensible system prototype,

are beginning implementation and evaluation.

- In speech recognition, techniques will be developed to enhance the
orobustness of acoustic-phonetic features.

FY 1989 Planned Prorramm

- Integrated design systems that use hardware accelerators, will be
developed, which allow designers to deal with the complexity of sub-micron
designs, mixed technologies, and system synthesis.

- Demonstrate a uniform workstation interface for users in a very large
distributed environment, and develop a large, complex software system based in
MACH.

- Improve languages and techniques for robotic instruction used to
interact with human assistants.

- In well understood task domains, simple robotic prototypes will be
demonstrated performing numerous complex perceptual and reasoning tasks with
little or no direction from humans except for instruction of very general goal
conditions. Emphasis will be on robotics in manufacturing tasks.

- Testbed activities at this time will capitalize on previous DARPA
funded research in machine perception and ribotic planning.

S
•,•Program to Comnletion-k

- Advanced silicon compiler technology will be developed and this

design technology will be extended to other design disciplines. Very Large Scale
Integrated architecture and design efforts will focus on development of
integrated capabilities for the design. fabrication, and test of integrated

circuits containing in excess of one million gates and for the rapid prototyping
of systems containexng circuits of this complexity.

C continue experimentation in advanced computing architectures with
major emphasis plac6d on rapid prototyping of very high-performance special

W purpose accelerators, which operate and interface to emerging architectures and
systems.

A%0
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&A DESCRIPTIVE SUMMARY

Program Element: # Title: Defense Research Sciences

Project Number: CCS-02 Budget Activity: 1. Te.chnologv Base

Project Title: Advanced Digital Structures & Network Concents

- Research in speech will produce connected-word speech systems that
can perform simple functions such as database retrieval and machine operating
system commands.

- Intelligent user interfaces will combine natural language and graphic
outputs, and user models that anticipate work session scenarios will be
implemented. Oporating and network management systems will result in robust,
survivable systems that continue to provide local utility in the face of major
global outages.

- Methods of using computing power to aid in collaboration for staff
design and planning tunctions will be extended to support geographically

5$ distributed domains.

D. WORK ?ERFORNIED BYi The major' performers are University of Southern
California/Information Sciences Institute, Marina del Rey, California; Stanford
University, Stanford, California; Massachusetts Institute of Technology,
Cambridge, Massachusetts: MIT Lincoln Laboratory, Lexington, Massachusetts;
University of California at Berkeley, Berkeley. California; and Defense
Communications Agency DECCO, Be'leview. Illinois.

•w E. COMPA21SON WITH FY 198S DESCRIPTIVE SL."WARY: No change.

F. PROGR.M DOCUMENTATION, Not Applicable.

G. MILESTONE SCHEDULE:

Z Milestones

Dec 1988 Develop a uniform workstation interface for the next-generation
.. operating system (MACH).

May 1988 Demonstrate a system to enhance the planning and collaborative
performance of a VLSIC design group.

"May 1988 Develop robust acoustlc-phonetic features that enhance speech
', recognition.
* May 1988 Demonstrate a wafer-level design system.

Sep 1989 Demonstrate a uniform workstation user interface and stress it by
developing large bodies of software.

"H. RELATED ACTIVITIES:

* - The work provides the technical base for other DARPA program areas,
particularly Program Element #0601301E, Strategic Technology, ST-1O, Strategic
Computing.

1. 0 .WR APPROPRIATION FUNDS: None.

.I t
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AMENDED FY 190C/1989 BIENIT;AL BUDGET
RDT&E CESCP.IPTIVE SUMMtARY

Program Element: #0601101E Title: Defense Research Scienices
Project N~umber: VT:v-~ Budget Activity: 1. TechrillocTBase
Project Title: Mfaterials Sciences

A. RESOURCES: (S in Thousands)

FY 19P7 FY 1988 FY 1989 Total
Title Actual Estimate Estimate Procram

Materials Sciences S17,953 $14,377 S21,202 Continuing

P. BRIEF DESCPIPTIOrJ OF ELEMFNT: New materials and concepts for
advanced retal matrix composite structures; novel processing for ceramics
arc' ceramic composites; synthesis of stronger and more heat resistant
polymers; solid lutrication for high temperature wear reduction~; arc, radar
absorbing materials and structures.

C. PROGPP'- ACCOMPLISHIENTS ANC PLANS:

FY1r'Program
Extndd the Lanxide process for convertingj molten metals into

ceramics to produce ceramic composites with extremely high toughness
- Increaseri the high temperature creep strength of materials by a

factor cr three through the Excthe-mic Dispersion (Xfl' process of
fabricating metal matrix composites required for advanced rissiles and
hypersc'n'c aircraft

- Demonstrated enhanced performance of composite structures For
radar protection under conditions of strcss anid temperature

- nitiated a program to develhp composite polymer blends which have
excellent high tem~perature strength

FY 198C Planned Program:
- emonstra*.e net shape forming of Lanxide ceramic composites for low

cost armor tiles and gun barrel liners.
- Achieve increasee fracture toughness of brittle matrix composites

b'y designing weak interfaces between the matrix and reinforcing fibers
-Develop internetallic niobium-base alloys to increase the turbine

inlet tenperature of engines by 300 to 5(C0 degrees centigrade
-Utilize microwave processing of polymers to synthesizep so~lar

blankets for spacecraft protection

FY 19P9 Planned Program:
-Evaluate solid Turica nts in special tribctester to determine uLprr

terperature cperational l~inits

and evaluate the corporients
toiieLniecrmi opstsfrhghtmeauesrnt



,11 AIPENVED FY 19U3/1989 BIENNiIAL BI),GET
RDT&E PESCPIPTIVE SUflIAPY

Program Element: #O4O1IO1E Title: Defense P,'search Sciences
Project N:umber: MS-01 Budget Activity: 1. rechnlog-yBase

* Project Title: 1ýaterialb Sciences

- Achieve operational terperatures three tir.es higher than those
achpvatle using graphite/epnxy through polymer blend composites reinforcee
with graphite fibers

PPPCPA,,.i TO COTPLETION:

- Demonstrate Larxide ceramics as iriprovedr applique armor
- Fabricate advarced titanium metal matrix composites into corpcerets

for missiles and aircraft.
"- Develop improved radar absorbing structures -or airframes and

"engines.
- Demonstrate niobiun intermetallics in high temperature turbine blade

application

D. V(ORK PERFOPMED BY:: Major perFormers include: Lanxide Corporation,
f•ewvark, feiaware; Huqhes Aircraft Company, Los Angeles, California; Celanese
Corporation, Newark, New Jersey; Pratt and V'hitney Corporation, V|est Palm
5each, Florida; and Virginia Polytechnic Institute, Blacksburg, Virginia.

E. C(.P.AP..SON V ITH FY 1988 DESCPPTIVE StIMIARY:

WPACT OF CHANGES

Budget Year
Chanqe Schedule Schedule Change Cost_(50___

"Cost Synthesis of adhesives Cancelled
capable of withstanding
up to 450'C with extended
service life

"Cost Fabricate composites Delayed to -S2,100
"" (radar absorbing nateri.ls) flay 1990

with low observable
properties

r? MPPPATIVE DESCRIPTIOiN OF CHANGES

COST CHANGES: Pudgeting reductions force both a phase out of the high
temperature polymer adhesives program and a 9 month delay in i.plementatior
of sever-'l projects in the radar absorbing raterial/radar absorbing
structurp (RAM/RAS) program.

S•L



AMENDEP FY 1988/1989 RIENIDL BUDGET
RDT&E CESCPIPTIVE SM-.10{Y

Program Elerert: 70601101E Title: Defense Research Sciences

Project Number: MS-71 Budget Activity: 1. .echr roo _• Base

Project Title: Materials Sciences

F. MF)GRAIT DOCUMENTATION: Not Applicable.

G. 1LFSTON!E SCHEDULE:

Plan Milestones
Sep 19ei C emonstratp coupcn-sized radar absorbing compositp

structure which can sustain extreme environments

Sep 10f Demonstrate epp7icability of Lanxfde technclogy to

S ceramic armor and ceramic composite gun barrel liners

"Sep l]qpt. Develop synthesis of polymers capable of withstanding

up to 450'C with extended service life

flay 1969 Establish approaches for the solid lubrication of

* ceramics in sliding wear at both high (6500C)

and low (-5O'C) temperatures

Dec 19P9 Develop new niobiur based Interrietallics for hig. .

temperature turbine applications up to 140O0C

SOct 19CC Fabricate corpnsltes (radar absorbing materials) with

"low observable properties

Dec 1990 Initiate work to fabricate an engine exhaust

"V component exhibiting low observable properties

"during operation

P. RELATED ACTIVITIES: DARPA's research on Materials Processing

Technology is" coordinated within the DoD and with other federal agencies

via the NSF-hosted Interagency Materials Croup, OSTP's Committee on

Mt-aterials, and various DDPAE sponsored topical workshops on composite

imatirials. These activities assure that no unnecessary duplication of effort

* Occurs.

I. OTHEP APR0PRRIA1rf' FUTPS: None.

A,

S.
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AMFM, ED FY 1988/1989 BIFN'NIAL BUDGET
"FWT&E DESCRIPTIVE SUMMARY

Program Element: 00601101E Title: Defense Research Sciences
*Project Number: ES-01 Budget Activity: 1. Technology Base

Project Title: Electronic Sciences

A. RESOTRCES: ($ in Thousands)
FY 1987 FY 1988 FY 1989 Total

Title Actual Estimate Estimate Prorranr
Electronic Sciences $24,103 $22,938 $21,139 Continuing

B. BRIEF DES IrPTIO OF MJSSICt: REQUIREI S AND SYSTEM CAPABILITIES:
The objective of this project is to explore and demonstrate device, material, and
material processing concepts which will provide: (1) new technical options for

Simplementation of future electronic and optical systems and functions for
information tranmission, gathering and processing; and (2) substantial increases
in performance, survivability, reliability, and availability of electronic
•carponents and monolithic, high caroughput circuits at reduced cost per function.

Specific areas are: innovative semiconductor processing and device desiCn con-
cepts; electronic and optically active polymers; monomolecular thin film
structures; photorefractive materials and devices for Fchieving optical beam
irudulation and steering; nonlirear optical effects for optical oclputing; and

-• £ signal processors using acoustic charce transport (ACT) technology.

C. PRCGRAM ACCO LISHMENnS AMD PLANS:
FY 1997 Program:

- Deronstrated 0.7% coumositional uniformity frnm heteroepitax;y of
mercury cadinin telluride (MCT) on 2 inch diameter gallium arsenide (GaAs) wafers

- Demonstrated heterojunction bipolar transistor research devices with a
frequency cut-off for power gain (fmax) as high as 175 gigahertz (QLz)

- Measured permeable base transistors (PBT) to have a 45% power added
efficiency at 22 GHz with two devices able to deliver over 400 milliwatts of
power

"I - Multi-wavelength liciht emitting diodes (LED's) have been proven
feasible in monolithic chip by laser assisted molecular beam epitaxy (MBE) of
galliui-aaliuminum-arsenide

a, - Demonstrated the first optical processing device to be fabricated in
an organic material - a waveguide electro-optic modulator. Research continued to

- improve the modulator performance over the past several months, increasing the
frequency response to 200 kilohertz Mizz) and lcoering the voltage to 4 volts

*_ - Demonstrated a laser diode using a threshold current of less than I
milliamp, an order of magnitude inprovent over previous threshold levels

- Achieved two dimensional (2-D) image switching from one beam to
another in GaAs - the first demonstration of optically addressed GaAs spatial
light modulation

- Achieved continuous operation of a laser diode fabricated in GaAs that
was grown on a silicon rabstrate - the most coaplex device demonstration to date

St.in the very promising heterortru-ture of GaAs on silicon
- Corpleted fabrication and test of hybrid Wr feasibility models of the

following devices: analog memory (400 megahertz (MHz) bandwidth, 40 decibel (db)
dynamic range and 12.5 microsec hold); stationary vector processor (200 MHz,
60db, 256 time bandwidth product); psuedo noise correlator (80MHz, 50db, 400
processing gain); adaptive vector processor (200 megahertz (MHz), 60 decibel
(db), 256 time bandwidth product).

S/



PNIO AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUlMMARY

Program Element: #0601101E Title: Defense Rpsearch Sciences
Project Number: ES-01 Budget Activity: 1. Technology Base
Project Title: EI=tronic Sciences

FY 1988 Planned Program:
- Continue materials and device efforts directed toward achievirc

millimeter wave, three terminal devices with emphasis placed on achieving hich
efficiency and power in the millimeter wave region

- Continue realistic electronic structure and device modelling efforts
in order to provide guidance for the experimental materials and device research

S- Develop eiectro-optical measureent techniques with subpicosecorcA
resolution for investigating the physics of ultra hich speed structures and as a
potential replacenent for slowr, cumbersrme electrical approaches

- Initiate a program to investigate the potential of gallitum arsenid.-
(GaAs) microwave. wafer scale, transmit, receive (T/R) cells to realize a thin,
conformable low radar cross section antenna
ofousExpand materials and device research programs to dhlop laser source
and detector technology for optical satellite communications

- Create isproved photorefractive materials for ligc t modulation and
vnonlinear materials for optical switching
coti Connue explotinu o sves lations of novel devies exploiting the capabilities

$.•?•of focussed ion beam technology to expand the performance of high-frequency
,-..•devices for military applications

•'. -' -Explore such areas as gall ium-arsenide-on-s ilicon heteroepitaxy.,
"•..'.,very-high-speed tunneling transistors, and materials characterization techniques;

i continue exploration of superlattice and other small -dimension structures for

novel electronic and optoelectronic applications
, Corplete monolithic fabrication of interface and processing circuits

directly on the same GaAs substrate with acoustic charge transport
(ACT) device

FY 1989 Planned Progam:
- Use device designs that have yielded successful domwnstrations of

millirreter-wave operation in monolithic implementations that contain both the
'V active and passive devices needed for monolithic millimeter wave (mm-wave) phased

array modules
- Apply Moncoolecular langoiir-Blodgett films to novel materials and

device structures to evaluate the passivation potential of these films
- Identify potential applications of semiconductor superlattices, in

0 which scientists can tailor crystal properties as desired by adjusting material
conpositions and layer thicknesses

- Continue development of processing technology for submicraeter
feature sized digital and analog circuits

- Continue exploration of electronic and optical polymers for unique
properties of siqnificance to DoD applications and optical techniques for
symbolic computing

- Initiate work into realizing optical neural networks and expand
research into novel devices based on organic and polymeric materials that ars
emerging from the existing nonlinear optical materials thrust

- Continue developrent on monolithic ACT technology along with
demonstration and testing of the optimized proaramnable transverse filter

'//



AMEDED FY 1988/1989 BIELNIAL BUG•
RD'Y&E DESCRIPTIVE SUMARY

Program Element: #0601101E Title: Defense Research Sciences
Project Number: ES-01 Budget Activity: 1. Technoloy Base

. Project Title: Elect-onic Sciences

Proqram to Campletion: Ebcpand new efforts in technology applidations of
,ornaelecular films, superlattices, electronic polymers, and three deimnsional
circuit structures. Continue the subnicron materials and device physics effort
due to the far-reaching operational significance which acccnpanies siccess, and
the extrem technical challenge involved. Continue efforts in extremely hiqh
frequency device and material structure due to their ereraing importance in
superconputation and secure communications as well as electronic warfare.
Continue monolithic integration of optimized acoustic charge transport (ACT)
devices with control and interface circuitry to form practical Analog/Digital

* array processors. This is a continuing proqram.

D. WORK PERF BY: Performers include: Rockwell International Science
Center, Thousand Oaks, California; Westinghouse Research Center, Pittsburgh,

* ""Pennsylvania; Celanese Research Center, Smmit, New Jersey; Stanford Universit.,
Palo Alto, California; and the Lincoln Laboratory, Lexington, Massachusetts.

E. CCMPARISON WTH1i FY 1988 DESCRIPITVE SUM4ARY: No significant changes.

F. PROGRAM DOM ATICM: Not Applicable.

G. MILESTCE SCHEDULE:
Plan Milestone
Aug 1988 Complee evaluation of alternative mercury telluride systems

for imprcnted infrared detecting material systems vis-a-vis
-*" mercury cadmium telluride

Aug 1988 Corplete fabrication and t -st of ACT monolithic devices
Aug 1988 Demonstrate 94 gigahertz (GQ.z) permeable base transistor amplifier
Jan 1989 Demnstrate an optical inference machine based on either

matched filtering or template matching
Jan 1989 Demonstrate the growth of gallium arsenide (GaAs) thin films

on silicon s-ubstrate lsing 1w-i temperaure beam processing
Aug 1989 Demonstrate Optical S-parameter measurerent capability for

100 GHz transistor evaluation
Sep 1990 Demonstrate stark-effect transistor
May 1991 Demonstrate reconfigurable optical intexconnect device

H. PMLAT IwrVITIES: Developtents in electronic materials, device concepts,
and processing methods are coupled to the services' programs throuch the DARPA
agents, annual DoD-wide program reviews, and coordination through the DOR&E's
Advisory Group on Electron Devices (AGED). These activities assure that no
unnecessary duplication of effort occurs.

• .• I. TERAPPROPRIATION FUNDS: None.

- %



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPVE SUMARY

Program Element: 40602101E Title: Technical Studieg
Budget Activity: 1. Technolcvy Base

A. ($ in Thousands)

Project FY 1987 FY 1988 FY 1989 Total
Nu.mber Title -bal Estimat Estimate Pra

TOTAL FOR PROGRAM ELB4EMET 0 $1,700 $1,800 Continuing

b IEF DESCRIPTION OF nL1r: This program provides independent, topical, in-
de+th .t•udies and analyses is support of the Office of the Under Secretary of
Defe.,se for Acquisition CUSD(A), and its various couponent offices. Each year the
most w-gent subjects are chosen by the directors of Strategic and Theater Nuclear
Forces, Tactical Warfare, Research and Advanced Technology and others. The
Instf ute for Defense Analyses (IDA) provides in-depth answers to current and
anticipaten future problems assisting the decision makers to make better informed
judgements ari decisions.

C. PROGRAM AOQ2.ISHMENn1`S AND PLANS: The CJSD(A) plans for IDA work in FY 1988
include studies in Improvement of Chemical Capabilities, Improved Battlefield
Nuclear Deterrence, Electronic Techniques for Surveillance, Target Acquisition and
Selection, Aircraft System Laser Survivability, High Terperature Super-
conductivity, Relative Assessment of Tecnology Payoffs, Technology to Reduce Weapon
Systems Support Requirements, Anti-Armor Munitions Master Plan, Human Factors
Engineering Design, and Caupetent Munitions. Program plans for FY 1989 and FY 1990
are not fully formulated at this time. However, it is envisioned that some work
will be extensions of work initiated in FY 1988. Political and military situations
that may develop between now and FY 1990 may necessitate rapid revisions. Tentative
plans envision studies in Regional Maritime Air Supersuperiority, Shipboard Local
Area Defenses Combat System, Tactical Laser Designators, ADPt for USMC Fire and Air
Support, Integrated Strategic Defense, and Follo-on 2Fobce Attack Analyses. This is
a continuing program with no set completion target.

D. WORK P•EýFOD BY: This research is performed by the Institute for Defense
Analyses (IDA), Alexandria, Virginia (FFRDC, 100%).

E. RELATED ACTIVITIES: The work performed under this program element is related to
and contributes data to the program management activities of OUSD(A). Specific
offices that have been supported include those of the Deputy Under Secretaries,
Defense Acquisition (IXSDA) for: Research and Advanced Technology; Tactical Warfare
Programs; Strategic and Theater Nuclear Forces; and International Programs and
Technology.

F. OTHER APPROPRIATION FUNDS: None.



AMENDED FY 1988/1989 BIENNIAL BUDGETRDT&E DESCRIPTIVE SUMMARY

Program Element: 0602301E Title: Strategic Technoloav
Budget Activity: 1. Teehnologv Base

A. RESOURCES: (S in Thousands)

Project FY 1987 FY 1988 FY 1989 Total
/ Number Title Actual Estimate Estimate Program

ST-O1 Advanced Strategic $25,642 $16,310 $17,779 Continuing
/1 Concepts and Technical

Analysis
SST-0g Submarine Laser $12,445 0 0 $194,000

* Communications

ST-1O Strategic Computing $102,697 $131,219 $126,133 Continuing

SST-li Intelligent Systems $26,648 $29,613 $30,600 Continuing

ST-12 Advanced Quantum $9,740 $23,606 $17,147 Continuing
* ST-13 Electro-Optics

ST •:ST-1 Broad Area Search $6,500 $5,402 $10,681 Continuing
- and Surveillance .... .

* ST-14 LIGHTSAT 0 $35,000 0 Continuing

ST-is ManTech 0 $19,050 0 $19,050

ST-16 High Temperature 0 $15,000 0 $15,000
"Superconductivity

/ * TOTAL FOR PROGRAM ELEMENT $206,987 $311,500 $227,640 Continuing

B. BRIEF DESCRIPTION OF ELEMENT: This Program Element funds a varied and
broad research and development program directed toward the development and
application of advanced technologies associated with strategic system concepts;

0 innovative strategic technologies; strategic computing; intelligent -ystems;
advanced solid state lasers; surveillance and engagement techniques;
mavufacturing technology; and processing, fabrication and demonstration of high
temperature ceramic superconductors.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

ST-15 FY 1988 Planned Program:(Manufacturing Technology)
c Initiate effort on concurrent engineering of critical

"components and assemblies, such as composite structures for aerospace
0.'. applications, and assembly of avionics and guidance subsystems

* ** LIGHTSAT is described in Project EE-27; PE0603226E
• Totals include classified projects not identified herein

0



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0602301E Title: Strateqic Technology,
Budget Activity: 1. Technologv Base

-,Establish concept and framework for microfactory test bed which
addresses integration of new technologies into advanced manufacturing
environments required for production of reliable, lower cost defense products

-Begin effort on advanced microelectronic customized device
fab'ication using flexible automated approached to eliminate high capital
requirements that inhibit expansion of U.S. electronics production base.

ST-IS FY 1988 Planned Program:(High Temperature Superconductivity)
- Twenty one contracts will be made to institutions who successfully

competed in the DARPA/ONR solicitation on Processing Fabrication and
Demonstration of High Temperature Superconductors. Several additional
contracts may be made based on unsolicited proposals, principally government
laboratories ard not-for-profit institutions who are not allowed to compete on

Z open solicitations.
S- The research will focus on both bulk superconductors which

ultimately will be used for motors, generators, magnets, etc., and thin film
"materials for ultimate applications in electronic devices.

"- Initial emphasis will focus on materials processing aimed at
optimizing microstructure to enhance current carrying capability, magnetic
behavior, mechanical strength and long term chemical stability.

D. WORK PERFORMED BY:

"ST-15; Manufacturing Technology - To be determined

ST-16; High Temperature Superconductivity - The 21 institutions to enter
negotiations with DARPA/ONR were announced on Jan 25, 1988 in a news release
from the Office of Assistant Secretary of Defense (Public Affairs). They
include large ard small industries a&d universities. The announcement also
lists the names of the subcontractors.

Sj- E. RELATED ACTIVITIES:

ST-IS; Manufacturing Technology - Work is coupled to tri-service programs via
agents and the Joint Director of Laboratories Task Group on Manufacturing

ST-16; High Temperature Superconductivity - Research on high temperature
superconductors (HTS) is coordinated within DoO and with other federal agencies
via the HTS subcomnittee of OSTP's Committee on Materials, the DcD HTS
Coordinating Committee, the NSF-hosted ýnteragency Materials Group, and
numerous workshops involving industrial, university and government scientists

Sarnd engineers.

F. OTHER APPRoiekATION FUNDS: None.

, 1,I
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FWY&E DESCRIMM'IE SII*WAY

*Program Eleient: #0602301E Title: Strategic Tlechnology
P~. Project Nmzber: ST-01 Budget Activity: 1. Techoology Base

Project Title: Advanced Strategic Concepts

A. MISOUMhM ($ in thousands)

Title FY 1987 FT 1988 FY 1989 Total
Actual Estiramte EstiimatePrga

Adv Strategic $25,642 $16,310 $17,779 Continuing
4 Concepts & Tech Analysis

B. BRIEF' DESCRIPTION OF MISSICtN RMUIMM AND SiSD' CAPABlILITIES: This
project identifies and evaluates advanced strategic ocincepts and technologies
that have broad applicability to all the efforts of the Strategic Technology
Office. The~ elerent establishes experiarential efforts and studies that
investigate the iniplications and potential of these technologies for future
weapon systems designs and capabilities. These new initiatives ma~ke up the
technology base for other program elements within the Strategic Technology
Office and transition to them if successful.

C. PROGAM, ACOOPLISMS ~AI) PLANS:

FY 1987 Progira

LM - Banter modernization issues defined
- Bcmtaer force sustainabillty studied

% - IR cloud transmission investigated
- Lightsat application~s defined
- Clutter rejection and optical pre-processing techniques develop.ed
- Trail detect~ion algorithm~ verified

-Scanning sensor designed
-% IMI detector arrays designed
- Techniques to find inprecisely located targets studied
- FtC?4 techniques developed

- Zultistatic radar imaging techniques developed
-Saurex, a space ranufacturing technique, investigated

Mo~nolithic X-bin phase shifter designed
-Space object assisted reentry (SOAR) studied
-Hologrphic codings studied

* - Image recognition research and tests planned
-Approacmately $15.5 million of FY87# funds were spent on

non-acoustic ASJ efforts which ar'e discussed in the TI'-03 project description

PE 0602702E.

rti 1988 Planned Progral,~

Study efforts in support of USMR&E such as:

.4X



SAMT.D FY 1988/1989 BI"17LAL BUDWT'

I.r&E DESCRIPTIVE SUMM4ARY

Program, Element: #0602301E Title: Strategic T-chnology
* Project Number: ST-O1 Budget Activity: 1. Technology Base

.4 Project Title: Advanced Strategic Concepts

- Complete study of braier force modernization issues
- Analyze space defexse issues

-Space transportati )n study
- Aerospace plane te:hnologies

"- Arms control issues
- Issues related to introduction of non-nuclear strategic weapons
- Mird-GPS Receiver Program - Develop low-cost hand--held GPS

receiver that will allow precise geo-positioning.
- Non-nuclear Strategic Weapon Lethality - Experiments to deterrune

lethality at zero-CEP type wearns.
- Advanced structure hardening technology vs. advanced conventional

peiey- hypersonic Aerodynamics - Experiments to define ability to
,prcisely reearer ballistic vehicles and maintain CEP at hypersonic velocities.

- Laser Radar - Devi.lop a ell stabilized laser oscillator capable
of attaining high resolution la.ser radar images over distances of Jrterest to
air defense and relocatable target identification.

- Target Identification - Experiments to demiunstrate the ability of
a spatial light modulation to perform target identification in the fourier
plan. - Space Based Radar - Define space experiment in tether radar and in
using a distributed array.

- Saurax - Dearonstrate space manufacturing techniques.
- Klati-static Radar - Experiments to determine effectiveness and

clutter characteristics of muitistatic radars.
SOA - Perform wind tunnel experimrents to demonstrate sup:ersonic

parafcil performance.
- Superconducting Detectors - Experiments to investigate feasibility

of using high terperature superconductors as detectors of electromagnetic
indication.

FY 1989 Planned Program

- Continue study efforts as directed by USDDR&E
- De.monstrate Mini-GPS receiver performance
- Demonstrato non-nuclear strategic weapon lethality

4 - Conduct experiments in hypersonic aerodynamics
- Demonstrate laser radar
- Perform target identification experiments
- Conduct planning for space_ based radar experiment using tethers
- Conduct Space Based Radar distributed aperture experiment
- Demxnstrate space manufacturing techniques
- Demonstrate high altitude parafoll performance

kv., - Demonstrate infrared superconducting detector

Program to C4Ml]etion: Continue to investigate concepts of iqnrortance tc
strategic technologies and to perform experiments that

Program o Cu~pleion: Cotinu•toinvesti ate coops fiprtnet



4, AMENDED FY 1988/1989 BIDENAL BUDGETWrT&E DESSCRIPTI SMMAR

Program Elemit: #0602301E Title: Strategic Technology
Project Nu~Ter: ST-01 Budget Activity: 1. Techboloqy Base
Project Title: AvanJed Strategic Concepts

demonstrate the feasibility of these concepts. Transition successful
investigations to the Strategic Technology Office's mission oriented elerents.

D. WORK PERPFO I) BY: Pcn il International, Cedar Rapids, Iowa; Institute
for Defense Analysis, Alexandria, VA; MIT Lincoln Laboratory, Lexington, q;
Jaycor, Sca Diego, CA; Vanguard Research, Fairfax, VA.

E. CCPARISCN WM~ FY 1988 DESCRPfl= SU+%~ARIF: No change.

F. PZRGRAM DOUM1 TIGN: Not Applicable.

G. M11RE... S:

"Plan Milesti.,ne

Mini-GPS Receiver
Mar 88 Develop GaAs RF/IF chips
Nov 88 Demonstration u.it

Non-14uclear Lethality
Nov 88 Lethality tests of strika intercept sub-munitionsSHypersonic Aerodynamics

Nov 88 Test reentry of strike intercepts sub-iuritions

Laser Radar
"• Nov 88 Derstrate narrow linewidth cavity
Nov 89 Conduct imaging experiment

Target Identification
Feb 89 Test of spatial light modulator at visionics lab

•c•-.lSpace Based Radar

Dec 88 Space radar tether tvxperi'ent plan
Jun 8J Distributed array experiment plan

Saurex
OVINDec 89 Space, manu~facturing demo~nstration

0 May 88 Parafoil supersonic windtunnel test
flar 89 High altitude parafoil test

.Sup8rc9nducting Deteccor

Jun 89 Dercnstrate high tenperature superconducting detector

U,



AZIDED FY 1968/1989 BIED•"AL BUD(=WMRI&E DESRIPr1VE SUMMARY

Program Element: #0602301E Title: Strateqic Technology

Project Number: ST-01 .uet Actvity: 1. Techlo1 y Base

Project Title: Advanced Strategic ConceptS

H. PFl.nATM) AcrVI\TIES: The Advanced Strategic Concepts Project develops the

techrnology for such other Strateglc Technology efforts as Strategic Relocatable

Q! Targets (PE0603217E), Air Defense Technology (PE0602301), and Hypersonic

Weapo~ns (PE0603226E).

,Ithe

I. OTHER APPROPRIATION FUCS: None.
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RDT&E DESCRIPTIVE SUMMARY

"Program Element: #0602301E Title: Strategic Technology

Project Number: ST-10 Budget Activity: 1. Technolcoy Pa-

Project Title: Strategic Computing

A. RESOURCES: (S in Thousands)
FY 1987 FY 1988 FY 1989 Total

Actual Estimate Estimate Program

% Strategic Computing 102,697 131,219 126,133 Continuing

SB. BRIEF DESCRIPTION OF MISSION REQ'JIREMENT AND SYSTEM. CAPABILITIES: The
Saobjective of the Strategic Computing Program is to develop and demonstrate a new

generation of computer technoltgy that can be exploited to create advanced
military systems and to rair-tain U.S. world leadership in computer technology.

C. PROGRAM ACCOMPLISHMENTS AND PLANS.

FY 1987 Program;

- Major milestones were accomplished in Military Applications (i.e.,
the Autonomous Land Vehicle (ALV) Program; the Navy Fleet Command Center Battle
Management Project; the Pilot's Associate Program; the Synthetic Aperture Radar
Project; the Airland Battle Management Project; and the Smart Weapons Program;

* Machine Intelligence (i.e., visual competence of the Strategic Computing Vision
New Generation System was denonstrated in a new vehicle testbed); Multiprocessor
System Architecture (i.e., a VLSI implementation for WARP programmable systolic
array system was designed and functionally simulated); Applied and Computational

IW., Mathematics Program (ACMP) (i.e., developed an algorithm reducing processing time
"10-fold for signal processing): and in the Infrastructure Program--RMOSIS (i.e.,
the secure Metal Oxide Semiconductor Implementation System (MOSIS), expanded its
classified fa,.ility vendor base for 1.2 micron circuits).

"FY 1988 Planned Program'

"- The relationship between Autonomous Land Vehicle (ALV) performance
* *. and various software modules from the research community will be investigated.

Demonstrations will be conducted for the Naval Fleet Command Center Battle
Management Project (TCCBMP); Pilot's Associate Program; Airland Battle Management
(ALBM) Program; Synthetic Aperture Radar (SAR) Project; and Smart Weapons
Program.

-Multiprocessor system architectures will facilitate the transition of
new-generation machine intelligence technologies in the applications. Transition
"of the New Generation Systems (NGS) to multiprocessor system architectures has

* begun.
- A parallel system architecture will be developed to work with the

modular signal processing architecture. Prototype development of ar: advanced
•e4 Connection Machine has begun using advanced technologies.

- The Applied and Computational Mathematics Program (ACMP) is beginning
new initiatives in dynamical systems, turbulent flow in fluid dynamics,

*, computational algorithms, and control theory--including a Mach 25 digital wind
tunnel.

- The Metal Oxide Semiconductor Implementation System (MOSIS) continues
to provide fabrication services for both silicon (Si) and Gallium Arsenide (CaAs)
circuits, and special options to support analog desimn.

0 V
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RDT&E DESCRIPTIVE SUMMIRY

Program Element: #0602301E Title: Strategic TAcýhno]o.QY

Project Number: ST1 Budget Activity: I- Technology Base
Project Title: Strategic Computing

FY 19S9 Planned Prcgram7

"- Autonomous Land Vehicle's (ALV) integrated Eystem will plan and
execute a 5 kilometer long path over road networks and rough country terrain.
The full prototype of the Capabilities Assessment Expert Systems (CASES) will be
completed and integrated into the Commander-in-Chief, Pacific Fleet (CINCPACFLT)
testbed. The Pilot's Associate Program will complete a near real-time
demonstration and begin work towards a real-time demonstration. Airland Battle
Management will demonstrate planning at the Corps and Division levels and fire

.-. support planning at the Corps level. The Strategic Image Exploitation testbed
will be transferred to a selected operational facility for demonstration and
technology evaluation. The technology base for automated screening of broad area
Synthetic Aperture Radar (SAR) imagery will transition to advanced parallel
architectures. In the Smart Weapons Program, Phase II software products will be
integrated and tested in simulations and/or field experiments.

"- A New Generation Vision System will demonstrate the integration of
motion detection modules, terrain modeling modules, sensor fusion processes using
the blackboard.

- In the architectures area, the basic scalable multiprocessor modules
"'-A designs and prototypes will be aggressively de-eloped.

- The Applied and Computational Mathematics Program (ACMP) will
A continue development of image/data compression algorithms, software and hardware,
*- for the exact rapid compression and regeneration of real-world images.

- In the Micro-Electronics areas, the wideband opto-electronic 16 x 16
crossbar switch will be integrated into the MOSAIC parallel computer.

- Wafer-scale designs fabricated through the MOSIS prototyping service
will demonstrate the capability to integrate the equivalent of tens of millions
of transistors in a single 4" by 4" silicon substrate. Experimental system
technology modules will be developed to rapidly implement systems based on
"modular hardware and software.

Program to Comoletion-

- The Autonomous Land Vehicle (ALV) will progress to full autonomy.
The Airland Battle Management Program (ALBM) reaches full, planned, concept
demonstration in FY 1991. Strategic Computing Vision (SCVision) research
algorithms will be produced and disseminated to support work on many other
military application systems.

- The Applied and Computational Mathematics Program (ACMP) will provide
engineering tools to improve design capabilities for hypersonic and highly
manueverable aircraft; a Digital Wind Tunnel; improved interpretation of oceqnic
"surface signatures; and, a software system for vastly improved high speed exact
image/data compression and regeneration.

S, - Integration of the equivalent of tens of millions of transistors on
a single 4" x 4" silicon substrate will be possible.

- The developing technology base for optical interconnections will form
the foundation for optical crossbar switches and intracomputer networks.

D. WORK PERFORMED BY: The major performers are University of Southern
California/Information Sciences Institute, Marina del Rey, California; Bolt,
Beranek and Newman, Cambridge, Massachusetts; Carnegie-Mellon Univeisity,

'I,
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AMENDED FY le88/1989 BIENNIAL BUDGET
L!•: RDT&E DESCRIPTIVE SLIAMARY

Program Element: #0602301 Title: StrLagic. Technology
Project Number: ,T1 Budget Activity: 1. Technology Bace

Project Title: Strategic Computing

Pittsburgh, Pennsylvania; Martin Marietta, Denver, Colorado; &Td Texas
Instruments, Dallas, Texas.

E. COMPARISON WITH FY 198B DESCRIPTIVE SUMARY:

SIMPACT OF-CHANGMES

Schedule Budget Year

,hng Schedule ChanS.e Co.t

Cost Research efforts I year • -6,993

NARRATIVE DESCRIPTION OF CHANCES

COST CHA:QES: Budget reductions for'e 1 year or more delays in hardware and
, software effoits in FY 1989 and beyond. Delays will be experienced in the basic

schedule multiprocessor module designs with the planned mid-l9.D TERAOPS systems
set back approximately 1 year. Additionally, the optical link demonstration for

Sthe connection will be rescheduled for a later time.
In battle management the delays will be experienced in the scheduled April

"1990 JAN J•-II, natural language interface and Division level murneuver planning
and Corps-level fire support planning demonstrations.

Other delays will occur in advanced software development, optical
•V interconnections for optical crossbar switches/intracomputer retworks and

engineering tools to improve design capabilities.

F. PROGRAM DOCUMENTATION: Not applicable.

G. MILESTONE SCHEDULE:

Pl=n MilestonCe

Apr 1988 Demonstrate Capabilities Assessment Expert System (CASES) at the Naval
Fleet Command Center Battle Management Project (FCCBMP) testbed.
Demonstrate maneuver planning expert system at Corps level and a
software development tool for Airland Battle Management (ALBM).

Apr 1988 Demonstrate screening of Synthetic Aperture Imagery for tactical
S targets and strategic bomber base vision expert system.

Sep 1988 Demonstration of monolithic integration of Gallium Arsenide (GaAs)

SJa189laser diode and h silicon (Si) device.
SJan 1989 Demonstrate heterogeneous multiprocessor system and New Generation

System (NGS) Vision system.
Sep 1989 Demonstration of high density packaging with 40 megahertz silicon

* processor.
Jun 1989 Demonstrate a 2,000 word continuous speech recognition system.
Jan 1991 Demonstrate optical links in the Connection Machine.

4 Feb 1991 Demonstrate JANUS-II, natural language interface.
4.I

"H. REBeTED ACTIVITIESi Program Element #0602301E ST-ll. Intelligent Systems.

I. OTHER APPROPRIATION FUITS; None.

'1 ,7S.
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: # Title: Strategic Technology

Project Number: ST-I1 Budget Activity: 1. Technolor' Basa

Project Title: Intelligent Systems f

A. R (S in Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate Esimt Program

Intelligent Systems 26,648 29,613 30,600 Continuing

B. BRIEF DESCRIPTION OF MISSION REQUIRE%1ENT AND SYSTEM CAPABILITIES: The pro-
ject investigates fundamental science and technology that promises exciting new
intelligent information processing capabilities. This will enable computers to
assist, advise, and/or relieve military personnel in complex decision-making
tasks, including those related to systems development and maintenance and in
tasks which are tedious, dangerous, or rapidly changing. The objectives of this

program are to demonstrate new machine reasoning capabilities and intelligent
robotic systems for field and industrial use. A major emphasis is rapid
prototyping of next-generation software systems for Defense needs which are flex-
ible, robust, and cost effective. The specific approach continues to be funda-
mental development at the frontiers of artificial intelligence (AI) and advanced
robotic systems. As specific areas and technologies show strong promise for fur-
ther exploitation and large-scale development, they will be transferred to other
DARPA programs such as the Strategic Computing Program (ST-l0).

C. PROGRAM ACCOMPLISHMENTS AND PLANSi

FY 1987 Przram'.

- An image understanding system framework was developed that integrated
high and low level vision. This framework allowed total system experimentation
combining new low-level image feature analysis techniques with other feature spe-
cific sources of knowledge.

- Parallel algorithms were explored to improve the efficiency of image
understanding and to gain a better understanding of new multi-processor hardware
that became available in other DARPA programs.

- A system for generation of database management modules was demon-
* strated with the focus on very high performance processing.

-'I' - A new class of shared knowledge management systems was developed for
spatial and temporal data management and recursive query facilities.

- An empirical analysis of a distributed problem solving system was
* conducted to bctter understand high-level distributed control for fault-diagno-

sis, load balancing, and organization.

FY 19ES Planned Program:

- In image understanding, methods for estimating motion from "noisy"
data are being demonstrated in an experimental mobile robot.

- Improvements in speed, accuracy, and robustness of certain image un-
derstanding algorithms are being demonstrated.

- A new approach to building powerful and adaptive problem solving sys-
tems based on the case-based reasoning paradigm is being demonstrated in a mili-

Itary task domain

b
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0602101F Title: Strategic Technology
Project Number: ST-11 Budget Activity: 1. Technolopy Base

Project Title: Intelligent Systems

- Systems that effectively couple the flexibility of intelligent sys-
tems with the principled structure and efficiency of database systems are being
developed and applied to military problems.

- A generic distributed problem-solving architecture that includes the
control and data flow relationships among the met#-level control components is
being developed.

- A new experimental software and systems e-olution environment is be-
ing designed containing extensible subsystems for .bject management, knowledge
representation, reasoning, transformation, specifications, and user interfaces.

- In cooperation with Project MPT-O1 (Defense Sciences), design of an
advanced robotic manipulator will start, research -will continue toward the devel-
opment of micro electro-mechanical sensors and actuators, and re3earch will con-
tinue on dynamically balanced vehicles. Major three-year efforts will be started
to improve our ability to program and control robotic manipulators.

FY 1989 Planned Progranv:

- A major experimental testbed for integrating low, intermediate, and
high level visual operations on complex images of either natural scenes, as might
be needed for photo interpretation tasks, or indoor scenes, as miz'ht needed for
industrial robotics tasks, will be developed.

- Two important issues in integrated machine perception and cognition
will be explored using the visual operations testbed: 1) focus of attention -
processing only relevant sensory data; and 2) complex control strategies which
orchestrate the operations chosen for the images.

- Multiple problem-solving paradigms will be tested to explore their
performance and adaptability or difficult human tasks.

- The advanced robotic manipulator (ARM), based upon previous work in
the technology base (MPT-Ol), will be ready for system testing. Several kinds of
micro electro-mechanical sensors will be built and tested. Design will start on
a dynamically balanced vehicle with agility to handle any terrain along with a
soldier.

Program to Comoletion-

- The basic research program in artificial intelligence will continue
to explore perception and cognition problems whose solution could revolutionize
DoD systems in the future.

- Work will continue in cooperative problem solving, reasoning with un-
certainty, image understanding, knowledge-based system tool development, and
natural language because of their overwhelming importance in solving critical
military problems.

- Research in planning and user modeling will be exploited in commend
and control systems.

- The new architectures from Strategic Computing (ST-lu) for advanced
distributed systems will be used to increase functionality ano performance.

- The advanced robotic manipulator will be demonstrated.
- Micro electro-mechanical actuators will be demonstrated.
- The usefulness and intellieence of robotic systems will be increased

% /



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: # Title: Strategic Techrology
Project Number: ST-11 Budget Activity: 1. Technology Base
Project Title: Intelligent Systems

by developing improved means for their programming and control.
- An agile and highly mobile vehicle will be constructed.

D. WORK PERFORMED BY: The major performers are Stanford University, Stanford,
California; Carnegie-Mellon University, Pittsburgh, Pennsylvania; University of
Utah, Salt Lake City, Utah; Ohio State University, Columbus. Ohio; and FMC Corpo-
ration, Minneapolis, Minnesota.

E. COMPARISON WIrH FY 1988 DESCRIPTIVE SLUNARY:

IMPACT OF CHANCES

Schedule Budget Year
Chane Schedule C ng Cost

Cost Demonstrate the generation of vision cancel -1,100
algorithms within the SOAR paradigm.

Cost Demonstrate experimental parallel versions cancel -1,500
of knowledge-based systems.

NARRATIVE DESCRIPTION OF CHANCES

COST CHANGESo Budgeting reductions force project changes and cancellation of
some FY 1989 demonstrations. The advanced robotic manipulator (ARM) and dynami-
call' balanced vehicle efforts have been added.

F. PROGRAM DOCUMENTATION: Not Applicable.

0. MILESTONE SCHEDULE:

Eln Milestones

Sep 1988 Demonstrate a mobile robot capable of estimating the motion of targets
from noisy data.

Sep 198R Demonstrate a protct'pe adaptive automated problem solver using
case-based reasoning.

Sep 1988 Demonstrate formal reasoning support for a verifiable subset of Ada.
Sep 1989 Demonstrate the major new high performance image analysis sys'ems

exploit parallel hardware.
Sep 1989 Demonstrate enhanced capabilities of replanning explanations to produce

clarifying information.
Sep 1990 Demonstrate advanced robotic manipulator (ARM)
Jun 1993 Construct dynamically. balanced, agile, all-terrain vehicle.

H. BRE.AT D ACTIVITIES

Program Element #0602301E, Strategic Technology Is based upon machine
intelligence research performed under the Intelligent Systems Program.

I. OTHER APP OPRIATION FUNDSw None.

\
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* AMENDED FY 1988/1989 BIENNIAL BUDGET
SRDT&E DESCRIPTIVE SUM.MARY

Program Element: s060230E Title: Strategic Technology
Project Number: ST-12 Budget Activity: 1. TechaIooy Base
Project Title: Advanced Quantum Electro-Optics

"A. RESOURCES: ($ in thousands)

FY 1987 FY 1988 Fi 1989 Total
Title Actual Estimnte Estimate ProrrA'

Advanced Quantum Electro-Optics 9,740 23,606 17,147 ContinuVi

B. FRIEF DESCRIPTION OF MISSION REQUIREMENTS AND SYSTEM CAPABILITIFS:

The objective of the Advanced Quantum Electro-Optics project is to
develop those optical technologies that make possible a wide range of new
military capabilities. This project, started in late FY85, focuses on
"developing advanced materials and techniques for increasing the resolution of

*- optical systems and increasing the temporal resolution of optical and
microvave systems. This project includes work on non-linear optics for

S* atmospheric correction, active and passive systems for imaging and target
detection and picosecond laser technology for precision measurements of
material processes and ultrafast optoelectronics. Beginning in FY88 materials
approaches and device concepts will be pursued to protect sensors and eyes to
the threat of battlefield lasers.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program:

-New non-linear optics materials were developed for efficient
harmonic conversion to generate new laser wavelengths.

Better understanding was achieved of the capabilities and
limitations of the four-wave-mixing technique.

* FY 1988 Planned Program:

* - For the next several years, this project will focus on the
development of non-linear optics technology and GaAs technology.

Work will continue on developing crystalline materials for
efficient harmonic conversion of laser output.

S, - New materials for four-wave mixing phase conjugation techniques
to relax optical and mechanical tolerances in larger system design will bc.
developed. Improvements in laser operational reliability and compactness will
"he made. Laser brightness improvement will be extended to high output
energies.
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AMENDED FV 1988/1989 BIENNIAL BUDGET
RDT&E DESCR:PTIVE SUMMARY

Progiam Element: #0602301E Title: Stratepic Technology
Project Number: STI1 2  Budget Activity: L._TechrI ovy Bnse
Project Title: Advanced Quantum Electro-Ontics

Relax thermal stress in gallium arsenide (GaAs) crystal growth
through development and implementation of hydrodynamic models and precise
digital control electronics.

Apply chemical vapor deposition (CVD) technology to sealing of
packaged GaAs chips to remove need for first level hermetically sealed
packages.

- Selection of contractors has begun in the program to provide
protection for sensors and eyes. This program will provide the technology
base in advanced non-linear materials and devices for the Service sensor
programs and will attempt to provide realistic protection against future laser
threats.

FY 1989 Planned Program:

SA series of field experiments will be conducted to evaluate the
performance techniques for the first time.

SThe high resolution imaging program will be terminated pending
re-evaluation based on the results of the FY 1988 program.

A variety of non-linear materials and device development
approaches will be underway, for eventual application in protecting eyes and
sensors against modern battlefield laser weapons. Realistic testing of some
initial protection schemes will take place in battlefield simulations which
employ "laser-like" threats.

Program compound semiconductor crystal growth control systems to
implement complete boule growth without human intervention.

- Through-level, conformal CBD coatings of leaded GaAs chips
subjected to salt spray and autoclave tests.

Program to Campletion:
-This is a continuing effort. Methods will have been developed

using advanced non-linear materials and devices to protect eyes and sensors

against battlefield laser threats. These technologies will then be

I tranitioned to the Services for further development.

SDocument software for automatic crystal growth of low stress, 1w:

dislocation gallium arsenide.

-Apply conformal, hermetically sealing CVD coatings to memory
modules populated with 16K and 64K memory chips then evaluate advantages

4 obtained in density and sub-system performance.

0%
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

"Program Element: #O602301E Title: Strategic Technolopv
Project Number: ST-12 Budget Activity: 1. Tec, no]of'v Eat'.

*. Project Title: Advanced Quantum Electro-Optics

"D. WORK PERFORMED BY: The major performers are Lawrence Livermore National
Laboratory, Livermore, CA; MIT/Lincoln Laboratory, MA; Dow Corning. Midland,
MI; Boeing Aerospace, Seattle, WA; Rockwell Science Center, Thousand Oaks, CA.

S0,E. COMPARISON WITH FY' 1988 DESCRIPTIVE SUMMARY:

IMPACT OF CHANGES

Schedule Budget Year
"Chapr~e Schedule Cbanve Cost

Cost Proof-of-principle focal-plane Dropped -$2,150
imaging experiments

Cost Field demonstrations of Dropped -$1,000
V rhigh resolution imaging capability

Cost Classified Program deleted from project Dropped -$8,000

Cost - Laser-hardened reduced bandwidth Dropped -$2,000
thermal imaging sensor

Cost Advanced, laser hardened sensor Delayed -$1,000
design study

Cost Advanced, Mid-IR laser technology Delayed -$2,000

NARRATIVE DESCRIPTION OF CHANGES
Cost Changes: Because of budget constraints the high resolution imaging

program is being scaled back and will be re-evaluated in FY88.

I F. PROGRAM DOCUMENTATION: Not applicable.
eI I

G C. MILESTONE SCHEDULE:

Plan Milestone

Sep 1988 Complete re-evaluation of high resolution imaging program,

Mar 1989 Complete design, fabrication and test of initial single plate lascr.

Mar 1990 Complete fabrication and evaluation of anti-laser personnel
* ,protection goggle.

H. RELATED ACTIVITIES: None.

1. OTHER APPROPRIATION FUNDS: None.

% 
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AMENDEDl FY 1988/1989 BIENIAL BUDGET
WTY&E DESCRhIPTIVE SLW-9RIF

Program Elemrent: 0602301E Title: Strategic Technology
Project Numrber: ST-13 Budget Activity: 1. Technology Base
Project Title: Broad Area Search & Surveillance

A. RESOURCES: ($ in thousands)

Project FY 1987 FY 1988 Fly i939 Total
Nmbre~r Title Actual Estimate Estirrzite rg

ST-13 Broad Area Search $6,500 $5,402 $10,681 Continuing
& Surveillance

B. BRIE' DESCRI.PTION OF MISSION RE UIRE241MM AM~ SYSMIl CAPABILITIES-
This -elerrnt subsu~mes and rescpes the Strategic Air and Cruise Missile (SACM4)
Program Element. its puirpose is to develop and demo~nstrate technology for
detection of targets in a fhigh signal to clutter environtrent when very large
tracks of airspace or ground are involved. This includes two major missions in
particular: surveillance of strategic airspace for advanced airbr-eathing
threats such as cruise missiles, and search of enemy territory for targets with
strategic or intelligence value. There are three major program activities in
this project: 14ulti-Sensor Fusion for Air Vehicle Detection, Hybrid Bi-Static
Radar, and Prooensor.

The Fusion program is developing technology to carbie data frrzm
qualitatively different sensors to achieve a reduction in the numb~er of falso-
tracks a system will pass when attempting to find small targets such as cruise
missiles in large volumes of airspace.

The Hybrid Bi-Static Radar program is attemp~ting to develop technology to
exploit the enhanced radar signature and decreased systems vulnerability which
are expected when the radar platform and recelver are not colocated.. It
envisions a space-based trivisitter working Aiith high altitude IQ¶/s, aircraft,
ground or space based receivers.

Procensor is a sensor-processor systemn which will enable the search for
generic targets through examiunation~ of imrage information.

C. PRXC~zM AC~rHPLISHMETS A!4D PLANS:

FY 1987 Progam:

- Fusion: Data ccllection exercise collected simultaneous pulsed
doppler, infrared, synthetic apeiture radar and ESM and data fran airborne
platforms against 4 different airborne targets over three distinct
environmrents.

- Hybrid Bi-Static Radar: Signatures of sever-al different 'targets
were taken at bistatic angles. Results support the usefitlness of bi-static
phenom~enology.-

es~~Y



AIM.ED FY 1988/1989 BIEN=1AL BUDGET
FR&E DESCRIPTIVE SLtZ+VIES

Program Elemernt: 0602301E Title: Strategic Technology
Project Ntmber: ST-13 Budget Activity: 1. Technology Base
Project Title: Broad Area Search & Surveillance

- Procensor: A processing paradigm was developed which will allow
search for generic targets.

FY 1988 Planned Prgran:

W - Fusion: The data collected last fiscal year will be analyzed and
fusion approaches dezostrdted against it.

- Hybrid Bi-Static Radar: Continued measurement of bi-static
signature and clutter data. Initial system definition.

- Procensor: Development of algorithm to be inplemented within new
paradigm. Specification of device 'technology.

/ FY 1989 Planned Proram:

- Fusion: Continued development, refinement and extension of fuzion
algorithms. Supplemrentary data collection. System and sensor architecture

V planning.

- Hybrid Bi-Static Radar: pre-prototyping system demonstration and
prototype planning.

% - Procensor: Algorithmrs dinselection and refiemment. Devirce
technology development. Concept of operation studies.

1ý

4 Program to Cawpletion:

- Fusion: Design, construction and demonstration of a prototype
fusion systems. (cxzpletion 1992)

- Hybrid Bi-Static Radar: Prototype construction decision (1989)

- Procensor: Laboratory Brassboards (ccupletion 1991). Field
Deimonstration (completion 1993).

D. WORW PEMMF44M BY: Evironmental Research Institute of Michigan, Ann
Arbor, WI; Westinghouse, Baltimore, MD; Decision Sciences Applications,
Ariingt-n, VA; Lockheed Missiles and Space Caopany, Sunnyvale, CA; Institute

* for Defense Analys•es, Arlington, VA.

r
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AMUID~ FY 1988/1989 BIMOIAL BUD=1

Program~ Elenent: 0602301E Title: Strateq~ic Technology
Project Number: ST-13 Budget Activity: 1. Technology Base
Project Title: Broai Area Search & Surveillance

E. COWARIScN V41TH FY 1988 DESCRIPTrIVE StWARY:

INPACT OF OACMXS

CagSchedule Schedule Changes Budget Year Cost

Cost N/A N/A $-1.994

NA.RRATIVE DESCRIPT~ION OF CHANES

'p ~This decrease is due to an internal budget reduction. Less axrupe1ling
technologies and some peripheral studies have been droped. The~ effect of the
decrease is to have a less ocrrehensive approach to strategic airspace
surveillance.

F. PROGR~AM XDOCTATIOtN: Not Applicable.

G. MILESI:ONE SGEDULE:

4-Plan milestones

rusion:
Dec 88 Select baseline algorithmiic approaches
June 89 Establish applicability of approach to generalized

environments.
Sept 89 Data Collection
Jan 90 System, Prelimninary Design
S'ot 91 System. Delivery

Hybrid Hi-Static Radar:
Aug 88 Cczrplete preliminary target RCS neasururent
Sept 88 Carplete clutter measurerrnts
Apr 89 Cca~lete syste~/technology roadmp
May 89 Complete real target measurement
June 89 System~ prototyping decision

Procensor:
Dec 88 Concept of operations study oamplete
Mar 89 Baseline algorith-ms selected
Sept 89 Baseline device technology selected
Sept 90 Test plan and deirtwstration design review

4-.Mar 91 LDzronstratic~n system ready

H. REIATEfl ACMlITIES: No formal agreements are in existence. The technical
relationships are as follows:

-with the Air Defense Initiative (ADI): bro~d areA surveillance aspects of
this program provide the high risk, long lead follow on to ADI.
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VMDFY 1988/1989 BIENIAL BU=~I
JXT&E DESCIPT1IVE SUMMARI M'

Program E1l3rent: 0602301E Title: Strategic Technology
Project Nunbicx: sTr-13 Budget Activ-ity: -1. -Technology Base

Project Title: Broad Area Search & Surveillance

-with Convent-ional Defense Initiative (CDI): broad area search is an enabling

capability for ma~ny conventional defense problems. This element potentially

provides a high risk, high payoff solution to this probl~mn.

I. aflIM APPR~OPRIATED Ft'NDS: None.
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AMENDED FY 1988/1989 BIENnIAL BUDGET
PdJT&E DESCRIPTIVE SUMMAJRY

Program Element: 00602702E Title: Tactical Technology
Budget Activity: 1. Technology Base

A. RESOURCES: ($ in Thousands)

Project TY 1987 FY 1988 FY 1989 Total
Number Title Actual Estimate Fstimat3 Program

TT-03 Naval Warfare 16,477 31,192 24,900 Continuing

TT-04 Armored Warfare
Technology 40,427 31,203 32,529 Continuing

TT-05 Target Acquisition and
Weapons Technology 28,381 41,950 48,692 Continuing

TT-06 Tactical Directed
Energy Technology 6,320 10,750 10,000 Continuing

TOTAL FOR PROGRAM ELEMENT 96,307 116,245 116,871 Continuing

Totals include classified projects not identified herein.

i B. BRIEF DESCRIPTION OF ELEMENT: This program element is dedicated to

the advancement of research and development of concepts and technologies
directed toward the development of the next generation tactical systems. The
goal is to advance non-nuclear, tactical, combat capabilities to counter the
expanding tactical threat. The major development objectives are: (1) to
improve target acquisition and weapons technology; (2) to advance
armor/anti-armor technology; and (3) to enhance ocean surveillance and
anti-submarine warfare targeting and control technolgies.

C. PROGRAM ACCOMPLISVMENTS AND PLANS: Accomplishments and plans for
this Program Element are discussed in tha individual project descriptions.

D. WORK PERFORMED BY: This is discussed in the individual project
descriptions.

E. RELATED ACTIVITIES: This is discussed in the individual project
descriptions.

F. OTHER APPROPRIATION FUNDS: None.

i

Sf



AMENDED FY 1988/1989 BIENIAL BUDGET
rDT&E DESCRIPI SU4.ARY

Program Element: #0602702E Title: Tactical Technology
Project Number: TFI-03 Budget Activity: 1. Tec~xiology Base
Project Title: Naval Warfare

A. ;eources: ($ in Thousands)

FY 1987 FY 1988 FY 1989 Total

Title Actual Estimrate Estimate Progr

Naval Warfare 16,477 25,855 24,900 Continuing

B. BRIEP DE•S•IPTIC)N OF MISSICNV REQUIR06I AND SYSTEM CAPABILITIES:

The objective of, the Naval Warfare project is to investigate new
technologies and sytemn concepts that would significantly enhance the
mai.tenance of effe' tive surveillance, targeting, and control of surface and
subsurface ocean ar tas. The project erphasizes the performance of key
experiments validating critical technology elements of system concepts prior to
Navy transition. Major initiatives carrently being pianned include (1)
Integrated Acoustic ASW Technology, an uzbrella program incorporating a variety
of tasks in acoustic sensors and systems, including Advanced Conformal
Submarine Acoustic Sonar (ACSAS), to develop a new high gain submarine sonar
designed into a ship's hull using advanced stnructural acor-tic techniques;
(2) Integrated Nonacoustic Antisubmarine Warfare (fnAASW); (3) Cxygen
Extraction, an effort to develop technology to extract dissolved oxygen fran
sea water and air for underwater power and propulsion, suhnarine life support,
chemical warfare lifesupport isolation and medical oxygen; and (4) New
initiatives, such as the MLne Counterreasures (MO4) program designed to develop
technologies to detect and classify mines, and use of high-altitude balloons to
support over-the-horizon cxzrunications.

C. PROGPRA ACCLIS1TTrS AND PLANS:

FY 1987 Program:

Integrated Acoustic Anti-Submarine Warfare (ASW) Technology:
- Cpleted plan for Low Frequency Acousti2c Sensor Program Seismic

AFIADNE; Started work on ocean bottaro seismrmeters and borehole instrunents
package.

Integrated Non-Acoustic ASJ Technology:

- Conducted joint UK/US radar ocean imaging experiment.
- Started theoretical studies in surface wave phencrena and work onadvanced radar systems.
- Began experimental program (JADE).
- Examined conceptual system design for use of RPVs.

AAS-
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SAMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SU-•21ARY

Program Elemnt: #0602702E Title: Tactical Technology
Project Number: 7IT-03 Budget Activity: 1. Technology Base
Project Title: Naval Warfare

""Op.yyen Extraction:

: Brought efficiency to point that enables underwater vehicle to
operate using oriy oxygen extracted from sea water and stored fuel.

- Designed simple demonstration vehicle.

I$ New Initiatives:

Demonstrated ability to locate underwater mines.

Started program to test feasibility of shallow mine detection.
- Started program (ZEPHYR) to demonstrate high altitude,

"a%,:• balloon-borne comwu/nications transponder.

FY 1988 Planned Program:a" .

* Integrated Acoustic ASW Technology:

- Conducting experiments to explore newly emerging technologies.
- Investigating signal processing concepts.

"- - Performing final check on quarter-scale model of ACSAS and
performing deep release bouyant pop-up test on model. ,

- Preparing seismic sensors and data recording equipment, and
optimizing test plans for Seismic ARIMAE experiments.

Integrated Non-Acoustic ASW Technology:
- Conducting ocean exper2_nt•s.
- Exploring innovative nonacoustic technologies.

Oxygen Extraction (Artificial Gill):
- Conducting laboratory demonstration of ccnplete technology for

underwater vehicle pcwr train.
S Starting extended life testin of artificial gill; Planning'-•'•isecond-gene~ration, applicaticn-oriented demonstrations.

New Initiatives:

- Demonstrating intra-battle-group over-the-horizon comnincations
fleet exercise of high altitude transponder (ZEPHYR).

- Fabricating and preparing to test the world's first mine-hunting

I.
I., laser radar.

I .FY 1989 Planned Program:

. Integrated Acoustic ASW:

- Demonstrate acoustic surveillance work station, and test with
,, Navy acoustic arrays.
P.

IN

%.

%. .;,



AMENDED FY 1988/1989 BIE•1IAL BUDCET
RDT&E DESUPTIVE StM'ARY

Program Elenent: #0602702E Title: Tactical Technology
Project Number: Tr-03 Budget Activity: . Teckology Base
Project Title: Naval Warfare

- Carry out final round of tests, and transition to full Navy
sponsorship.

- Begin sea tests of broadband seisnic sensors.

Integrated Non-acoustic ASW:

- Conduct major experinents and analyze earlier results.
- Conduct detection tests (JADE).

Oxygen Extraction (Artificial Gill):

- Program wili terminate due to cost reductions.

Program to Cci~letion:

This is a continuing program.
Artificial Gill program joint DARPA and Arna/Navy demonstrations will

be completed in FY 1990.
JADE program will transition to the Navy in FY 1991.
Seisnic ARIADNE will transition to the Navy in FY 1990.

FY1990. High altitude balloon borne transpondeý. will transition to the Navy in

D. WORK PERFORýM BY:

Approxitely 80% of the work of the Naval Warfare project is carried
out by industry and 20% by DoD in-house agencies. Industrial contractors
involved in research programs under this project are: Bolt, Beranek and
"Newran, Inc., Arlington, Virginia and Cambridge, Massachusetts; Orincon
Corporation, LaJolla, California; Pacific-Sierra Corporation, Wus Angeles,
California; Raytheon C=pauiy, Portsmrcuth, Rhode Island; Applied Physics
Laboratory, and Johns Hopkins University, Columbia, Maryland.

E. CU-1PARISON WTiH FY 1988 DESCRIPTIVE SLtW$ARY:

Inpact of Changes
Budget Year

Change Schedule Schedule Change Cost

* cost At-sea de~ro of use of artificial cancelled - $3,000
gill in underwater vehicle

cost New initiatives in acoustic cancelled - $3,000
detection

'2



AMqEMM FY 1988/1989 BIEIAL BUDGET
RDT&E DESCRIPTIIVE SMMIhY

Program Eleient: #0602702E Title: Tactical Technology
Project Nunmber: Tr-03 Budget Activity: 1. Teckwlogy Base
Project Title: Naval Warfare

NARRATIVE DESCRIPTION OF CHANGS

At-sea demo of use of artificial gill in underwater vehicle and new initiatives
d;tection was cancelled.

F. PROGRAM DJ rATICE: Not Applicable.

G. MILFTICNE SCMMDULE:

Plan Milestones

IntegratL4 Acoustic Anti-Subrine Warfare:

Apr 89 Surveillance work station demonstration

Advanced Conformal Submarine Acoustic Sonar (ACSAS):

May 88 Far-Field ensonification tests
Nov 88 Hydrodynamic Noise tests
Sep 89 Transition to Navy
Seismic ARIArtE:

Aug 89 Begin sea tests
May 90 Ccmplete sea tests
Sep 90 Transition to Navy

H. RELATED ACI'VITIS: Specific Naval Warfare project coordinrzion rechardsms
are as follows: Seismic ARIADNE and JADE are joint ventures by DARPA and Navy
OP-21; ACSAS procgram is a joint venture by DARPA, Office. of Naval Research, and
Office of Chief of Naval Operations and is governed by cxisting Memorandum of
Agreemevnt (MOA). Overall coordination of effort maintained with Under
Secretary of Defense for Acquisition (USD-A) and Director of Defense Research
and Engineering (DCR&E).

I. OTHER APPROPRIATION FUNS: None.
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AMENDED FY 1988/1989 BIENNIAL BUDGETI
RDT&E DESCRIPTIVE SUMMARY

Program Element: *0602702E Title: Tactical Technology
Project Number: TT-04 Budget Activity: I. Techno~logy Base
Project Title: Armored Warfare T echnolocy

A. RESOURCES: ($ in Thousands)

FY 1987 FY 1988 FY 1989 Tota1
Title Actual Estimate Estimate Pro ram~

Armored Warfare Technology 40,427 33,555 28,694 Continuirng

B. BRIFEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIES:

In late 1985 the Defense Science Board reported that Soviet Armor
and Anti-Armor had improved dramatically. Their conclusion was that we are
behind and falling further behind in this area.

Requirements driven by this situation are Free World improvements in
both light and heavy armor to provide significantly improved protection at
reduced weight. In addition, kinetic and chemical energy warheads that will
defeat current and planned Soviet armors must be developed rapidly. In
response to these requirements, the Secretary of Defense tasked the Defense
Advanced Research Projects Agency to lead a joint advanced research program to
enhance the state-of-the-art in blue protection and penetration technology,
and lay the basis for a competitive modernization rate.

C. PROCGRAM ACCOMPLISHMENTS •D PLANS:

FY 1987 Program:

- Low cost, high ballistic performance ceramic armor material
demonstrated.

- Initial test faciliti~ation for Los Alamos National
Laboratory shoot-off evaluation completed.

- Electromagnetic l~unch of projectiles and completion of
additional hypervelocity launch facility.

FY 1988 Planned Program:

- Begin ballistic analysis of program products at the Advanced
Technology Assessment Center at Los Alamos.

- Identify technology candidates for near term applications and
put them on a "fast track" for Service transition.

- Enhance technology base in areas such as design code
development and improved materials characterization and
processing techniques to support the modernization process.



AMENDED BY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVr SUMMARY

Program Zlement: #0602702E Title: Tactical Technology
Project Number: TT-04 Budget Activity: 1. Technglogy Base
Project Title: Armored Warfare Technology

FY 1989 Planned Program:

- Continue promising tech base efforts to support competitive
ri.::ernization rate.

Program to Completion:

- Defense Advanced Research Projects Agency-Army-US Marine
Corps Memorandum of Understanding is for five years, ending
in FY90.

- Certain program technologies will be 'harvested* as soon as
FY88-89. However, due to the open-ended nature of the
threat, this is a continuing program.

D. WOFIZ PERFORMED BY: The major performers are Los Alamos National
Laboratory, Los Alamos, New Mexico; Battelle Memorial Institute, Washington,
DC; Lawrence Livermore National Laboratory, Livermore, California; FMC, San
Jose, California; and University of Texas, Austin, Texas.

E. COMPARISON WITH FY 1988 DESCRIPTIVE SUMMARY:

IMPACT OF CHANGES

Schedule Budget Year
CHANGE Schedule Change Cost

Cost Planned system deleted - $14,000
demonstration pro-
gram for Electro-
magnetic Gun

NARRATIVE DESCRIPTION OF CHANGES

Electromagnetic Gun Demonstration Program reduced, eliminating funding
for planned system demonstration program.

F. PROGRAM DOCUMENTATION: Not applicable.

tMaw
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AMENDED BY 1988/1989 BIENNIAL BUDGET

RDTLE DESCRIPTIVE SUMMARY

Program Element: 00602702E Title: Tactical Technoplogy
Project Number: TT-04 Budget Activity: 1. Technology Base

- Project Title: Armored Warfare Technology

G. MILESTONE SCHEDULE:

Plan Plilestoneg

Armor/Anti-Arror

Contin- Identify mechanisms and phenomenology of advanced armor and
uing penetration; high strain rate materials characterizion,

develop advanced passive and active armor techniques.
*May 1989 Test advanced kinetic energy projectile

* Electronagnetic Gun

Dec 1987 Single shot 9 megaijoule electromagnetic (EM) gun tests began
*Dec 1989 Tzansition to Army

H. RELATED PROGRAMS:

Program Element 0603226E/Project EE-2l-- Armor/Anti-Armor Advanced
Develo~pment

1. OTHER APPROPRIATION FUNDSt None.



AMENDED FY 1988/1989 BIENNIAL BUDGET

RDT&E DESCRIPTIVE SUMMARY

Program Element: #0602702E Title: Tactical Technology
Project Nunber: TT-05 Budget Activity: 1. Technology Base
Project Title: Target Acquisition 1

and Weapons Technology

A. RESOURCES ($ in Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate Estimate Program

Tactical Technology 32,524 41,950 48,692 Continuing

B. BRIEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIES:

This technolc4y base concentrates on developing sensors and signal
processors which exploit the United States leadership in military sensors,
computer technology, and airframe design to provide a new capability by
amplifying the effectiveness of conventional weapons through markedly
increasing their ability to accurately acquire, penetrate and destroy enemy
targets. The resultant system capability improvement will tend to lessen our
dependence on strategic weapons by sensing the location of more and deeper
targets, selecting targets of higher value, and more accurately directing and
guiding weapons to those targets in a survivable manner.

C. PROGRAM ACCOMPLISHMENTS AND PLANIS:

This project is composed of several coordinated and related technology
efforts comprised of sensor developments in different electro-magnetic
spectrums, signal processing of data from these sensors and demonstrations of
the utility of the technology to facilitate transition for exploitation by the
Services.

FY 1987 Program:
- Ground based tests of an Remotely Piloted Vehicle

Surveillance Radar
- Signatures collected on surface to surface missiles for an

Autonomous Infrared Sensor
- Images collected from a high sensitivity arra*' of

Uncooled Infrared Sensors
- Swimmer Delivery Vehicle Trainer transitioned to the Navy

by the Small Unit Technology Program
- Air Land Battlefield Management interfaces d&sign and

construction
- Infrared Binary Optics used in conducting laboratory

demonstration of low-cost infrared imager
- Smart Weapons Program transitioned to Phase II by

downselecting to two contractor teams
FY 1988 Planned Program:

- Program components demonstrated in the European theater
(Tactical Use of National Means Technology Program)

k N/

tit Illl Il l I I I I i



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0602702E Title: Tactical Technology
Project Number: TT-05 Budget Activity: 1. Technology Base
Project Title: Target Acquisition

and Weapons Technology

- Captive flight testing of the Surveillance Radar for the
Remotely Piloted Vehicle

- Image metrics and algorithm evaluation techniques
established for the Autonomous Infrared Sensor

- High density Uncooled Infrared Sensor Arrays imaging
demonetration

- Airborne Millimeter Wave Autonomous Sensor testbed radar
completed; data colle;ip'n begun

- Transfer of Small Unit Technology Planning Aid to Special
Operations Forces

- Flight tests of Advanced Technology Tactical Transport
- Air Land Battlefield Management demonstration of

TEMPLAR/Air Land Battlefield Management in the Continental
United States

- infrared Binary Optics Program developments in Long Wave
Infrared Imager and other applications

FY 1989 Planned Program:
S- Evaluation of algorithms by the Tactical Use of National Means

Program
- Signature collection completed for the Autonomous Infrared

Sensor Program: techniques for evaluation and metrics
transitioned to the Services

- Evaluation of automatic target recognition techniques and
advanced algorithn research by the Millimeter Wave Autonomous
Sensor Program

- Interface demonstrated in the European Comnand by Air Land
Battlefield Management

- Delivery of low-cost infrared optics and other applications
(Infrared Binary Optics Programr

- Transition Uncooled Sensor Arrays to Service Seeker
Development

Program to Completion:
- Transition Binary Optics Program to specific Service

applications
- Publish results of Autonomous Infrared Program
- initiate development for imaging two-color IR seeker for

submunitions
This is a continuing program.

D. WO',4 PERFORMED PY: Honeywell, Boston, MA; Martin Marietta, Orlando, FL;
Lincoln Laboratories; Texas Instruments, Dallas, TX.
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AMENDED FY 1988/1989 BIENNIAL BUDGET.
RDT&E DESCRIPTIVE SUMM.ARY

Program Element: #0602702E Title: Tactical Technology
Project Number: TT-05 Pudget Activity: 1. Technology Base
Pro'ect Title: Target Acquisition

and Weapons Technology

E. COMPAF'SON WITH FY 1988 DESCRIPTIVE SUMMARY:
IMPACT OF CHANGES

Scheiule Budget Year
CHANGE Schedule Change Cost

Cost Tests Mar 1989 + $ 4,400

NARRATIVE DESCRIPTION OF CHANGE

Not available.

F. Program Documentation: Not applicable.

G. MILESTONE SCHEDULE:

Plan Milestones

Tactical Use of National Technical Means Program
Aug 1988 Demonstrate components in Europe
Jun 1989 Evaluate tracking alqorithms
Sep 1989 Demonstrate integrated system test bed
Surveillance Radar Program
Dec 1987 Free flight test of the RPV radar
Autonomous Infrared Sensor Program
Sep 1988 Establish image metrics and algorithm evaluation
Sep 1989 Signature collection completed
Sep 1989 Metrics, evaluation techniques transitioned to the Services
Uncooled Infrared Sensor Arrays Program
Jun 1989 Demonstrate hiQh density ima`ing and transition to the Services (U)
Millimeter Wave Autonomous Sensor Program
Dec 1987 Airborne Millimeter wave testbed radar developed
Feb 1990 Complete data collection, algorithm research
Sep 1990 Automatic target recognition techniques developed and evaluated
Jun 1991 Seeker designs evaluated, delivered to Services
Small Unit Technology Program
Jan 1988 First flight of Advanced Technology Tactical Transport
Sep 1988 Transfer Small Unit Planning Aid to Special Operations Forces
Tactical Expert Mission Planner (TEMPLAR)/Air Land Battlefield Management

(ALBM)
Sep 1968 TEMPLAR/ALBM interface demonstrated in the Continental United

States
Sep 1989 Interface demonstrated in the European Command
Infrared Binary Optics Proqram
Sep 1988 Demonstrate Low Cost IR Telescope

H. RELATED PROGRAMS: None.

I. OTHER APPROPRIATION FUNDS: None.



AMENDED FY 1988-1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMLARY

Program Element: #0602702E Title: Tactical Techiologv
Project Number: TT-06 Budget Activity: 1. Tecibnoloey Base
Project Title: Tactical Directed Energy Technology

A. RESOUPRCES: ($ in thousands)

Project FY 1987 FY 1988 FY 1989 Total
Number Title Aztual Estimate Estimate Prorram

TT-06 Tactical Directed 6,320 10,750 10,000 Continuing
Energy Technology

B. BRIEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIES:

The objective of the Tactical Directed Energy Technology Project is to
develop moderate-power, efficient, high-brightness lasers and high-power
microwave source and antenna technology for a broad spectrum of tactical,
military applications. This project includes efforts focused on the
development of (1) new compact, efficient, frequency-agile solid state lasers
and (2) tunable high-power microwave source/antenna development. Some efforts
of the Strategic Defense Initiative Organization (SDIO) are complementary;
however much of their work is not appropriate to tactical applications since
(1) the laser brightness required for tactical applications is about six to
eight orders of magnitude less than that required for ballistic missile
defense applications and (2) scaling down the SDIO laser technology is an
inappropriate and expensive alternative to the approaches described herein to
achieve the compactness and frequency agility required for conventional
tactical applications.

The 1987 Defense Science Board Task Force on Tactical Directed Energy
Weapons (DEW), reaffirmed the importance of the Tactical Directed Energy
project started by DARPA in FY 1985. The DARPA project focuses on the
conventional needs of the tactical battlefield. The technologies being
developed will enable the Services to develop tactical directed energy weapon
systems (TDEWS) that are effective. These systems will be compatible with
friendly forces (no fratricide) and will be low cost so that many TDEWS could
be procured. The DARPA investment in TDEW technology is a springboard for
potential joint DARPA/Service TDEWS prototype development.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

F'Y 1987 Program:

New research was started to investigate compact arrangetr(,•iý and
novel design of laser activated silicon switch transmission lines to generau-
microwave energy through digital synthesis.



AMENDED FY 1988-1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #O602702E Title: Tactical Technology
Project Number: TT-06 Budget Activity: 1. Teanolory Ba'-(
Project Title: Tactical Directed Energy Technology

FY 1988 Planned Program:

- In FY 1988, the medium power solid state laser technolohv base
prograir will continue. This program will demonstrate high efficiency, high
puls, repetition rate laser operation using both Nd:Glass and crystalline
laser media as well as wavelength conversion and good beam quality.

- A number of brassboards will be produced to enable the Services
to explore the operational utility of these devices, especially in low
intensity conflicts.

FY 1989 Planned Prorram:

In FY 1989, the medium power solid state laser technology base
program will be completed.

- The development of advanced engineering models will continue.

- The design of a transportable high power microwave source and
antenna brassboard for advanced surveillance and/or anti-smart weapon (e.g.,
terminally guided submunition) applications will be started.

Competitive designs of advanced engineering model incorporating
better system. concept ideas, breakthroughs in solid state laser technology and
advances in phase conjugation technology, all packaged to fit a high value
weapon platform, to enhance the platform's fire power will be started.

Prorram to Comnletlon: This is a continuing effort. The advanced
engineering models will be completed and evaluated, and decisions made for
future demonstration and prototype efforts as well as for engineering
development by the Services.

D. WORK FERFORMED BY: At present, top performers are Lawrence Livermore
National Laboratory, Livermore, California; Los Alamos National Laboratory,
Los Alamos, New Mexico; Hughes Aircraft Co., El Segundo, California; Sanders
Associates, Nashua, New Hampshire; and Physics International, Oahland,
California.

E. COMPARISON WITH FY 19FR DESCRIPTIVE SUMMARY:

IMPACT OF CHANGES
Budget 'Ycar

Che Schedule Schedule Change

Cost Same performance goals as Milestones delayed $4,500
originally planned. about one year.
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AMENDED FY 1988-1989 BIENNIAL. BUDGET
RDT&E DESCRIPTIVE SUE,%RY

Program Element: #0602702E Title: 'Tactical Technolog'
Project Num~ber: TT-06 Budget Activity: 1. _Tectrnolo;,v Base
Project Title: Tactical Directed Ener-0 Jechnology

NARRATIVE rDESCRIPTION OF CHANGES

Budget reductions and other undistributed ruts reduced the funds
progranrmed for tactical directed energy technolc..y project by $4.5 rriilicon in
FY 1989.

F. PROGRAM, DOCUMENTATION: Not applicable.

G. MILESTONE SCIIED1JL :

Plan Milestones

Sep 1992 Development of advanced engineezx:n-; models.

H. REAE CIV-ILS Plans for the new Tact~caJ. Directed Energy
Technology project are coordinated through freqg~ent technical interchange
meetings with representatives from the three Services' tactical directed
energy programs. Technology developments under the Strategic Defense
Initiative Organization are periodically revieutel to !'dentify possible
opportunities for exploitation. DARPA is also am active participant of the
US-UK Informati~on Exchange program on laser weapoii technology and effects.

I. OTHER APPROPRIATION FUNDS: None.



AMENDED FY 1988-1989 BIENNIAL BUDGET

RDT&E DESCRIPTIVE SUMMARY

Program Element: 0602707E Title: Zarticle Beam Tecinolo•y

Budget Activity: 1 Techfloog Base

A.. RESOURCES: ($ in thousands)

Project 
FY 1987 FY 1988 F1 1989 Total

Iur-ber Title Actuil Estimate Estimate prozram

FB-Ol Particle Beam Technology 14,500 $14,000 $14,000 Continuing

B. RIEF SCRIPT ON O ISSION EQU IREMEN "D TEM CAP ITIES:

The major objective of this effort is to demonstrate the scientific

feasibility of developing defensive weapons using high power electron beams.

Such weapons would have the advantages of near speed-ol-light delivery, very

rapid retargeting, and deep target penetration resulting in catastrophic kill

of high performance targets from a variety of kill mechanisms. Potential

applicatfons include all-weather ship defense against advanced, highly mobile,

non-nuclear missiles, defense of mobile ground vehicles against sub-munitions

and land mines, and defense of fixed, hard-sites (silos).

Since the initiation of the program in 1978 the major R&D thrust has been

the demonstration of stable, predictable, propagation of a relativistic

electron beam within the atmosphere. To this end, DARPA developed and

constructed the Advanced Test Accelerator (ATA) at the Lawrence Livermore

National Laboratory as the program's major experimental facility.

In FY 1985 certain elements of the charged particle beam program directed

toward research of space-based electron beam weapon concepts were transferred

to the new Strategic Defense Initiative Organization. In addition, the ATA

has become the primary SDI facility for development of the Induction Free

Electron Laser (IFEL).

C. PROGPrA1 ACCOMPLISHMENTS AND PLANS:

FY 1987 Px-oram:

The first open-air propagation experiments were conducted at the

Advanced Test Accelerator (ATA).

- Stable propagat!on in the open air was observed even during

adverse weather conditions including rain and fog.

. The Spiral Line Induction Accelerator (SLIA) emerged as a the

lo-,st risk approach to the configuration of a near term weapon.

I I I II 'I 
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AMENDED FY 1986-1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #O602707E Title: Particle Beam Tecanolo~y
Budget Activity: 1. TechnoloU, Base

FY' 1988 Planned Program:

The ATA will begin a series of upgrade modifications to enable
high repetition rate, multiple pulse operation in anticipation of extended
range, atmospheric propagation experiments.

. The RADLAC II accelerator at Sandia National Laboratory will be
modified for very high curcent operation. High current propagation
experiments will be conducted.

. Tracking experiments will continue to characterize the force and
the influences of beam current, atmospheric water vapor, and background
ionization.

FY 1989 Planned Program:

. Multiple pulse experiments at reduced pressure will be conducted
on ATA to verify theoretical predictions of extended range propagation.

. Initial tests of the SLIA accelerator techiiology will verify the
feasibility of producing accelerators compact enough for use as weapons.

. An experimental program will be initiated to investigate the
Iropagation of Ultra-Relativistic Ilectrons (PURE) through the atmosphere as a
new and very promising propagation mode.

* First experiments will be conducted to demonstrate the Spiral Line
Induction Accelerator (SLIA) technology for producing very small, lightweight
electron accelerators.

Progran to Completion:

. FY 1990: Two-pulse propagation experiments will be conducted.

- FY 1991: An integrated demonstration of stable, many pulse
propagation will be performed.

D. WORY PERFORMED BY: The major participants are: Lawrence Livermore
National Laboratory, Livermore, California; Sandia National Laboratories,
Albuquerque, New Mexico; Naval Research Laboratory, Washington, D.C.; Science
Applications International Corporation, Palo Alto, California; and McDonnell
Douglas Research Labs, St. Louis, Missouri.

E. COMPARISON WITH FY 19M8 DESCRIPTIVE SUMMARY: No changes.

F. PROGRAM DOCUMENTATION: Not Applicable.



AMENDED FY 1988-1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0602707E Title: Particle Beam Technolozy
Budget Activity: 1. Techhology Base

G. MILESTONE SCHEDULE:

Plan Milestones

Sep 1988 Demonstration of high current lead pulse stability at RADLAC I1
Jul 1989 Initial demonstration of the Spiral Line Induction Accelerator
Mar 1990 Two Pulse Range extension experiment
Jun 1991 Demonstration of PURE (Propagation of Ultra-Relativistic

Electrons) mode

H. RELATED ACTIVITIES: In FY 1980 the Under Secretary of Defense for
Research and Engineering approved the Particle Beam Technology Program which,
beginning in FY 1981, consolidated the DoD particle beam efforts under the
overall technical direction of DARPA. Under this plan, DARPA assumed

responsibility for both charged and neutral particle beam feasibility
experiments. The Military Departments were responsible for advancing those
"technologies, which are essential in order to rapidly develop particle beam
weapons once they are proven feasible. In FY 1983, the transition to Army
began for the neutral particle beam program. This work is presently being
continued under the sponsorship of the Strategic Defense Initiative
Organization (SDIO).

I. OTHER APPROPRIATION FUNDS: None.
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element. #060270i5 Title: Interrated Command and Control
Technolozy

Budget Activity: 1. Technology Base

A. E (S in Thousands)

Project FY 1987 FY 1988 FY 1989 Total
Nuber Title Actual E Eima rogra

IC-01 Distributed Information 19,510 14.843 14,540 Continuing
Systems

IC-02 Advanced Command, Control and
Communications Tecihnology 18,363 17,157 18,820 Continuing

TOTAL FOR PROGRAM ELEMENT 37,873 32,000 33,360 Continuing

B. BRIEF DESCRIPTION OF ELEM1ENT: The objectives are to develop and demonstrate
technology under Distributed Information Systems for building systems that can
fulfill DoD needs for information processing in DoD C3 applications. In Advanced
Command, Control and Commuanication Technology, research is aimed at the
development of survivable, intelligent networks, utilizing advanced architectures
and devices for controlling large-scale, high-performance secure communications
networks for world wide command and control.

C. PROGRAM ACCOMPLISHMENTS AND PLANS' Accomplishments and Plans for this
Program Element are discussed in the individual project descriptions.

D. WORK PERFORMED BY' This is discussed in the individual project descriptions.

E. RELATED ACTIVITIES' This is discussed in the individual project
descriptions.

F. OTHER APPROPRIATION FUNDS' None.
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AMENDED FY 1988/1989 BIENNIAL BUDGET

RDT&E DESCRIPTIVE SUMmARY

Program Element: 0 Title: Integrated Command and

Project Number: IC-01 Control Technology

Project Title: Distributed Information Budget Activity: I. Technolop'v Base
Systems

A. E ($ in Thousands)

FY 1987 FY 1988 FY 1989 Total
1.tl Actual Estmat Estimate Prooram

Distributed Information Systems 19,510 14.340 14,540 Continuing

B. BRIEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIES: The
objectives of this project are to develop and demonstrate technology for building
high-performance geographically distributed information Systems which can handle
classified data, meet specific real-worid time constraints, and be easily
expanded to fulfill DoD needs for information processing in DoD command, control
and communications applications. Techniques are being developed to support secure
distributed processing among computers on different networks, including
mechanisms to manage the netwcrks and programming environments. This will provide
the kind of resource sharing and interoperability required to support the
insertion of Strategic Computing technologies (PE 0602301E, Project ST-lO) into
the distributed systems technology base.

C. PROGRAM ACCOMELISHMENTS AND PLANS--

FY 1987 Program:

- Techniques developed to support a very large number of nodes on the
Internet as well as to move large amounts of priority ordered data, and to
interoperate with commercial systems. Development of interoperability techniques
with OS standards and NATO C3 systems were explored.

- Design and integration began on a new distributed operating system
nucleus based on advanced object-oriented design techniques (MACH).

- The distributed sensor network program was completed.
- The Ft. Knox SIMNET (Simulator Networking) test site expanded to test

a full battalion and a SIMNET second site at Ft. Benning was started.
- Development of an advanced prototype software design that can support

an Ada environment.

FY 1988 Planned Program:

- Continuation of work to support very large networks, including OSI
standards and other methods to enhance interoperability among C3 systems.

- Ada and MACH are being used to explore new methodologies for
developing C3 systems, including object-based image communication techniques and
techniques for managing complex, multimedia networks.

- Security requirements and architectures are being explored.
- Distributed systems technology components are being selected and

adapted for use in tactical distributed C3 systems. Design and implementation is
underway for a new distributed operating system based on advanced object-oriented
design techniques to support interoperability among C3 systems.

iV

liAl Il l I I f1 1 I i



AMENDED FY 19 8 8,198 9 BIENNIAL BUDGET
RD"&E DESCRIPTIVE SUMMARY

Program Element: #0602708E Title: Integrated Command and

Project Number: IC-01 Control Technolory

Project Title: Distributed Information Budget Activity: 1. Technolory Base
Systems"

FY 1989 Planned Program7

- Techniques will be developed to support policy routing on the
Internet as well as to move large amounts of priority ordered data, techniques
for interoperability among C3 systems will be demonstrated on testbed
environments, and facilities for interoperability with OSI standards will be
completed.

- Ada and MACH will be used to explore new methodologies for developing
C3 systems, and object-based image communication techniques will be demonstrated
in a multi-media environment,

- Security requirements and architectures will be developed for
Internet technology and experimental networks. End-to-end encryption devices
will be installed in order to provide privacy for network data traffic.

- Distributed systems technology will continue to be explored,
including demonstrations of applications on distributed C3 systems. Methods for
network-based support of software systems will be developed.

.Proram to Completion:

- The Internet environment will become a tightly integrated network of
high-performance networks. Interoperability with other protocol systems will be
explored, as the Internet transitions to OSI standard protocols.

- Techniques will be developed and demonstrated for providing the
required real-time data communication to support distributed command and control
applications in an Internet environment, and to permit a locally specified
tradeoff between transparency and autonomy in a distributed systems.

- Mechanisms will be developed which permit integrated operation of
very large distributed systems with thousands of nodes, where a simple design
procedure allows information support to be spread across an integrated network.
Techniques which simplify, expedite and reduce the cost of software maintenance
in distributed systems will be demonstrated.

- An advanced Ada environment will be developed suitable for use with a
new generation of software and system tools,

D. WORY PERFORMED BY* The major performers are University of Southern
California/Information Sciences Institute, Marina del Rey, California; Bolt,
Beranek and Newman, Cambridge, Massachusetts; Carnegie-Mellon University,
Pittsburgh, Pennsylvania; Massachusetts Institute of Technology, Cambridge,
Massachusetts; and University of California Los Angeles, Los Angeles, California.



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #060270SE Title: Integrated Command and
Project Number: IC-01 Control Technolovy
Project Title: Distributed Information Budget Activity: 1. Tmchnoloiv Base

Systems

E. COMPARISON WITH FY 1988 DESCRIPTIVE SUMMARY:

IMPACT OF CHANGES

Schedule Budget Year
Cbange Schedule Chanie Cost

Cost Certify end-to-end encryption device. Oct 1988 -240
Demonstrate interoperability between DoD Jul 1989 -1,200

and OSI networking protocols.
Initiate installation of privacy devices in Jul 1990 -1,600

Internet environment.

NARRATIVE DESCRIPTION OF CHANGES

COST CHANGES Initiation of ARPANET privacy effort will be delayed until
commercial development of appropriate devices occurs. Budget reductions force
delays of 12 months for interoperability development and 15 months in end-to-end
encryption device.

F. PROGCRkk DOCUMENTATION; Not Applicable.

G. MILESTONE SCHEDULE:

P~an Milestones

Sep 1988 Complete initial prototype of new distributed systems foundation.
Oct 1988 Certify end-to-end encryption system for use at Fort Bragg.
Jun 1989 Demonstrate distributed, large scale C3 system across the Internet.
Jul 1989 Demonstrate interoperability between DoD and OSI standard protocols.
Jul 1990 Initiate installation of privacy devices in Internet environment.

H. RELATED ACTIVITIES;

The work provides the technical base for other DARPA program areas,
particularly Program Element #0602301E Strategic Technology.

I. OTHER APPROPRIATION FUNDS1 None.
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AYENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #ObO5898E Title: Management Headquarters
Budget Activity: 6. Defepsewide

Mission Support
A. RESOURCES: ($ in thousands)

Project FY 1987 FY 1988 FY 1989 Total
Number Title Actual Estimate Estimate Progran

Management Headquarters 12,993 15,034 15,497 Continuing

B. BRIEF DESCRIPTION OF ELEMENT: This program element provides funds for
payment of salaries to civilian employees and for administrative support
costs of the Defense Advanced Research Projects Agency (DARPA). This
funding provides for the personnel compensation and benefits for civilians
assigned to DARPA as well as costs for building rent, physical and
information, security, travel, supplies and equipment, communications,
printing and reproductions. In addition, funds are included for reimbursing
the Military Services for administrative support costs associated with
contracts undertaken on the Agency's behalf.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program: Funding under this program element in FY 1987 ..... ...
supported management and administration for the RDT&E program assigned to
DARPA. The majority of the funds were required for the pay of personnel who
operate the Agency. Beginning in FY 1983, this project included funding to
reimburse the various Service agents for costs associated with their
administration of DARPA's contracts. These funds had been previously
budgeted in the technical program elements which had funded the technology
base programs.

FY 1988 Planned Program: The management and administrative support
efforts for headquarters DARPA will continue at approximately the same level
as FY i987. The major increases are due to physical and information
security improvements, and in personnel compensation and benefits for the
fourteen additional billets associated with DARPA's expanded prototyping
role and limited contracting capability.

FY 1989 Planned Program: The management and administrative support
efforts for headquarters DARPA will continue at approximately the same level
as in FY 1988.

Program to Completion: This is a continuing program.

*• D. WORK PERFORMED BY: Civilian and military personnel assigned to the
* Defense Advanced Research Projects Agency and by DARPA agent personnel
* operating within the Military Services.

E. RELATED ACTIVITIES: Not applicable.

F. OTHER APPROPRIATION FUNDS: None.

%_%!_

!



AMENDED FY 1988/1989 BIENNIAL BUDCET
RDT&E DESCRIPTIVE SU0INARY

Program Element: #0602708E Title: Integrated Command and
Project Number: IC-02 Control Technologv
Project Title: 8dvanced Command. Budget Activity: I- Tecnolory Base
Control and Communications Technology

A. R ($ in Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Acta Etima Estimate Progroam

Advanced Command, Control and 18,363 17,157 18,820 Continuing
Communications Technology

B. BRIEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIES: The
objectives are to develop and demonstrate integrated systems of advanced command
and control technologies apd transfer these to the Services and other Agencies.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

- The Metal Oxide Semiconductor Implementation System (MOSIS) continued
to accept and fabricate research designs; under a joint program with NSF,
provided fabrication to U.S. university classes at costs appropriate to lab fees;
and, enabled easy, rapid and inexpensive acquisition of electronic components.

- Initiated an object-flow approach to computer-integrated design,
manufacture and test.

- The results of the Strategic C3 experiment were evaluated and
documented. Experimentation with new techniques improving survivability and
security began. Preliminary designs for the Multiple Satellite System were
completed and requests for proposals to build a prototype system were released.

- The Army/DARPA Distributed Communication and Processing Experiment
(ADDCOMPE) distributed command and control applications were evaluated and
evolved in the Fort Bragg testbed.

- A protocol suite to support multimedia conferencing over the Internet
was tested and used to define and test methods and tools for specifying and
developing very large C3 systems by evolution and assimilation.

- An architecture and some devices for ensuring privacy of multimedia
conferences in very large C3 systems were developed. Utility programs and a
distributed operating system for the Internet were integrated into this testbed
to investigate automated resource management, data distribution, and failure
recovery for distributed command and control applications in the future.
- Initial design began on software systems to facilitate adaptive
strategic mission planning, using recent advances in machine intelligence and
user interface technology, and airborne link test of a survivable high bandwidth
communications capability was p.erformed.

rY 1988 Planned Prorrarn:
- MOSIS continues to provide system prototypes access to a spectrum of

advanced semiconductor processes and options and other technologies such as
Gallium Arsenide (GaAs) and Wafer-Scale Integration (WSI).

- A survivable, adaptable network testbed will be transitioned to the
Army after the demonstration of the Automated Network Monitor (ANM) in the Fort
Bragg testbed. The next phase of this effort will begin. at Fort Lewis.
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0602708E Title: Intearated Command and
Project Number: ..IC0 Control Technolory
Project Title: Advanced Command, Budget Activity: 1. Techologv Base
Control and Comminications Technology

- Technology for rapid display of command and control information is
being developed and integrated with multimedia conferencing.

- Development of software systems to facilitate adaptive strategic
mission planning will start.

- A high-performance testbed for Internet policy routing experiments is
being developed in cooperation with the other Federal agencies.

- A quick reaction design prototyping system will be installed at the
FBI.

FY 19S9 Planned ProgrkL:
- MOSIS will start offering prototyping services for sub-micron

semiconductor technologies that will enable rapid development.
- Experimentation with techniques improving survivability and security

will continue, including design evaluations for the Multiple Satellite System.
- Tactical end-to-end network security will be developed in cooperation

with the National Security Agency and integrated into the tactical prototypes.
- An integrated capability for multimedia conferencing will be

demonstrated in a tactical testbed. and used to develop a joint command testbed
with the JCS and one or more CINC's.

- The Internet testbed will provide continually higher performance.
Utility programs and distributed operating system components will be integrated
into the testbed to piovid( automated resource management, data distribution, and
failure recovery which can serve as a model for future distributed command and
control systems.

- Software systems to facilitate adaptive strategic mission planning
will add maturing machine intelligence and user interface technologies, including
a demonstration of distributed wargaming using computer resources embedded in C3
systems.

Program to Completion*
- MOSIS will be institutionalized on a self-supporting basis.
- Computer integrated manufacturing methods will be applied to

manufacturing semiconductor testbeds and extended to other technologies.
- *t network management system for large scale survivable networks will

be developed and evaluated.
- Command and control experiments will be conducted to exercise a rapid

adaptive strategic mission planning capability.
- A balanced set of advanced C3 technologies suited for defense

requirements of the 21st century will be demonstrated, evaluated, and transfered
to the Services in an integrated set of multi-Service, multi-echelon testbeds for
ground, air, and satellite-based employment.

D. WORK PERFORMED BY. The major performers are University of Southern
California/Information Sciences Institute, Marina del Rey, California; Bolt,
Beranek and Newman, Cambridge, Massachusetts; SRI International, Menlo Park,
California; Hazeltine Corporation, Greenlawn, New York; and. University of
California at Berkeley. Berkeley, California.
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AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: 00.Q2.708 Title: Intetrated Command and

Project Number: IC-02 Control Technology
Project Title: Advanced Command. Budget Activity: 1. Tecnolozv Base
Control and Communications Technologv

E. COMPARISON WITH FY 1988 DESCRIPTIVE SUMMARY:

IMPACT OF CHANCES

Schedule Budget Year
an Schedule Chane Cost

Cost Demonstrate low-cost multi-satellite Dec 1988 -900K
communication in the laboratory.

Demonstrate large-scale survivable network. Mar 1989 -500K
Airborne demonstration of the Multiple Dec 1989 -600K

Satellite concept.

NARRATIVE DESCRIPTION OF CHANCES

COST CHANCES' Demonstrations delayed six months due to funding reductions.

F. PROGRAM DOCUMENTATION: Not Applicable.

0. MILESTONE SCHEDULE'

El=n Milestones

Sep 1988 Demonstrate low-cost multi-satellite communication in the laboratory.
Dec 1988 Large numbers of low-cost packet radios delivered to testbeds.
Mar 1989 Demonstrate large-scale survivable network.
Jun 1989 High-level design system available to government installations.
Sep 1989 Sub-micron prototyping services available through MOSIS.
Dec 1989 Airborne demonstration of Multiple Satellite concept.
Mar 1990 Transition stable portions of high-performance Internet to commercial
S 19 operation.
SSep 1990 Demonstrate integrated survivable adaptive planning capability (SAPE).
Jun 1992 Demonstrate intelligent airborne platform network.

H. RELATED ACTIVITIES: None.

I. OTHER APPROPRIATION FUNDS' None.
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AMENDED FY 1988/1989 BIENNIAL BUDGFI
RDT&E DESCRIPrIVE SUMAPY

Proaram Element: #0602712E Title: Materials/Electrnnics Technology
Budget Activity: 1. Technology Base

A. RESOURCES: ($ in Thousands)
Project FY 1987 FY 1988 FY 1989 F Total
Number Title Actual Estimate Estimate -.
MIT-01 Materials Technology $23,237 $16,290 $13,040 . Continuing
MPT-02 Electronics Techno]oc. $7,357 $42,710 $7,500 Continuing
TOTAL FOR PROGRAM ELEMNT $30,594 $59,000 $20,540 Continuing

B. BRIEF DESCRIPTICN OF E ENT: Development of heterojunction technology,
maskless processing for suminicron structures, high efficiency compound seniconductor
solarcells and low threshold semiconfuctor lasers. The Materials Technology Project
(MPT-01) is discussed in the attached project description. The Electronics
Technology Project (MPT-02) is discussed below.

C. PROGRAM AtCCT( LISHENTS AND PLANS:
FY 1987 Proqram:

- Achieved initial release of callium arsenide process modelling software
- Realized first cascade, high efficiency solar cell
- Fabricated 4-bit, one gigasanple per second analog to digital converter by

tuning transistor parameters with an ion beam
FY 1988 Planned Program:

- Initiate $35 million program to support advanced compound and other
semaconductor research as directed by Congress

- Use Ion beams to reduce device geometries to 500 nancreters
- Increase modulation frequency of laser diodes fram 11 to 30 qigahertz
- Investigate gallium-aluminum-arsenide and silicon germanium hetero-

structures for electro-optic interconnections and quantum-well devices
- Fabricate three-junction cascade solar cell

FY 1989 Planned Pro:raz:
- Demonstrate 30% efficient cascade solar cell
- Integrate ion, electron and photon beam processing into one

integrated circuit fabrication module
- Initiate new opt~.cal storage technology with a goal to obtain millisecond

access tim• to a 500 gigabytes memory system
- Initiate de•onstration of a multi-sensor/processor, reconfiqurable fiber

optic network
Program to Completion.

- Achieve monolithic integration of electronic devices that utilize
different material systens

- Develop opto-electronic electro-magnetic pulse immune processors; this is
a continuing program

D. WORK PERFOR-E BY: Performers include: California Institute of Technoloov,
Pasadena, California; Texas Instruments Corporation, Dallas, Texas; The Lincoln
Laboratory, Lexington, Massachusetta; and Stanford University, Palo Alto, California.

E. RELATED ACTIVIrIES: Developmients in electronic materials, device concepts, and
processing methods are coupled to the services' programs through the DAPPA aaents,
annual DoD-wide program reviews, and coordination thrcuqh DDRE's Advisory Group on
Electron Devices (AGED). These activities assure that no unnecessary duplication of
effort occurs.

F. OTHER APPPCPRTIIN FUNDS: None.
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AIIEND~ED FY 19PPU1989 BIENNIAL BUPIGET
RDTUE DESCRIPTIVE SIYMAPY

Programa Elerlfrt: #0F0671?1E Title: fMaterials/Electronic ecnlogyy
Project Number: MPT-0 Budget Activity: 1. Technoloo_ as&e
Project Title: PMaterials Technology

A. RESOlURCES: (S in Thousands)

FY 1987 FY 198P FY 1969 Total
Title Actual Estimate Estimate Program

Materials Technology $23 ,?37 $16,290 S13,OZC Continuing

B. BRIEF DESCRIPTION OF ELEMENT: Vevelopment of novel materials ana
processing routes to derorstrate advanced comiprsltes; strong, stiff 4ibers;
high terperature ceramic superconductors; app!ication of artificial
intelligence and sensors to materials processing; intermetallic compounds
for gas turbine engines and airframes; and intelligent task autoration for
advanced sensory controllee robotic systens.

C. PROGRAM1 ACCOMPLISHM'ENTS AND PLANS:

FY 39P7 Programi:

- Demonstrated protection or carbon-carbon composites for 10
hours at 1760'C using niultilayer ceramic coatings

- Produced multifilament ceramic fibers having strengths o' 211
kilopcunds per square inch (Vsi) and a modulus of 321 Megapounds per square
inch (f'si)

- Initiated a new program on~ high temperature ceramic
superconductors

- Produced strong, stiff graph ite/magnes ium composites in
tubular form with zero coefficient of expansion

- Demonstrated feasibility of assembling small complex
elect~romechanical device automatically from a kit of parts

FY 1988 Planned Program:

- Transition the ceramic fiber program, to the Air Force
Wright-Aeronautical Laboratories (AFWAL), which will initiate a
Manufacturing Technology Program

- Utilize intelligent processing of GaAs single crystals to
provide higher yield products

-Demonstrate processing of carbon-carbon composites that gives
improved properties and reproducibility

. Complete two robotic systems to demonstrate integration of
rcbotic technology

FY !~Ofl Planned Program:

- Demonstrate ceramic superconductors in bulk and thin filri form
with high current carrying capacity

- Fabricate titanium-aluminum. intermetallic compouned ra~rix
composites by rapid solidification processing
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AENDED FY 19FF/InPc BIENNIAL BUDGET
PPT&E DESCRIPTIVE SU.PAflY

Program Element: C 771E Title: flaterials/Electronic Te.chnology
Project Number: MPT-01 Budget Activity: 1. Technology Base
rrnJect Title: f5ateriaTs Technology

- Demonstrate improved pyrolysis capabilities through
intelligent processing of carton-carbon composites

- Evaluate high terpcrature (to 1400'C) ceramic composite
corcprents in gas turbine test rigs

- Transfer Intelligent Task Automation prcgram to program
element C602301E beginning in FY M•9

Program To Completion:

- Demonstrate 'iber reinforced intermetallic compounds in
aircra't and engine components

- incorporate improved sensors, artificial intelligence and
expcrt systems applied to raterials processing into DARPA's manufacturing
scierice prograrm

D. VOPK PERFORMtED BY: Major performers are: United Technologies
Research Center, East Hartford, Connecticut; Dow Corning Corporation,
Cidlarcd, Michigan; rVartin Mlarietta Corporation, Baltimore, tMaryland;
General Electric Corporation, Schenectady, New York; and Pratt ?. Mhitney
Corporation, V:est Palm Beach, Florida

E. CO?1PAPISON IM: FY 1988 DESCRIPTIVE SUmm1APY:

IMPACT OF CHANGES

Budget Year

Change Schedule Schedule Change

Cost Demonstrate capability Cancel delivery -$2,316
of dual alloy radial of DAPT Demon-
turbine (DART) rotor strator
to withstand hot spin
rig testing

Cost Evaluate advanced Cancel program-05,0
composite gas ti.rbine
materialt

Cost Optimization of metal Sep 198S -S3,660
matrix and carbon-
carbon composites for
aerospace applications

NARRATIVE DESCRIPTION OF CHANGES

COST CHANGES: During cold spin testing of the DARPA/DART Demonstrator,
extremely 7arge vibrations were noted at 93,000 rpm. Within available
funding, no suitable engineering design can be designed to rectify this



AMIENJDED FY iP./-19P9 BIENNIAL BUDGET
RDTAE CESCRTIPTIVE SUMAPRY

Program Elenment: k0FO7'?lE Title: flaterials/Electronic Tcchnology
Project Number: MPT-0] Budget A-c'ivity: L. Technology Base
Project Title: Nateriak Technology

situation. This program was terminated as were plans to install the
completed renonstra:.or as a test rig at the Naval Air Propulsion Center.
Budgeting reductions will cause a 6 month delay in the plannpO expansion o'
metal natrix are carbon-carbon composites for aerospacp applications.

F. PROGRA11 DCCU!IErITATTON: Not applicable.

G. MILESTONE SCPECULE:

Pian Milestones

Sep 198P Demonstrate protctype rocket nozzle materials
based on in-situ rein'orced ultra-¢ine composites
with high thermal conductivity

Sep 19P]8 Produce multifilament tows of ceramic fibers in
sufficient quantities to deimonstrate potential for
scale up to a rarnufacturing technology program

ray i198 Demonstrated ceramic surerconductors in bulk and

thin film forms with high current carrying
capacity

May 1989 Evaluate advanced composite gas turbine materials

Sep 19V9 Fabricate intermetallic corpound matrix composites
and demonstrate as components for aerospace
applications

Cec 19R9 Demonstrate Intelligent process control concept in
production of gallium arsenide single crystals

H. RELATED ACTIVITIES: DARPA's research on Materials Processing
Technology is coordinated within the DoD and with other federal agencies
via the NSF-hosted Interagency Materials Croup, OSTP's Confittee on
M~aterials, and various DOWPE sponsored topical workshops on composite
materials. These activities assure that no unnecessary duplication of
effort occurs.

I. OTHER APPRGPRIAT:C?' FUNDS: None.
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AMENDED FY 1988/1989 .B'WNIAL BUDGE7
RDT&E DESCRIPTIV1 SUMMARIES

Program Element: #0602714E Title. I4u1.lear Monitoring

Budget Activity: 1. Technology Base

A. RESOURCES: ($ in Thousands)

Project FY 1987 FY 1988 FY 1989 Total
Number Title Actual Estimate Fstimate. Propram

NM-01 Nuclear Monitoring $19,021 $24,330 22,600 Continuing

B. BRIEF DESCRIPTION OF MISSION REOUIREMEM A.ND SYSTEM CAPABILITIES: The Nuclear
Monitoring program conducts research and dexw©opment to enhance U.S. capabilities
for monitorin, nuclear explosions. The prmg2ram provides technical information

needed for developing sound national politl for negotiations on treaties limiting
nuclear testing. It provides technical suqrppirr for U.S. participation in the
current negotiations with the Soviet Union -mrd in treaty-related international
activities. U.S. policy dictates that any &traement which places limits on
nuclear testing must be effectively verifizble. This pregram is aimed at
addressing the very difficult technical prdbA±ms in estailishing effective
verification for existing and possible futurt txeaties Umiinting nuclear testing.
In particular, better technical understandinS is required to assess the monitoring
value of stations internal to the USSR, high ftequency seismic wave propagation,
accurate yield determination at all levels,, and technologies which might be used
in on-site monitoring. The recently begut 5ilateral Nuclear Testing negotiations
with the Soviets in Geneva aimed at achievimg effective -erification of the
Threshold Test Ban Treaty yield limit has xtvarly brought to the forefront the
need for an improved technical basis for mrta.toring. Precedent-setting
U.S./Soviet Joint Verification Experiments a Ere being dis-lissed and may be
conducted in CY 1988. This research programz ill provide technical support to the
planning and conduct of any cooperative experIments and will incorporate the
results for an improved basis for monitorir%. This restarch program continues to
provide key technical support to U.S. efforts in the United Nations Conference on
Disarmament, particularly in the developmemn: -of an International Seismic Data
Exchange System for global treaty monitoriiig. Other research efforts in this
program are aimed at developing the sensors amd advanced technology needed to
detect the presence of nuclear materials at remote distwices.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program:

- Yield Estimation. A unified seismic method for determining the yields
of large Soviet nuclear explosions with high precision was developed and applied
to all the large explosions at the main Sovi-et nuclear weapons test site, This
method offers the possibility for significant improvement in yield determination.
Techniques for improved accuracy of yield determination over a range o. yields
were investigated.

Efforts were made to provide a firm technical basis for support to the
ongoing Nuclear 4est Experts Talks in Gene-v.
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Data Acquisition/Analysis. Data from the small advanced-design array
in Norway (NORESS) were studied to determine the detection capability of small
explosions using high-frequency seismic waves. Development of a second advancec
array was begun in northern Scandinavia as part of the overall demonstration
experiment to evaluate the monitoring effectiveness of a network oftsmall advanced
high-frequency arrays in geological areas analogous to that found in the Soviet
Union. A program was initiated to design an advanced array signal processing
system using Artificial Intelligence to assess the data from the high-frequency
array demonstration experiment.

. Support to International Negotiations. A new concept for an
international monitoring system was presented to the United Nations Conference on
Disarmament. Initial experiments on the global exchange of large volumes of
waveform data were conducted using the facilities of the prototype International
Data Center at the DARPA Center for Seismic Studies.

- Nuclear Materials Detection (TIARA). Final design of a complex imaging
neutron detector array and an imaging, high-resolution gamma-ray detector neared
completion. These new detectors should have the capability to improve
significantly the detection and characterization of nuclear materials, processes
which emit radiation. Evaluation of experimental approaches to neutrino detection

continued.

FY 1988 Planned Program:

- Yield Estimation. Final testing and evaluation of the improved yield
estimation techniques will be carried out. Development will begin on a system to
conduct the required analyses required for the new techniques in an efficient
manner. Efforts will be made to begin the process of transferring this new
technology to operational systems. Testing of the new highly accurate methods on
lower yields will be carried out. Fundamental work in mathematics and statistics
will be begun to examine how this technology should be integrated into monitoring
procedures.

- Data Acquisition/Analysis. Development and installation will be
completed on the advanced high-frequency array (FINESS) in northern Scandinavia.
Practical demonstrations of high-frequency propagation characteristics will be
designed and tested using the new data from the Scandinavian arrays. Development
will continue on the intelligent array nrocessing system which will be installed
at the DARPA Center for Seismic Studies. The system will optimize processing of
data from multiple high-frequency arrays and should demonstrate significantly
improved capabilities to detect small events.

- Support to International Negotiations. Direct technical support will
be provided to the US/USSR Nuclear Testing Negotiations on improving yield
threshold verification. The program will also provide support for the planning
and conduct of any Joint Verification Experiments with the Soviet Union.
Technical support will also be provided to the Conference on Disarmament to plan
and test a modern international data exchange system, including the establishment
of the U.S. International Data Center at the DARPA research facility.

- Funding was added by Congress in the FY88 appropriation to reinvigorate
the seismic verification research effort and to follow up on progress being made
in the current program and by that in the university program. The increased
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funding is being used to augment funding for seismological research at individual
universities (with particular emphasis on high frequency signal propagation and
decoupling research), to increase participation in the global digital seismic
network, to accelerate the advanced array program, and to support any US/USSR
Joint Verification Experiments.

- Nuclear Materials Detection (TIARA). Development of nuclear materials
detection technology with emphasis on extreme sensitivity and new radiation
imaging techniques will continue. These investigations and technical
demonstrations will lead to advnaces in monitoring equipment which relies on
radiation detection technology. Prototypes of the new detectors will be tested
in high-altitude balloon flights from Australia and Antartica to simulate space
conditions.

FY 1989 Planned Program:

- Yield Estimation. Improved advanced methods of yield estimation will be
tested and applied in operational use for their applicability to the estimation of
lower yields.

- Data collected in any US/USSR Joint Verification Experiments will be
incorporated into the new yield estimation methods.

Data Acquisition/Analysis. The prototype intelligent array processing
system will be installed at the DARPA Center for Seismic Studies and an evaluation
of the capabilities of this system will begin.

Support to International Negotiations. Technical support to the
discussion of possible US/USSR Joint Verification Experiments will be continued,
including the possibility for deploying U.S. seismic equipment in the Soviet Union
for use in such an experiment. Final planning of the large scale global test of
the international monitoring system will be completed under the auspices of the
Conference on Disarmament. Testing of critical elaments of this system will
begin. This will involve the establishment of a direct high-speed communications
network between the International Data Centers in Washington, Sweden, the Soviet
Union and Australia.

- Nuclear Materials Detection. Neutron and Gamma-ray detectors and
imaging methods will be tested in realistic environments.

Program to Completion:

- The research program has supported the U.S. government efforts to
achieve effective verification of the Threshold Test Ban Treaty. The seismic
research requirements in future years will be driven by negotiation opportunities

as they appear. The program is structured to be flexible to respond to possible
future requirements for treaty monitoring. Because of the element of possible
evasion or non-compliance, the program is a continuing one. Verification
capabilities which might be needed for future test limitations are not yet firmly
established. Development of nuclear materials detection technology with emphasis
on extreme sensitivity will be continued.

D. WORK PERFORMED BY: Approximately 67% of this work is performed by industrial
contractors, 18% in-house laboratories, 7% foreign, and 8% university. Major.
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performers include: Teledyne Geotech, Garland, Texas and Alexandria, Virginia;
Lockheed Palo Alto Research Laboratory, Palo Alto, California; Science
Applications International Corp., McLean, Virginia and San Diego, California;
Science Horizons Inc., Encinitas, California; the University of Florida,
Gainsville, Florida; Southern Methodist University, Dallas, Texas;pUniversity of
Colorado, Boulder, Colorado; Sandia National Laboratvries, Albuquerque, New
Mexico, and Los Alamos National Laboratory, Los Alamos, New Mexico.

E. COMPARISON WITH FY 1988 DESCRIPTIVE SUMMARY: No change in FY1989.

F. PROGRAM DOCUMENTATION: Not Applicable

C. MILESTONE SCHEDULE:

Plan Milestone

Jan 1988 Testing ofprototype of a gamma-ray detector.

1988 Possible US/USSR Joint Verification Experiment (tentative)

Sep 1988 Advanced yield estimation methodology tested

Apr 1989 Demonstration and evaluation of high frequency analysis
processing system.

Sep 1989 Delivering of space-borne neutron and gamma detector
arrays for integration to spacecraft.

Jan 1990 Conduct of international Data Exchange Experiment under
auspices of Conference on Disarmament, Group of Scientific
Experts

Jul 1990 Space tests of nuclear radiation detectors

H. RELATED ACTIVITIES: Complementary research is conducted by the National
Laboratories of the Department of Energy and by the Air Force Technical
Applications Center (AFTAC) for operational applications. These efforts are
coordinated through existing interagency agreements and periodic working level
coordination meetings.

I. OTHER APPROPRIATION FUNDS: None



AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0603226E Title: Experimental Evaluation of
Major Innovative•_Technologies

Budget Activity: 2. Advanced Technology
Developmnent

A. RESOURCES ($ in thousands)

Project FY 1987 FY 1988 FY 1989 Total
Number Title Actual Estimate Estimate Programs
EE-02 Teal Ruby Experiment 5,865 $2,420 0 301,480

EE-03 X-Wing/RSRA 54,378 0 0 164,797

EE-09 X-29 Advanced Technology 230 1,000 2,000 133,504
Demonstrator

EE-19 Long Range Interceptor 8,660 0 0 11,288

Experiment

EE-17 Detection of Aircraft 2,979 2,681 3,000 12,000
(HI-CAMP)

EE-18 Advanced Undersea Technology 14,646 26,500 .- 20,000 Continuing

EE-19 Advanced Cruise Missile 4,000 6,000 6,000 Continuing
Technology

EE-21 Armor/Anti-Armor 2,300 18,282 44,000 Continuing

EE-23 Enhanced Fighter 0 15,000 20,000 80,900
Manueverability

EE-24 Advanced Short Takeoff 0 5,000 10,000 Continuing
Vertical Landing

EE-25 Tactical Airborne Laser 0 20,000 0 20,000

EE-26 Hypersornics Weapons Technology 0 25,000 25,000 235,000

EE-27 LIGHTSAT 0 (35,000)* 34,000 235,000

EE-28 Unmanned Undersea Vehicle 0 25,000 10,000 TBD

EE-29 Low Observable Technology Base 0 5,000 5,046 TBD
TOTAL FOR PROGRAM ELEMENT** 151,774 215,133 225,046 TBD

* Funded in PE 0602301E in FY 1988

** Total includes classified projects not identified herein.

B. PROGRAM ELEMENT DESCRIPTION: This program element is dedicated to the
demonstration, evaluation and/or prototyping of advanced research and development
concepts. Projects No's EE-18, EE-21, EE-23, EE-26 EE-27, and EE-28 are
described in separate Descriptive Summaries.



AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE SULMARY

Program Element: 00603226E TITLE: Experimental Evaluation of
Project Number: #EE-02 Major Innovative Techno]ogies
Project Title: TEAL RUBY Experiment Budget Activity: 2. Advanced Technology

Developuent

B. BRIEF DESCRIPTION OF PROJECT: Program is a space experiment to demonstrat
infrared detection of strategic aircraft from a space platform, measure target and
cluster background signatures from space,and deronstrate advanced infrared mosaic
detector technology.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program:

Completed sensor spacecraft system testing.
Completed closeout/verification of aata processing
software.
Completed modifications to earthshield structure
for Shuttle loads.
Began re-work of uplink/downlink software run
on new Satellite Control Facility's new computer
system (DSM).

FY 1988 Planned Program:

Congress zeroed DARPA funds for TEAL RUBY sensor.

FY 1989 Planned Program: N/A.

Program to Completion: N/A.

D. WORK PERFORMED BY: Rockwell International, Seal Beach, CA; and
Air Force GeophysicsLaboratory, Hanscom AFB, MA.

E. RELATED ACTIVITIES:

Program Element # 0603226E - Detection of Aircraft
Program Element 0 0603402F - AF Space Test Program
Program Element # 0603741D - OSD Air Defense Initiative

F. OTHER APPROPRIATION FUNDS: None.

a m i N I N I I I I H I l I I I II I I ý



AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE &U1nARY

Program Element: #0603226E Title: Experimental Evaluation of
Project Number: #EE-09 Major Innovative Technologies
Project Title: X-29 Advanced Technology Budget Activity: 2. AdVinced Technology

Demonstrator Development

B. BRIEF DESCRIPTION OF PROJECT:: Program is designed to develop and
deornstrate advanced aerodynamics, structures and flight control technologies.

C. PROGRAM ACCOMPLISIHMENTS AND PLANS:
FY 1987 Program:

Flight research continued on the first X-29A aircraft.
Performance, stability, and control test data correlated
and compared to analytical and wind tunnel predictions
to validate the design process and create the data base
necessary to transition the X-29A results.
Military utility was evaluated using handling qualities
testing for air combat maneuvering and air-to-air tracking
tests.

FY 1988 Planned Program:
Research efforts will focus on advanced aerodynamic,
structural, and flight control technologies.
Research flight testing on the first aircraft will be
completed.
Second aircraft will begin modification to install a spin
parachute and augmented flight control system and instru-
mentation for high angle of attack testing.
Second vehicle will be delivered to Edwards AFB, CA to
begin extensive ground testing of flight control system
and certification of the spin parachute.

FY 1989 Planned Program:
Flight testing of aircraft number two.
Gradual build-up in angle of attack and angular rate will
provide flight safety near the stall boundary of the
flight envelope.
Evaluate control systems effectiveness in roll and
pitch axes at high angles of attack to validate
design goals of forward swept wing.

Program to Completion:
First quarter of FY 90 will involve data reduction
and reporting of test results and comparisons with analytical
predictions.

D. WORY PERFORMED BY: Grumman Aircraft Corporation, Bethpage, NY; NASA
Langley Research Center, Norfolk, VA; and NASA Ames - Dryden Flight Research
Facility, Mountain View, CA.

E. RELATED ACTIViTIES: DARPA Air Force Memorandum of Agreement established
Air Force Systems Command and the Agent responsible for procurement and technical
monitoring of design and fabrication and test efforts. DARPA/NASA Memoranduir of
Agreement established Dryden Flight Facility as primary test support organization.

F. OTHER APPROPRIATION FUNDS: None.



AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0603226E Tit:e: Experimental Evaluation of
Project Numb!r: fEE-17 Major Innovative Technolgies,
Project Title: Detection of Aircraft Budget Activity: 2. Advarced Technology

(HI-CAMP) Develorment

B. BRIEF DESCRIPTION OF PROJECT: Program addresses the phenomenology and
hardware/software technology for the development of space based or high flying
infrared surveillance systems for the detection of aircraft on groxnd targets.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:
FY 1987 Program:

Collected data against BQM-107 drones at White Sands.
Successfully gathered IR target and background data
simultaneously with the B-i prototype radar for use
in developing new concepts for sensor fusion.
Collected data on strategic relocatable targets.
Completed development of new target, background and
atmospheric models/distributed to community.

FY 1988 Planned Program:
Collections planned against strategic missiles;
laser sources; strategic and tactical aircraft artillary-
firing and non-firing; Navy carrier aircraft operations.
Participate in additional sensor fusion collections.
Deploy HI-CAMP sensor to United Kingdom for
installation in UK aircraft and participate
in collection against wide variety of targets.

FY 19P9 Planned Program:
Complete program in the United Kingdom.
Continue long range aircraft, sensor fusion and
ballistic missile plume measurements.
Continue real-time algorithm developments.

Program to Completion:
Complete data analysis of collected phenomenology.
Transition HI-CAMP II sensor to another Agency/Service.

D. WORK PERFOPRMED BY: Lockheed Missile and Space Company, Palo Alto, CA;
MRJ Corporation, Fairfax, VA; ERIM, Ann Arbor, Ml; Air Force Geophysics Labor-
atory, Hanscom AFB, and Naval Ocean Systems Center, San Diego, CA.

E. RELATED ACTIVITIES:
Program Element # 0603226E, TEAL RUBY
Program Element # 0602301E, Strategic Technology,
Advanced Concepts; Broad Area Search and Surveillance
Program Element # 0603741D, Air Defense Initiative

F. OTh1ER APPROPRIATION FUNDS: None.

l l l l l l l l I I I l l l



AMNDED FY 1988/1989 BIETWIAL BU=C'1
1RYr&E DESCRIPTIVE SIKPýRY

Program. Element: 0603226E Title: Experimrental Evaluation at Major
Innovation Technologies'

Project Ntmber: EE-18 Budget Activity: 2. Te-chnology Base
Project Title: AdJvanced Undersea Ttechoj ogy (AUr)

A. ýCSZ,-II ($~ in ±Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate E stima t cE a

ALT14,646 24,F;00 20,000 Continuing

B. BlE DESCRIPTION OF M1,SSION' REQUIP4tT 2CAN SYSTEM CAPABILITIES:
Tm'i oWjective of t!-is prngra-n is to develop and demnstrate advanced in
ttechnrology r equired i~or auvnarous undersea systems. Technology areas to be
inv.-stigated include: Autonomous navigation systems, high energy density pv.&'er

r~vr advncedprppulsion systaris, lcw drag vehicle designs, advanced
autorcrnus se-nýrw-r, cov'ert acoustic cam-nications and autonomous control

C. PIY)(Mk PZ~*1IJS1hffIT A11 PlANS:

FY 987 Prm- ram:

- Denonstration of the low drag veh-icle design at higher speeds and in
salt wate-r wnas conic-ted in the Langley "lo Basic. The T~errin and obstacle
Avoidance Crax (TQZ.S) system waz tested and del ivered. Autonom~ous logic for
the 'TW.S vaz cxczpleted. Mixsion studies were completed whicdh identified and
demnstrated altexnative uses tor autonomo~us veh~icles. --At-sea demonstrations
of the intelligent control of Muiltiple AUV"3 were xzrpleted. Coopezative AlA?
activity was desrostrated ussing two EAVE East Vehicles with acostic sensors.
The activit-ies daronstrated included search, hazard avoidance and coordinated
attack.

FY 1988 Planned PR:gram:

- Field demnstrations will continue in FY 88 and simulation
of performance will be completed.

FY 1989 Planned Program:

- Further activities during FY 89 will concentrate on the development
of advanced autonarcus sensors, (e.g. a second generation TICAS, an Acoustic
Intercept Receiver) and advanced energy/propulsion systems, (e.g. an advanced
SCES, a diesel SCES, a secondary Lithium~ battery, or an artificial gill).
M4ission details as well as scme Advanced Undersea Vehicle technology itenis can
only be addressed at a higher classification level.

Program to Ccz~letion:

-This is a continuing program.



AMENDED FY 1988/1989 BID2Z7AL BUDGET
RDT&E DESCRIPTIVE SLMWY

Program Element: 0603226E Title: Experimental Evaluation at Mdior
Innovation Technologies

Project Nunber: EE-18 Budget Activity: 2. Technoloa Base
Project Title! Advanced Undersea Technology (AUT)

D. WORK PERFO-MED BY: Major contractors are Rockwell International,
Scieitafic Pesearch Laboratories, the Applied Physics Laboratory of the Johs
Hopkins University, National Bureau of Standards, Decisions Sciences, Inc. and
the University of New Hampshire.

E. CMIPARISON WIT1 FY 1988 DESCRIETIVE &U2RY: No change.

F. PROGRI- DOLM-'7ATION: Not Applicable.

G. 1111ESTMNE SCHEDULE:

Plan Milestone

Sep 1988 Ccxplete critical on-going technology dcmonstrations in
hydrodynamics and cmrunications.

Sep 1988 Demonstrate adaptive autonomous vehicle technologies.

H. RELATED ACTMTIS: Not Applicable.

I. O7TIER APPROPRIATION FUNDS: None.



AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0603226E Title: Eyperimental Evaluation of
Project Number: OEE-19 Major Innovativi Technologies
Project Title: Advanced Cruise Missile Budget Activity: 2. Advanced Technology

Technology Development

B. BRIEF DESCRIPTION OF PROJECT: Program explores high risk/high payoff

advances in propulsion technology program for the next generation of cruise missiles.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program:

Combined DARPA ELITE program for high temperature
turbine components with USAF Experdable Turbine
Technology Components (ETEC) program.

Redesigned USAF lab engine as test bed for Carbon-Carbon
(C-C) turbine demonstration.

Completed high temperature tests of C-C coatings/high
stress tests of rotor blades.

FY 1988 Planned Program:

Hot spin at 3100F of full size turbine rotor.
Fabrication of six turbine rotors for USAF ETEC
program.
Fabrication of modifications to raise temperature
of ETEC engine to evaluate C-C turbine.

FY 1989 Planned Program:

Assemble modified ETEC engine with C-C turbine and run
at elevated temperatures.

Program to Completion:

Develop validated engineering data to permit design
of high performance CM engines for subsonic and
supersonic applications.

D. WORK PERFORMED BY: LTV Aerospace, Dallas, TX.

E. RELATED ACTIVITIES: None.

F. OTHER APPROPRIATED FUNDS: None.
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AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE SUMMARY

Program Elemcrt: #0603226E Title: Experimental Evaluation of
Project Number: OEE-24 Major Innovative Technologies
Project Title: Advanced Short Takeoff/ Budget Activity: 2. Advanced Technology

Vertical Landing Development

B. BRIEF DESCRIPTION OF PROJECT: Program is designed to demonstrate the
feasibiliti" of high performance supersonic aircraft with vertical lift capabilities

C. PROGRAkY ACCOMPLISHMENTS AND PLANS:
FY 1987 Program: (funded by Nunn Quayle and Balanced Tectnology
Initiative)

Ccnceptual aircraft designs for national NAY/USM.C missions.
Conceptual engine designs for ASTOVL aircraft using modern
engines.
Fabricate and test of scale model aircraft in wind tunnels.
Design and test of test rigs to explore ASTOL unique
nozzles, inlets, etc.
Definition of a STOVL technology testbed to explore
propulsion issues.
Negotiated data exchange with UK on complementary
investigations.
Cooperative task with USAF for high temperature tests
on USAF engine.

FY 1988 Planned Program:
Computer performance simulation of DoN/USMC
conceptual aircraft designs.
Laboratory tests of hot gas flow from ASTO1L
nozzles/scaled aircraft.
Wind tunnel test of E-7 scale model aircraft.
Flight test on NASA YAV-8B of STOVL flight controls
experiment.
Computer simulation of propulsion control architecture.
Develop criteria for demonstration aircraft.

FY 1989 Planned Program:
Develop rationale for demonstration aircraft.
Define critical technologies for validation.
Explore possibility of joint participation MOV with
UK in demonstrator fabrication.

Program to Completion:
Fabrication and test of demonstration aircraft.

D. WORK PERFORMED BY: General Electric, Evendale, OH; Pratt & Whitney,
Palm Beach, FL; McDonnell-Douglas Aircraft Company, St. Louis, MO; Lockheed
Aircraft Corporation, Burbank, CA, NASA Ames Research Center, Sunnyvale, CA;
and NASA Lewis Research Center, Norfolk, VA.

E. RELATED ACTIVITIES:
U.S./UK Memorandum of Understanding, Supersonic STOL Research
Program Element # 0603790D, NATO Cooperative Program
Program Element 0 0603737D, Balanced Technology Initiatives

F. OTHER APPROPRIATION FUNDS: None.
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AMENDED FY 1988-1989 BIENNIAL
RDT&E DESCRIPTIVE SUMMARY

Program Element: 00603226E Title: Experimental Evalu'ition of
Project Number: #EE-25 Major Innovative Technologies
Project Title: Tactical Airborne Budget Activity: 2. Advanced Technology

Laser Communication Development

B. BRIEF DESCRIPTION OF PROJECT: Program will assess the military and
technological utility for cowrunications between submarine and airborne
platforms using laser transmitters.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program: N/A.

FY 1988 Planned Program:

Define the operational utility of proposal system for
several submarine missions.
Define the technology requirements for air and
submarine mounted lasers and optical receivers.
Develop environmental models and conduct testing of
laser uplines to determine feasibility of such systems.

FY 1989 Planned Program: N/A.

Program to Completion:

To be determined as a result of testing in FY 1988.

D. WORK PERFORMED BY: Not Selected.

E. RELATED ACTIVITIES: None.

F. OTHER APPROPRIATION FUNDS: None.
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A.•£NDED • 198•-1989 BIE•P•AL
P•TbE DESCRIPTIVE SL•ARY

Progra• Element: #0603226E Title: Experlmemtal Evaluation of
Project Number: #EE-29 Ma•or Innovative Technologies
Project Title: Low Observable Budget ActivltS: 2. Advanced Techno]ory

Technology Base Deve]opment

B. BRIEF DESCRIPTION OF PROJECT: Program is des•:•ned to develop and
demonstrate the applications of low observable technolo•: to prototype systems.

C. PROG•LH ACCOMPLIS•NTS AND PLANS:

FY 1987 Prosram: N/A

F• Planned 1988 Prog!_am•

Conceptual technlques will be valldateZ •n small
scale tests.

FY 1989 Planned Prosra•n_:
During FY 1989 applications that show •r•mise in the
FY 1988 testing program will be continued.

?r0•ram to Completlon:
Continue to develop and demonstrate Io• observable
technology techniques for prototype app•±carlons.

D. WORK PERFOrmED BY: Institute for Defense Anal•s, Alexandria, VA;
General Image Engineering, Salt Lake City, b•; Photon RL•arch •ssoclates,
Los Angeles, CA; and Naval Research Laboratory, Washlngt•m, DC.

E. RELATED ACTIVITIES: None.

F. OTHER APPROPRIATION FUNDS: None.



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: #0603226E Title: Experimental Evaluation Project
Number: EE-21 of Major Innovative Technologies
Project Title: Armor/Anti-Armor Budget Activity: 2. Advanced Technology

Development

A. RESOURCES: (S in thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate Estimate Progran

Armor/Anti-Armor 2,300 18,282 44,000 Continuing

B. BRIEF DESCRIPTION OF MISSION REQUIREMENT AND SYSTEM CAPABILITIES:

In late 1985 the Defense Science Board reported that Soviet Armor and
Anti-Armor had improved dramatically. Their conclusion was that we are behind
and falling further behind in this area. Later as3essments indicate a
worsening of this situation.

Requirements driven by this situation are Free World improvements in
both light and heavy armor to provide significantly improved protection at
reduced weight. In addition, kinetic and chemical energy warheads that will
defeat current and planned Soviet armors must be developed rapidly. In
response to these requirements, the Secretary of Defense tasked the Defense
Advanced Research Projects Agency (DARPA) to lead a joint DArPA/Army/U.S.
Marine Corps advanced research program to enhance the state-of-the-art in blue
protection and penetration technology and lay the basis for a competitive
modernization rate.

C. PROGRAM ACCOMPLISHMENTS AND PLANS:

FY 1987 Program:

- Initial contractor tests of light and heavy armor and
chemical energy warheads completed.

FY 1988 Planned Program:

- Perform ballistic analysis of program products at the

Advanced Technology Assessment Center at Los Alamos, NM.

- Identify technology candidates for near term applications
and put them on a "fast track" for Service transition.

FY 1989 Planned Program:

- Continue promising development efforts to support competitive

modernization rate.

%4



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Program Element: '#0603226F Title: Experimental. Evaluation of Major
Project Number: EE-21 Innovative Technologies'
Project Title: Armcor/Anti-Armor Budget Acti'vity: 2. Advanced Technolo7gy

Development

Program to Completion:

- Defense Advanced Research Projects Agency, Army, US Marine
Corps Memorandun of Understanding is for five years, ending in
FY 1990.

- Certain program technologies will be "harvested" as soon -z
FY1988-1989. However, due to the open-en~i-d natur,! -f t1nc
threat, this is a continuing program.

D. WORKC PERFORMED BY: The major performers are DuPont C,-rposites,
Wilmington, Delaware; ALCOA Defense Systems, ALCC.A Center, !-"syivafliz;
Honeywell, New Hope, Minnesota; FMC Ordnance, San Jose, Cal-Ifornia, Gt 1
Motors Military Vehicle, Indianapolis, Indiana; General Dynam i ý
Systems, Warren, Michigan; .rd General Electric, Pittsfield, M. .- ret-

E. COMPARISON: WITH FY 1988 DESCRIPTIVE SUM.MARY:

IMPACT 01' CHANGES

Schedule Budget Year
CHANGE Schedule Change Cost

Not available.

NARRATIVE DESCRIPTION OF CHANGES

None.

F. PROGRAM DOCUMENTATION:. Not applicable.

G. MILESTONE SCHEDULE: Not available.

H. RELATErD ACTrIVITIES:

Program Element 0602702E/Project TT-04. Armor/Anti-Armor Research and
Electromagnetic Gun.

1. OTHER APPROPRIATION FUNDS: None.



AMENDED FY 1988-1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SMIARY

Propram Elenent:# 0603226E Title: Experimental Evaluation of
Project Number: EE-23 Maior Innovative Technologies
Project Title: Enhanced Fighter Budget Activi.ty: 2. Advanced

Maneuverability Technology Development

A. RESOURCES: ($ in Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate Estimate Progra_

X-31A 0 15,000 20,000 80,900

B. BRIEF DESCRIPTION OF MISrZON REQUIREMENTS AND SYSTFM CAPABILITIES; The
Enhanced Fighter Maneuverability (EFM) program will integrate and demonstrate
a number of emerging technologies that collectively have the potential to
significantly increase fighter aircraft agility and to improve close-in combat
(CIC) exchange -atios. The technical challenge is to produce a low-cost
flight vehicle that will demonstrate the payoff of high agility at high angles
of attack, using thrust vectoring, integrated flight and propulsion control
systems, and tailored configuration design. Two flight demorstrator aircraft
will produce data on the technical and military implications of post-stall
maneuvering provided by EFM. Flight test will provide both research data for
the relatively unexplored flight regime at high angles of attack, and will
also provide a preliminary tactical assessment of #ost-itall maneuvers for
close-in aerial combat. A low-cost approach to flight demonstrators will be
used, and a data base for such proof-of-concepts flight vehicles will be
generated for future application.

C. PROGRAM ACCOMPLISHYFNTS AND PLANS:
FY 1987 Program: This prcgram was initiated and funded in FY 1986 and FY

1987 as a joint program with the Federal Republic of Germany under the
Nunn-Quayle NATO Cooperative Recearch and Development Program. FY 1987
efforts were primarily centered on initiation of the Concept Validation and
Design phase (Phase Two) of the program, establishment of a vehicle prelimin-
ary design, and conduct of a Preliminary Design Review.

- Concept feasibility phase completed in early FY 1987.
- Phase Two (vehicle design) contract initiated.
- initial series of wind tunnel tests were conducted.
- Studies in crew protection and advanced cockpit design.
- Preliminary Government Furnished Equipment (rFE) list compiled.
- Discussions were conducted on the work split between Rockwell

International and Messerschmitt-Bolkow-Blohm (MBB).

%%



AMIENDED FY 198P-1989 BIENNIAL BUDGET
RDT&E DESCPIPTIVE S•V:ARY

Program Element:# 0603226E Title: Experimental Evaluation of
Project Number: EF-23 Major Innovative Technologies
Project Title: Enhanced Fighter Budget Activity: 2. Advanced

Xaneuverability Technology Development

FY 1988 Planned Program:
- Detailed design of vehicle will be completed.
- Gerwan work packages will produce completed designs for the wing,

flight control, and thrust vectoring systems.
- Phase Three (fabrication) and Phase Four (flight test) planning will be

conducted.
- Long lead time items and preliminary tooling will be acquired to

support fabrication phase.
- Phase Three proposal submission, fact finding, and contract

negotiations will occur late in the fiscal year.
FY 1989 Planned Program:
- Activities centered o= Phase Three fabrication and assembly of the two

X-31A demonstrator aircraft.
- Low cost experimental shop fabrication and assembly techniques will be

documented for use by other programs.
Program to Completion:
- Fabrication, assembly, and ground testing of both X-31A aircraft will

be completed at the Rockwell International facility in Palmdale, CA.
- Phase Four flight test program will be conducted at the Naval Air Test

Center, Patuxent River, MD.

- First flight of the X-31A in late CY 1991.
- Envelope expansion flights will be followed by preliminary tactical

utility evaluations.
- New tactical maneuvers will be evaluated with similar (both X-31A

aircraft) and dissimilar aircraft participating.

D. WORK PERFORMED BY: Rockwell International Corporation, Los Angeles, CA;
General Electric Corporation, Lynn, MA; Sperry Honeywell, Albuquerque, N.M.;
Naval Air Test Center, Patuxent River, MD; Naval Air Development Center,
Warminster, PA; and NASA Langley Research Center, Hampton, VA.

E. COMPARISON WITH FY 1988 DESCRIPTIVE SlMMARY:

IMPACT OF CHANGES
Budpet Year

Change Schedule Schedule Change Cost

Cost: The additional funds Funding available $10,000
partially address a results in a first
a budgeting shortfall flight slip of
for the Phase Three approximately two
fabrication and assembly years.
effort.

S.~ .. . . .



AMENDED FY 1988-1989 BIENNIAL BUDGET
RDT&E DESCRIPTTVE SUMMARY

Program Element:# 0603226E Title: Experimental Evaluatior of
Project Number: EE-23 Ma4or Innovative Technologies
Project Title: Enhanced Fighter Budget Activity: 2. Advanced

Maneuverability Technology Development

NARRATIVE DESCRIPTION OF CHANGES

COST CHANGES: The increased cost estimate for the program reflects: 1)
an insufficient budget estimate for GFE; 2) unbudgeted costs associated with
multinational management, design, and development activities; and 3) a firm.
cost proposal for the Phase Three fabrication and assembly effort.

F. PROGRAM DOCUMENTATION: Not applicable.

G. MILESTONE SCHEDULE:

Plan Milestones

Jul 1987 Preliminary Design Review
Jun 1989 Critical Design Review .
Jun 1991 Flight Readiness Review
Dec 1991 First Flight

H. RELATED ACTIVITIES:
- EFM Memorandum of Agreement between DARPA and the West Germar Federal

Ministry of Defense is the governing document addressing U.S. and West German
financial commitments to the program.

- A Supermaneuverability Steering Group has been established between
DARPA, NASA, the Navy, and the Air Force to coordinate research and technology
demonstrations in the area of high angle of attack flight and to provide a
mechanism for disseminating X-31A generated data on post-stall maneuvering.

I. OTHER APPROPRIATION FUNDS:
Program Element 0603790D: NATO Research and Development Program funds:

($ in thousands)

FY 1986 FY 1987

10,500 21,000



AMENDED FY 1988/1989 BIENNIAL BUDGET
MYr&E DESCRIPTIVE SUMMARY

Program Element: #0603226E Title: E~cperinental Evaluation
Project Nu~mber: #EE-26 of Major Innovative T1echnologies
Project Title: Hyi~ersonic Weapon Technology Budget Activity: 2. Advanced

Technology Developmrent

A. RE-SOLJRCES: ($ in thousands)

Title FY 1987 FY 1988 FY 1989 Tbtal
Actual Estimzate EstiimatePrga

Hypersonic
Weapon Technology $ 0 *$25,000 $25,000 $230,500

B. BR1~' DESCRIPTION OF MISSICV REQUIREKUS AND) SYSMEI CAPABILITIE: The
proposed Hypersonic Weapon Technology (HWy) Program is a research and
develcorent effort to design, fabricate and demonstrate a robust capability for
milti-mission air defense. This program will develop the necessary weapon and
surveillance technologies for medium and long range air defensa. KITr draws
together several of the DARPA technology programs, such as the Advanced X-Band
Intercept Sensor (AXIS), the Global Positioning System (GPS) Guidance Program
(GGP) and the Miniature GPS Receiver (MGR) programs, into a total integrated
concept. All FY 1988 and out-year efforts described below are contingent on a
Memorandum of Agreerent being signed by two~ Services and DARPA, and their joint
concurrence on this work.

C. PROGRAM ACOPIIET AND~ PLANIS:

FY 1987 Program :The BIT Program had several weapon sensor and guidance
technology efforts on-going in FY 1987. Major program accoplishitents during
that period were as follows:

- Awarded Phase I AXIS contract to Raytheon for an X-band conformal
array radar development, acquisition of real world X-band radar clutter data
and clutter suppression algorithmn verification.

- Established the Integrated Guidance System (IGS). This system is
canposed of an AXIS radar, a MGR and high performance fiber optic gyro-based
inertial mreasuremrent unit (GGP).

-Issued a broad area announcerrent (BAA), evaluated nine industry
bids, and selected three contractor teams to develop a GGP within a 3-4 year
tirnif rame.

-Issued a BAA and awarded five contracts to define advanced anti-air
and precision surface strike weapon system concepts that might utilize ICS and
advanced hypersonic technologies.

* FY87 and prior year funding out of Project EE-16, Long Range Air Interceptor
Eq~erizrent (WORAINE) Program



AHMED FY 1988/1989 BIRNIAL BLDGET
RDT&E DESCRIPTIVE SlUMARY

Program Element: #0603226E Title: Experimental Evaluation
Project Number: #EE-26 of Major Innovative Technolcies
Project Title: Hypersonic Weapon Technology Budget Activity: 2. Advanced

Technology Development

- Completed comparisons of ramjet-powered and rocket-powered anti-air
interceptors. The perfonance model for the latter vehicle was based on the
Sandia Winged Energetic reentry Vehicle Experiment (SWERVE).

- Determined appropriate materials and material processing for
conformal antenna element windows for hypersonic weapon radars.

FY 1988 Planned Program: The following major activities are planned for

the new HWT project in FY 1988:

- Memorandum of Agreement for Hir signed by two Services and DARPA.

- Begin the AXIS monolithic microwave integrated circuit (MMQC)
transmit/receiver (T/R) modules fabrication.

- Raytheon, SANDIA and Lockheed will begin the design of the sensor
pallet and begin fabrication.

- Develop and assess three separate designs for GGP. Select two best
concepts for fabrication phase of program. Begin development of key GGP
omxonents.

- Obtain selected MGR integrated circuit chips and assess performance
in GPS testbed for geo-location sensing.

- Solidify mIti-mission air defense requirements. Rqsolve all
ioutstanding issues concerning targets/threats, survivability,C"I

interoperability and weapon launch.

- Ccrplete five anti-air and precision surface strike weapon studies.
Assess their performance in meeting multi-mission air defense requirents.

- Conduct a statement of interest briefing and request for proposal
for the design and fabrication of the most promising mission concept.

- Evaluate received proposals and select contractor(s) for
multi-rission demrzstration program.

FY 1989 Planned Proaram: Based on the results of FY 1988, the following
activities are planned for FY 1989:



AMENDED FY 1988/1989 BI'IAL BUDGET
RDT&E DESCRIPTIVE SUMMARY

Proqram Element: #0603226E Title: pcperimental Evaluation
Project Number: #EE-26 of Major Innovative Technologies
Project Title: hlýýrsonic Weapon Technology Budget Activity: 2. Advanced

Technology Development

- Continue the development of the GGP piece parts and evaluate
completed items. Begin assembly of high performance brassboard inertial
measurnent unit.

- Begin upgrade AXIS l'?1C T/R modules.

- Assemble mediun performance GGP unit for early urmanned vehicle
demonstration.

- Develop MGR performance capability to meet strike weapon
maneuverability requirTents.

- Continue fabrication of AXIS sensor pallet.

- Initiate multi-mission air defense demonstration program.

- Initiate technology programs required to support above
demonstration program.

Program to Completion: This is a oontinuing program.

D. WORK PER2FOR4D BY: The major contractors performing work on HWT are:
Sandia National Laboratory, Albuquerque, NM; Raytheon Company, Bedford, NA;
Texas Instrzrents, Dallas, TX; Lockheed Missiles and Space Company, Sunnyvale,
CA; Martin Marietta Corporation, Orlando, FL; McDonnell Douglas Astronautics
Ccq~any, St. Louis, MO; Boeing Aerospace Ccmpany, Seattle, WA; and General
Dynamics, San Diego, CA.

E. CQMPARISON WITH FY 1988 DESCRIPTIVE SUMMARY: The FY 1988 DARPA
Descriptive Summary discussed only the 10RAINE program. Congressional guidance
combined the Navy Hypersonic Wide Area Defense Missile and the Air Force Boost
Glide Vehicle Programs with the DARPA LORAINE effort to form HWT.

F. PROGRAM DOCU4UTnATICtN: Not applicable.

G. MILESTONE SCHEDULE:

Plan Milestone

Sep 89 Medium performance GGP built.

Dec 89 Multi-mission air defense demonstration program begins.

• II I I



AEDDFY 1988/1989 BIENNIAL BUDCET
RDT&E DESCRIPTrIVE SLIM~VRY

Program Element: #0603226E Title: pc~ietl.Eauto
Proj ect Nurber: #EE-26 of Major Innovative Technologies
Project Title: Hypersonic Weapo~n Technology Budget Activity: 2. Advanced

Technology Development

Sep 90 High performance GG built.

H. REATED) ACTIVITIBIE: There are no related activities in this arvra.

I. O=~ APPROPRIATION~ FUND~S: None.



AMEnD FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SUHMARY

Program Element: #0603226E Title: Experimnental Evaluation of Major
Project Mzrber: EE-27 Innovative Te(Jho.!.'es
Project Title: LIGCTSAT Budget Activity: 2. Advanced Technolocg

Develcpmrent

A. RESOMUCIS: ($ in thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate Estimate oam

LIG•TSAT 0 * $35,000 $34,000 $234,000

Funded out of Project ST-14, PE 0602301E in FY 1988.

B. BRIEF DESCRIPTIION OF MISSION R=UREIRM1L AND SYSTeM CAPABILITIES:

The primary and inmediate goal of the ASTP is to develop low cost
expendable launch vehicle systems capable of placing 400 to 1500 pound
spacecraft into low earth orbit. Availability of such vehicles would enable a
launch on demand capability to meet the needs of rapidly evolving military
situations and would limit the dependency of the U.S. on today's large and
capa le but vulnerable and relatively inflexible space forces.

DARPA expects to demonstrate small inexpensive boosters and lightweight
lcw orbit satellite systems, austere but responsive to the commander's needs,
with on-orbit costs on the order of one-tenth those of current national
systems.

LIG!TSAT payloads are being developed for 5MF cTmhunications relay,
digital data store and forward and reconstitution of GPS. LIGHTSAT launch
vehicles will be small enough to be road/rail or air =rbile; a fleet of
boosters located in the U.S. would achieve survivability by dispersal, and
would be launched as needed by the operational commander. LIGITSAT ground
stations would be small and sinple enough to be mobile in the theater; no
tracking dish antenna will be needed.

A secondary LICITSAT goal is to demonstrate on orbit new technology and
techniques which could allow major cost savings for national satellite systems
as well.

The first LIGHTSAT payloads, a UHF data and cmunication system, will be
launched by an interim Small Launch Vehicle (ILV) bas'd on wll-understood
current technologies, to allow early demonstration and test of the new payload
concepts. Later payloads will be launched by a Stanlard Small Launch Vehicle
(SSLV) with larger payload capability.

C. PROGRAM ACCOMPLISWMITS AND PLANS:

FY 87 Program: This program does not begin until FY 1988.



AZ2ThD FY 1988/1989 BI~12IAL BUDGET
MTY&E DESCRIPTNIE S1MARY

Program Elemevnt: 10603226E Title: Experiliental Evaluation of Major
Project Mzrber: EE-27 Inno~vative Technologies
Project Title: IJMITAT Budget Activity: 2. Advanced Technology

Develcoirent

FY 1988 Planned Program

- Begin design of ILV. Conduct engine and caqonent tests.
- Exaimine air launched options
- Conduct &sign carpetition for SSLV; select one or Mtre SSLV

designs and begin manufacture.
- Begin design and manufacture of first LIG1TSAT payload.
- Canplete plans for operational tests in EUCXI4.

*Funded ouit of Project ST-14, PE 0602301E in FY 1988.

FY 1989 Planned Program:

- Coarplete booster engine ground tests.
- Carplete guidance and control design and fabrication.
- Corplete SSLV design and begin fabrication.
- Canplete first LIGHTSAT payload fabrication and ground tests.
- Couplete ILV fabricat-ion and ground tests.
- Conduct first launch and test program.

Program tW Czipletion:

- Evaluatte results fran first LIGHTSAT experiments.
- Ccmplete design, fabrication, test, and launch of SSLV.
- Develop further LIan'rSAT payloads for on-orbit demnstration.
- Transition czrpleted system to appropriate Service for quantity

buy.

D. WWVR PERF) BY: ILV contractor not available; will be cxirpeted.
Initial payload design by Defense Systems, Inc. Interim engineering support by
MCS Corporation.

E. * 1PAJRISOt WIMh FY 1988 DESSCMPTIVE StHRY: New program not included in
last year's Descriptive Sumexay.

F. PICIGAM DICILMENMTIOtJ: W~t Applicable.

Plan Milestone

Jan 88 System Engineering Solicitation
Feb 88 ILV Solicitation
Feb 88 Broad Agency Announoefent for Air Launched Option
1,0ar 88 SSLV Solicitation
Mar 88 ILV Award



AMEND FY 1988/1989 BIENJIAL BUDGET
P=I&E DESCRIP1'VE StH4ARY

Program Element: #0603226E Title: Experiment~al Evaluation of major
Project ~Number: EE-27 Innovative Technolqgibs
Project Title: LIG~rSAT Budget Acti-vity: 2. Advanced Tlechnology

Developrent

mar 88 Spacecraft Broad Agency Announcen-nt
Apr 88 SSLV Award
Aug 88 SSLV Developiment
Jul 89 ILV - initial launch
Jan 90 SSLV - initial launch

H. RELATED) ACTIVITES: The ASTP is intentionally independent of other boost
vehicle and spacecraft and developnent program approaches in order to achieve
its goals of short development timre, low cost, and utilization of available
tzchnology in the morst straightforward ma~nner possible.

1. OfIER APPROPRIATION~ FUNDS: None.



AMENDED FY 1988/1989 BIENNIAL BUDGET
RDT&E DESCRIPTIVE SWIARY

Program Element: #0603226E Title: Eperimental Evaluation of Major
Project Number: EE-28 Innovative Technologies
Project Title: UrmkLned Undersea Budget Activity: 2. Advanced Technology

Vehicle Developuent

A. RESOU3: ($ in thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estirate Estimate P am

UUV Prototype 0 $25,000 $10,000 11MD

B. BRIE' DE= TIIrION OF MISSICN REQUIRDEIN AND SYSTE4 CAPABILITIES: The
objective of this program is to develop and demonstrate concepts for operation
of Unmanned Undersea Vehicles. Two specific missions are to be demonstrated.

C. PROGRAM ACCC•PLISHMENIS AMN PLANS:

FY 1087 Program: Not Applicable (New Start).

EY 1988 Planned Pr am:

- This year the program is designing and cacmencing fabrication of a
UUV. The system perforamnce specifications for the UUV and that ndssion are
being develop, a competitive procurenwnt for the mission subsystem and
integration is to be completed, and mission subsystem design is cauencing.
Studies are refining the operational concepts.

FY 1989 Planned Program:

- During FY 1989 fabrication of the UUV and the mission subsystem
will be ccrpleted, including testing at the ccicrnent and subsystem level.
In-water testing of the UUV will be corpleted. Integration of the mission
subsystem into the vehicle will camrence, leading to a full demonstration of
an operational enviroarent in FY 1990.

Program to Cc1wletion:

- Cozplete demonstration in an operational envirornent.
- Develop and demonstrace vehicle.

D. WORK PERFOTn¶ BY: Major oontractors are the Charles Stark Draper
Laboratory and the Applied Physics Laboratory of the John Hopkins University.
Competing contractors include Gould, Honeywell, Lockheed, Martin Marietta,
Rockwell International and Westinghouse.

E. C A21SO~ •qWITH Fli 1988 DESCRIPTIVE SMLARY: Not Applicable (New Start".



AMMD FY 1988/1989 BIENNIAL BUDGT
VT&E DESCRIPTIVE SUCMARY

Program Element: #0603226E Title: Dcperimerntal Evaluation of Major
Project Number: EE-28 Innovative Technologies
Project Title: Unmrefned Undersea Budget Activity: 2. Advanced Technology

Vehicle Developmrent

F. PROGRAM =IUENTATION: Not Applicable.

G. MOLES'ONE SCHEDtUE:

Plan Milestones

FY 89 First UUV Ccmpleted

FY 90 Second UUV Campleted

H. RELATED ACTIVITIES: Not Applicable.

I. OTHER APPROPRIATION FNDS: None.

i\



ANODED FY 1988/1989 BIEALh BUDGET
RDT&E DESCRIPTIVE SUZ1IARY

Program Element: 0603227E Title: Strategic Relocatable Tar-et
Budget Activity: 2. Advanced Technolo9 U

Developrent

A. RESOLTE: ($ In Thousands)

FY 1987 FY 1988 FY 1989 Total
Title Actual Estimate Estimate Program

Strategic Relocatable Targets 0 5,000 15,400 Continuing

B. BRIEF DESCRIPTION OF MISSIOU REQUIREMENT AND SYS=T?1 CAPABILITIES: This
program, element was created to provide a capability to attack relocatable
targets with U.S. strategic forces. The DARPA program is dedicated to advanced
experimrentation and analysis to develop means of detecting and identifying
mobile Inter-Continental Ballistic Missiles (IO4s) as well as other strategic
relocatable targets, and has extremly high leverage on future strategic plans.
The capability to hold these mobile ICWs at risk requires successful execution
of search, detection and identification processes; ccmmunication, cannaxd and
control processes to direct weapons to these targets; and weapon delivery and
kill.

One of the most difficult technical issues associated with holding Soviet
nobile ICB1s at risk is the detection of these targets in an operational
environment. Because these targets are mobile, kncwledge of their location
mrust be maintained cn a near real-time basis or reacquired prior to weapon
release. The rail-mcbile SS-24 takes advantage of its indistinguishability
from other railroad cars located on the Soviet rail network. To direct a
weapon systen against these targets, they must be geolocated with an accuracy
better than the kill-radius of the weipon. This progrgamn elIrnt includes
experimentation and analysis, and puts strong eaphasis on building a scientific
base in detection and identification signatures, sensors and processing. Thn-
accompanying analytic effort will develop robust detection a•'d identification
algorithms. Operational effectiveness analysis will also be conducted to
develop analytical models to assess alternative system architectures.

C. PROGRAIN ACO LISIMEIM AND PLANS:

FY 1987 Program: Not applicable - thisiis a new start in FY 1988.

FY 1988 Program: Major elements of this program have been initiated this
year:

- The first effort is to understand the fundamrental characteristics
of the detection process of targets in a cluttered envirorrrent. The work is
being perfor•red by the Lincoln Laburatory of Massachusetts Institute of
Technology (MIT/LL) and will include the development of analytical methods
which will be verified by flight testin; of existing/modified develcpipntal
sensors against real vehicles. Flight tests will be conducted in conjunction
with Service S•r tests in addition to calibration/verification testing
necessary for the developrent of sensor mrodels.



AMENDED FY 198S/1989 BIENNIAL BUDET
RDT&E DESaCRIPThE SUI-?fIRY

Program Elernt: 0603227E Title: Strategic Relocatable Target
Budget Activity: 2. Advanced Xechnoiogv

DeveI2oment

- Additional systems effectiveness analysis will be performed in
support to the DoD Relocatable Target Steering Panel. This includes
developzmet of nethodologies to evaluate candidate operational concept-s, and
establishmnt of a structured plan to assess various systens, force structures,
capabilities and cost tradeoffs.

FY 1989 Planned Program:

- The MIT/LL effort will conduct extensive flight testing of
developmental sensors against targets in clutter. The flight testing will
include millimeter wave radar, laser radar and high resolution infrared
sensors. Flight testing will be conducted in varying clutter conditions, and
seasonal clinmatic conditions and will support the sensor/target mocdellinc
required foz extension of the sensor performance to other target and sensor
conditions.

- The competitive eftort will be conducting laboratory and some
limited field e-xperimrents. These experiments will use existing or nr-dified
sensors to gather background data. The laboratory and field data will be usod
to compute probabilities of detection and area coverage required by operational systi

- Additional systems effectiveness analysis will be conducted to
incorporate detailed sensor technical data.

D. WORK PERFOME BY: Massachusetts Institute of Technology/Lincoln
Laboratory, Lexington, MA; TOYON Research Corporation, Santa Barbara, CA.

E. COX'TARISON WI7! FY 1988 DESCRIPTUVE St•,IRY:

IMPACT OF CHANGES

Change Schedule Schedule Change Budget Year Cost

Oost Signal Measurements of FY 1990 $-2.0
Targets in Clutter

NARRATIVE DESCRIPIPON OF CHANGES

Decrease due to an internal agency adjustment will result in delay of scme
signature measurents of targets in clutter until FY 1990.

F. PROGPAM DICtMERATION: Not applicable.

G. MILESTONE SC1iOU1Z:



AMEND•D FY 2988/1989 BIENNAL BUDGET
RDT&E DESRIPTVRE SLM4kARY

Program Elen*rnt: 0603227E Title: Strategic Relocatable Target
Budget Activity: 2. Advanced Technology

Developnient

Plan Milestones

Mar 1988 Target Signature ?easuLr-rent (SAP, IR, Laser Radar)
Jun 1988 Clutter Miasur•cernts
Jul 1988 Sumrer Target Signature Measurnrts
Oct 1968 Air Force Collection Excrcise Participation
Dec 1988 Technology Roadap Developed for DoD
Jan 1989 Winter Target Signature Measurevmnts
Feb-Oct 1989 Additional Signature Measurements of Target in Clutter

Environzment
Jul 1990 Sensor Testbed Develcpment Begins
Jul 1991 Prototype Decision

H. RELATED ACTI'IVTITS: This program is overseen directly by a Departmrent of
Defense Steering Crruttee consisting of representatives fror the AnT-y, Air
Force, Intelligernce Comuinity, Joints Q-aefs of Staff, Office of the Secretary
of Defense, and Defense Advanced Research Projects Agency.

The program is closely coordinated with t~he Air Force Program Elem'nt On
Relocatable Target Capability (P.E. 63367F). The DARPA program takes advantage.
of these Air Force exercises to test new technologies ard cocrcdinates with the
Air Force Wright Ae utical Laboratory on developrent of new autcratic target
using techniques.

This work is coordinated with PE 0602301E, Advanced Oxncepts (Project
ST-01) and Broad Area Search (Project ST-13). In. acdto, tOius project will
capitalize on the research efforts achieved in other DARPA programs. Exarples
of programs include: Smart Weapcons, Autonomous Infrared Sensor Technology
(AIRS=]OI), Millimeter Wave (MýW) Autonarcus Sensor, Advanced Digital Rada-r
Imagery Exploitation (ADRIES), Strategic Ca.ting and Tactical Use of Natioral
Technical ýMeans (TA )IT}.

I. OHER APPROPRIATION FUN)S: None


