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Fv 198« PDT&F DFECRIPTIVE SVffA.PV 

Prroram Flement:  6]101E 
DSDR&E Kission Area SlO Title:  Defppsf Ppseirch Sciences 

Budget Activity: U Techrolo'gy Base 

PESCURCES (PROJECT I'TSTIND ; _ (S in Thousands) 

Project 
Number 

MS-1 

ES-1 

DRH-1 

CCS 

CC?-1 

CCS-P 

CCS-3 

UDR-l 

UDR-2 

Title 

TOTAL FOP PPOGPAM ELEMENT 

Materials Sciences 

Electronic Sciences 

Systems Sciences 

Crir.puter and Coimrunl cat ions Sciences 

Intelligent Systems 

Advanced Dioital Structures 
and Network Concepts 

Kodernizatjon Technology 

Unconventional Detection 
Research 

Power Source and Extra 
Hypervelocity Technology 

DP.T-1    Target Penetration Research 

18,303 

10,51? 

8,698 

7,627 

-0- 

1,235 

c/ -0- -0- -0- 

18,645 24,800 24,200 Continuing 

10,200 9,400 9,400 Continui ng 

5,350^/ -n- -0- -0- 

-0- 5,000 5,400 Continuing 

2,200 2,100 2,600 Continuing 

FY 1984 
Actual 

FY 198? 
Estimate 

fit 1986 
Estimate 

FY 198V 
Estimate 

Additional 
to Completion 

Total 
Estimated 

Costs 

111,913 80,700 92,600 97,900 Continuing N/A 

14,340 la^ioo^ 17,900 21,375 Continuing N/A 

20,863 Ifi^OO-7 16,175 18,450 Continuing N/A 

12,891 12,815 14,925 14,075 Continuing N/A 

103,893 

N/A 

N/A 

41,420 

N/A 

N/A 
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FY 1986 PDT&F DEFCPTPTIVE SUKKARY 

Program Element:  61]OIF 
ÜSDR6E Mission Area: 530 

Title:  pefprpe PF:Sf;arrh Seienees 
Budget Activity:  1.  Technology Base 

Project 
Number 

DPG-1 

DRS-1 

a/The Par. 
Organizat 
Technolog 

b/The Gal 
FY 1985 a 
Surveilla 

Title 

Cecphysiral Research 

Space Nuclear Power 

FY 1984 
Actual 

3,3 04 

5,340 

FY 1985    FY ]986   FY 1987     Additional 
Estimate   Estimate   Estimate   to Completion 

2,190 2,300 2,400 

-0- 

Continui ng 

-0- 

Total 
Estimated 
Costs 

N/A 

5,340 

er Countermeasure Materials Development Program was funded bv the Strategic Defense Initiative 
ion (EDIO) in FY 1985 under Program Element 63224C, Survivability, Lethalitv, and Kev Support 
f.     In FY 1986 and future years this program will be funded in this program element. 

Li«! Arsenide Technology Program and the Optical Components Program were funded by SDIO in 
nd all future yearc funds are also being requested by SDIO in Program Element 63220C, 
nee. Acquisition, Tracking pnd Kill Assessment. 

c/The Intelligent Systems Project for FY 1985 and out years was switched from this Program Element to 
623011, Strategic Technology, Project ST-ll, Intelligent Systems, in accordance w^th Conoreseional 
guidance m the FY 198^ Pefense Appropriations Act. 

z{o^r.HV^rV!10City Tpchrlnlo?v Program was transfered from UDR-1 to SPIO in FY T985 under Program Element 
lUl2  '   Kinp1"jc fWrW Weapons.  In FY 1986 and future years this program will continue to be funded by 

trai 

 , .i.., ,.,,. ..,,^.^y   .«-apvjiic-.  JH ri   j^nc ana   luture years tnis program will continue 
)IO.  The remaining programs accomplished in project UDP-l have been sufficiently sue 
-ansition them to project TT-3, Naval Warfare, in Program Element 62702E, startlno in 

cessful to 
FY 1986. 

r/The Space Nuclear Power Project was funded by SDTn in FY 1985 and all future year funds are also being 
requested by SDIO in Program Element 63224C, Survivability, Lethality and Key Support Technology. 
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Titlet PffprFr Ragearch 8cl«no»i 
Pudqpt Activity:  1.  Tgchnoloqy "B««« 

FY ]9R6 
Fst imate 

2,300 

-0- 

FY 1PP-? 
Estimatr 

2,400 

-0- 

Additional 
to Complotion 

Continuinq 

-0- 

Total 
Est imatpd 
Costs 

N/A 

5,340 

frdpd bv thm  Ftrategic Defersp Initiative 
lrvivahj]ity. Lethalitv, and Key Support 
landed in this program element/ 

Inonts Program wprp funded by FDIO in 
pniO in Program Flrment fi3220C, 

switched from this Program Element to 
!, in accordance VM th Conoressional 

to BDIO in FY 198 5 under Proqram Flement 
L« program will continue to be funded by 

I'e been sufficiently Rurcessful to 
ynt   62702E, startino in FY 1986. 

rr.d all future year funds are also being 
pality and Key Support Technology. 

<—i    ill—r 

nsslon For 
S     GRA4I 
'  TAB 

mcud 
■ iricfttloa 

-r 
;t>-ibutlon/ 

Ava. labUlty Code« 

Dlat 
Avail and/or 

Special 



1-" i 

I 

FY 1986 RDT&E DE^CriPTIVF f.UMKAHY 

Program Elrmpnt:  611018 
USDPSF Mission Arf'ii;  T30 Titlai  npfersr Rejearch Sciences 

Budget ActivityI  1.  Technoloav~Bnsp 

B.   P.PIFF DFFCRIPTION OF ELM^TMD WISgia NEED-- 

-dvanronrnts in-  raoid-BOlidifleatlon Z!«h^T«2 lriatPrials-rf':>^Pc' limitation« or barriers to 

composite. c«i«lSP"d äJ«"C^rL o^i^i.^rL!«?^1^ ^^  »•*»ri»1-' «»t.l^ttrl, 
and more heat reaiatant polymers and adhrHve^  ^;. , f w ?ou"termeasure materials; synthesis of stronger 
rates; and radar absorbing material' anS structnrS   lubrie«tioa' aerials  response at high strain 

STI^^äfE^; goa^or^cnstS^rth^r^a^bn}? ^"^  «^«^ ^ices, -d device 
implementing future clectror ic ^v^^f  L™ J^K      y ^ ^r°viäe  nfiw technical options for 
performance; survivebi ^tv? and c^r^auired of DoP ^ = .3 ' P3^^ en pursuit of unique combinations of 
integrated circuits, millimeter w^e Sf0^o.!L5onK O^it^^SJ« ^"f   ^^  dialtal 
either compound semiconductors or silicon- oVectrno^? circuits of submicron feature size utilizing 

f 
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FY 1986 RDTSE DESCRIPTIVE 8DMHARS 

Proorpir Flpinrnt:  bllCIF 
nSDP&K KlBBlor Arm; ■^30 Titlet  -jefense Pfsnarch Sclances 

B«df«t Artivit-y:  j.  Technolo'qy'Basp 

experimental con,puter resoorcea to improve rauareh productivity at the forofrort of computer science 
and developing advanced VLSI design svstems, advanced control and manipulation terhniqur^ and incrra^d 
defense manufactunnq productivity through the use o^ advanced automation techniques!        increased 

rr^urreffn ^P"1^, "^^ces are being provided to major universities in order to upgrade their 
FY 1988      a^nuatelv support thexr DoD research.  This portion of the program will continue throuah 

sHESri \ VTl |a|^-$£gaa£Sfa •  This project supports basic research activities in the areas of penetration 
mechanics  hi7fB-performance materials, shaped charge jetting phenomena, and advanced CIrhead crnrents 

p enom^na^Ss^fu h;eLri?rofatrheshe0retiral T^**  0f ^^   W^nics  ..Tcal^fo.fZZlllon 
exploratory Sevelopment       ^^  VaV10US   StUdlPS *"  aPPlied t0 ^"^  rp3a^d activities in 

S^iffrifsST^^U T^ NuClrr Monlrorinc' Prograni inducts research and development to enhance 0 I 
"P~""i" fo^ ^nitonng nuclear explosion events.  The program also provides technical information' 
needed for developing sound national policy for negotiations on trea^ie/limiting nuclear test?nq and 
provides technical support for U.S. participation in treaty-related international activities 
^r!^ fC'r a comPrRh^^"p test-ban treaty (CTPT) created the need for detailed technical 
information concerning monitoring stations internal to the USSR, high freauencv propagation  and on-site 
inspection procedures   In the event that a CTPT were to be signed U.S. securityPwould remn're fhe 
highest possible level of monitoring capability to verify the ?he Soviet's were^r were not employing 
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FY IQflfi RDTSK DESCRIPTIVE SDMMABY 

Program Element:  61 101E 
t'SDP&E Mission Area:  ?30 

Title:  Defrrpe Penearch Sciences 
Budget Activity: 1 Technology Base 

evasive technicniep.  This capability rests on a foundation of basic seismological geophysics which is 
extended and maintained through DAKPA fundina of university research.  This basic research also leads 
directly to improvements in the U.S. ability to estimate the yislds of Soviet underground explosions and 
thus to evaluate their weapons program and to verify compliance or non-compliance with the Threshold Test 
Ban Treaty. 

C.   COMPARISON WITH EY 19P5 DFSCPIPTIVE SUMMARY;  There were no significant changes between the FY 19R5 
and tY  1986 Descriptive Summaries except as listed below. 

Flectronic Sciences.  The S5.6 million increase in FY 1986 funding is due to the inclusion of all optical 
signal processing efforts in this program element.  Originally this work was part of the Strategic 
Computing program, but due to its fundamental research nature and wide, applicability to future DoD 
systems this transfer was implemented. 

Systems Sciences.  The increase in this funding in FY 1986 is a result of increased emphasis being placed 
or the biochemical technology program based on government and industrial interest, including the Small 
Business Innovative Research program. 

Computer and Communications Sciences.  Project CCS-3, Modernization Technology is intended to piovide 
state-of-the-art equipment Tor computer science research in universities and to support research efforts 
ir defense productivity. 

Power Source and Fxtra Hypervelocity Technology.  Initial research on this pronram was funded in FY 19B4 
in project TT-B.  The Fxtra Hypervelocity Technology program builds on fundamental results of the 
Hypervelocity Technology program started late FY 1984 and the Electromagnetic Launcher program (TT-5) 
which was transferred in FY 1985 to the Strateoic Defense Initiative Organization.  Initial research in 
the Hltracapacitor program was funded in project, TOP-1 during FY 1985. 

Crophysical Sciences.  In FY 19P6, the total funds for basic research under the Geophysical Sciences 
project are estimated to be Sl.l million less than the amount reported, in the FY 1985 Descriptive 
Summary.  This reflects a change in priorities. 
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Program Element!  61IQIE 
USDKs,r, yJFFion Area:  b30 

FY 19Rf PDT&E DESCRIPTIVE SOMMASY 

Title: Defense hesearrh Sciences 
Budqet Actxi'.! ty:  1.  Technology'Base 

D.   OTHEK APPROPRIATION FUNDS:  None. 

E. RELATED ACTIVITIES: 

Materials Sciences.  DARPA programs in metal matrix compositeF, rapid solidifiration technology, advanced 
ceramics, and high temperature polymers and adhesives are coordinated with other service efforts and 
ether aqenries through a number of committees and interagency groups, includino:  National Science 
Foundation, Interagency Materials Coordinating Committee; Interagency Working Group on Ceramics for Heat 
Engines; Interagency Conunitteen on Rapid Solidification and Metal Matrix Composites. 

Electronic Sciences.  The Services have programs developing specific infrared sensor devices.  The DARPA 
pTraTärTle   focused on demonstration of new "silicon-like" materials growth, processing, and 
characterization for infrared sensor arrays, principally on the material mercury cadmium tellunde.  The 
PAPPA programs in optical processing complement the algorithm and architecture programs of the Air Force 
Office of Scientific Pesearch with efforts in material and device development.  The Services have 
initiated, under a coordinated effort through the t'nder Secretary of Defense for Research and Engineering 
(HSPPSE), exploratory and advanced development efforts in Very-High-Speed-Integrated-Circnits (VHSIC). 
The research effort in submicron device and materials technology complements the USDR&F proqram by 
addressing long range problems in desion and fabrication of materials and devices that operate at or very 
near their physical'limits and are fabricated in high vacuum via in-situ combinations of beam processing 
steps   A number of efforts are funded cooperatively with the Air Force, Navy, and Army Offices, of 
Pt-earch, Air Force Wright Aeronautical Laboratories Materials Division, and the Naval Electronic and Air 
<wsi-em= Commands.  Cooperative research efforts with the National Science Foundation at universities 
concerning use of synchrotron radiation, submicron structures, and crystal growth research are m 
progress, 

Svatems Sciences.  These efforts are coordinated with Armv Research Institute, Battlefield Information 
Systems programT Defense Mapping Agency; Army Intelligence Center and School; the U.S. Army Armor Center, 
Department of the Army; the U.S. Army Tank Automotive Command, the Air Force Rome Air Development Center; 

,1 
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FY ]9R6 PDTsF DE:£CRIPTIVF NUMMARY 

Proqrpm Flrirrnt;  61101t: 
USDR&F Mission Area:  5Io Title;  Defense Research Sciences 

Budgef: Artivlty:  ].  Technology" Base 

rhL^ !  ^r    g   Aeronautical Laboratorien, and the 0.8. Army B-Tqi neeri rg Topographic Laboratories 
Chemical ultra.en.or research is closely coordinated with the AnW and complemenls the Matter's effort; 
by focussira on ]rrg range materials processing, integration, and device design concept Is,^  € ^ t0rtS 

Coirputer and Communicati 
'V'H?TC) jf 
architectu 
a basic re 
n^RPA main 
network co 
research i 
the Hal I on 
Command, t 
Deferpe N^ 
with users 
conference 
research. 

focused on 
re and desi 
search proo 
tains close 
rceptF. NS 
nstitutions 
nl Aeronaut 
he NavnJ Ka 
TO Network 
and other 

s, meetims 

atlon« ^ciences.  The multi-Service effort 
vary Tiloü speed technology and complement 

qn rencepts for very large scale systems. 
ram in s-ubmicron rtrnctures which is being 
technical liaison with PCA on new compute 

F and the military services are also provi 
and some industry vendors are offering si 

ics and Space Administration, the Office o 
terial Conutiand, and the Armv Research Offi 
Program Office carries out new team effort 
sponsors of related research is maintained 
between program managers, site visits, ch 

on Very High Speed Integrated Circuits 
s the DAPPÄ program which is addressing 
The National Science Foundation (NSF) has 
coordinated with the DAPPA prooram. 

r communications protocols and advanced 
ding sorely needed computer equipment to 
zeable discounts to universities.  NSF, 
f Naval Research, the Air Force System? 
ce also support research in robotics.  The 
s on network architecture.  Coordination 
through joint programs, workshops, 

mice of contracting agent, and published 

Power Source and Fxtra Hypervelocity Technoiogy.  The Solid Oxide Fuel 
related to Service efforts in imp 
program is coordinated directly w 
Department of Fneroy (DOE) as the 
efforts. Baric ultracapacltor te 
metal oxide materials and is rela 
Solid Oxide Fuel Cell development 
to explore velocity regimes and i 
techniques. The supporting techn 
and power conditioning will be di 

roving conversion efficiency of prime 
ith the Air Force Wright-Aeronautical 
agents and close consideration ir ma 

chnology is based upon a proprietary 
ted to concepts and techniques being 

In the Extra Hypervelocity Techno! 
nvestigate the important military con 
ology in the Strategic Defense Inltla 
rectly applicable to this effort. 

Cell development is directly 
electric power sources.  This 
Laboratories (AFWM) and the 
intained with AFWAI and DOE 
concept with employs mixed solid 
evolved in the joint Air Force 
ogy program, the current effort is 
sequences of extra hypervelocity 
five such as compact power sources 

jSigfpro^'r^iaiS!**^'  Arm0r/anti armC)r *•••.«* !■ coordinated with the Army and Navy via annual 

"r^*1 vr 
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rrogram Element:     6noiE 
t'SDPsF HlSfflon  Areal      530 

FY   1986   RDT&K  DEPCPIPTTVE  SUMMARY 

Titler     Defepcp   ReS<jarch   Sciencps 
Budget   Activity:' "T.     Technololfv-BaEe 

F. WOPK   PFPFORMEn   BY: 

Mfcterials   Sciences, 
-.™r.t f!^i!!:!i^!ed "f?? P*''8"»« " ton«», ^c! -,% in-hol^^overnment labörato; ": and ?5% tt^* .VL**11™*     50* industry, 20» „nivers: 

>raior performers are:  CTE sylvania  Towand.  pLn=, ?   y T^6  rf,^«rch development centers  T! 
York, United Technologie. toSSch C.Sj^t.J'KKfcrt^Co^^?1 ^T'Ü COnlp^' Schenect^dv 
£f'!'.C'\:ilo5nia'- ßDM Corporation, McLean  SSlS^fJ^^Sr?!!!^*^?00^". »»I«!»« Center, The 

50% industry, 20» universities 
The 

Oaks,   CaHlornia;   BDM'corpö^H ^Z;  McL^n'   vi roi nf f^'■ ?TCtlCUt''   Pockw^l   Sci^c^'cen^err^ousand 
wncox,   Lynchburg,   VirpinL,;   Special   Metals     Ne^H'rt ford     N  ^T"^0n'   ^rY •   ^laware;   Babcock   !nS 
C«liforni«|   University   of  MiC,   gan,   Ann   Arbor     Mi ch^^n YOrk;   HuC,heS   ^reraft  Company,   Fl   Sequndo 
HaaaachUMtt«!   Carnegie-Mellon   SniwrStv! MttSSiT  i  ÜniVerslty  "f  Massachusetts,   An.herst,        ^-9Und0' 
taaaaehuaatta institute of Iwhwl^J/ c^bSSj^SSiaS^Jr^l Rice ^^"ity   Bouaton   Texas; 
Unjversitv of Washington, Seattle  Sihln^««. 2l M«!::Fachusp<-t-ß; University of Texas, Austin  Texa- 
laboratory efforts S ^rSSS it^ SK^'RJ«^^^!-1

^'";!?'
0
^' CalifokiJ" Jn-hS!' 

Force Wright Aeronautical Laboratories/Material ^ahov f^0"«0^' WaFhington, District of Columbia- Air 
-ke, California, and the KS^'ä^^^'n^J^^gSi^^^i Weapons Center.^hin^^ 

Pf^&^S^itoSra^JV^V^^^S'^S^ Hy industry, 34» by universities, 10» 
International Science Center, Thousand Oaks  df^fornia  Hn   ^n?6"^0^" *««*»«•«  Rockwell    ' 
Vinnesota; Texas Instruments  Dallas, Texa'-' McDonne?  n. T^1 PpnParch Cpnter, Bloominqton, 
Barbara Research Center, San^a Barba^/cal ] for^  ihrton^ • Unt^9t0n ^^-   California; a^d Santa 
n^versity  Palo Alto, California; Massachuset" i^tU.^eTf ^T1"'";'7 P«rfo"»«« ^re:  Stanford 

Cornell University, Ithaca, New Tork, Case-Westeri Reserve  rJ, ^"^ Camb'-idge, Massachusetts; 
nmversity. University Park, Pennsylvania; ^^^^^^^X^^X^^^^^, 
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Proornin Flement:  61101E 
USDRiE MiRFion Arpäl  ^lo 

r¥ lOflP PPTSE DESCRIPTIVE SUMMARY 

Titlp;  D^fensr 
Budgpt Activity 

H«yeareh Seien ces 
JT~ Technology Base 

NaasaehUMtta is thP Pope performer.      "Strict ol Columbia.  Llnoolli Laboratory, PPdford, 

Syptpmp Scjpnces.  60» ipdu«i1rv anrf /ina ,,^^ 

föT,   ^son,-A?i20nia;AdvapcPd InforLticn 'nSdnPPi-^
MaJ°r PPrfo™e" i-lude:  Srienno Applications 

Sr:enceS Corporation, RP.ding, Massac™t?s. General RP'P^CH^' KoUntalri View, Cllforni«rAnJlytl! 
Hniversity, Columbus, Ohio; Oriver^itv of W^rnn^n  M ^      Corporation, McLean, V:rqlrlä; Ohio StatP 
Technology Cambridge, ^.«SiHSi^lfnte^S^I^^;,;1!?«1-1»' »»■••«h«"tt. In.tUute of ^^ 

Salt LaKe City. Utah; and Widegren rommunicatlons^rpoStlo'n^Sa'^^e'fcfu^r^ia?^"31^ 0f Utah' 

Cgm^utPi^ajd Ccmmujjcations Scirnces.  81% unlversitv  tl* 4^1 . 
performers are Molt, beranek, and tfo^n. C^lJte.^M.«! ^ö^try, and 6% in-house.  The maior 
Pasadena, California; CarB^l.-AlSTSivfAS^WtSS^'^i ^^^   Institute of Technology, 
City, New York; Massachusetts Institute nf T-chnAi T   ^ 2 f Pennsylvania; Columbia University  Mew York- 

Power Source and_EytrA Hypervel 
tollem| fiTTTs provided io a 
National Laboratory, Argonne, 1 
provides 1001 of the ultracapac 
Viralnia. The Extra Hvperveloc 
10% in-house government. Major 
International, San Leandro, Cal 
InstHute, San Antonio, Texas; 
Los Alamos National Laboratory, 
Center, Dover, New Jersey, 

Pelty Techn 
national la 
llinois and 
itor effort 
Ity Technol 
performers 
)fornia; We 
University 
Los Alamos 

B5ffloryI.fSrj7riJbfB£Jt^0"1S.,2i ?" js ******** » 
The  prime   contractor   i.   t^BD« Co ^or  H^,   Mclean' 

Te^™i]Re^^chbUSJ   70!.i^2rT   ?0%   -i—ities   and 
stinghouse   PSD?  -Htsburoh"'penned   "^^A   Ca"fornia;   Physics 

ofDayton,   Hay^on^Oh^ ^ni^r    ^ ^^T^r^tln"!"^ 
.   New Mexico;   and  the  Army  Armament to^J'.S'S^lJS^ 

I   f 
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■FY 1986 HDT&E DESCRIPTIVE PDMM^PY 

Tit ] p r  Dnfense RgMtgrch Sciences 
Budget ArHvTt-.y:  3.  Technoloqv~BaF 

Zernow Technical ServiceK, San Dimas, California; Lawrence Livermore 
re, California; Los Alamos Nation?] laboratory, Los Alamos, New Mexico- an-' 
nd Development Command, Dover, New Jersey. 

f this work is performed by univereities.  These include:  University of 
Jversity of California, Berkeley, California; California Institute of 
rnin; Georgia Institute of Technology, Atlanta, Georgia; Harvard University, 
■■achaacttl Institute of Technology, Cambridge, Massachusetts; Pennsylvania 
Park, Pennsylvania; St. Louis University, St. Louis, Missouri; Southern 

, Texas; University of Southern California, Los Angeles, California; 
son, Texas; Columbia University, Palisades, New York; and University of 

Proorarr Element:  b1101E 
UGDK&E Mission flrea: 530 

Target rvrrtration Research. 
National Laboratory; Livermo 
the Army Armarert Pesearch a 

Geop^ysJ'-'al sciences. All o 
Arizona,*Tucson, ArTzona; Un 
Technology, Pasadena, Califo 
Cambridge, Massachusetts; Ma 
State University, University 
Methodist University, Dallas 
University of Texas, Pirhard 
Colorado, Boulder, Colorado. 

G.   PROJECTS LESS THAN $7 MILLION IN FY 19P6; 

!!?!!if!?T!*4.£üd|*!^aiHV?*rT*l0fltV Tf*"^«*™ (»W OTAW).  The Monolithic Solid Oxide Fuel Cell is 
prtrmally the largest single aHvance in direct chemical To electric energy conversion vet achieved 

"Urtro^ ;^'a^ilr'T;,tl0n "I a? ton-eo«»döe*lnf ceramic electrolyte and electron-conducting ceramic 
electrode and cell interconnects It appears possible to concert gasified fossil fuels directly to 
^r^n^L^rT ^ efflcl^cies ovpr si5ftV percent.  In addition, through advances in the technology of 
.ub-miniatunzed ceranvic and component fabrication It now appears possible to produce an extremelv 
compact power unit with energy and power densities exceeding those of aas turbines. 

The ultracapacitor concept was demonstrated under laboratory conditions during FY 1984  Durinci FY 198^ 

^^n^lrr,P?
ranirrir/tUCU!-S' tpc!:niCal ^ e^olnic analyses, materials research and capacitor 

tö in ™       characterization and fabrication are conducted.  Fyperimental modules that produc« 1 KM 
to  0 KW Power are tMt^ it) FY 1985.  In FY 1986 a major system preliminarv design for a 200 KW system 
mor^, l^'t^t      i /^ """^n'acltor Development program to completion includes completion of subscaTe 
ZJ*  t:Bv ng f? deSi9n reVlTW "f the ?00 KW caP^ifor.  Pendina successful desian review, a detailed 
design, fabiication and ( , erational evaluation of a prototype 200 KW nodule will be conducted which 
provides energy and power densities suitable for airborne weapon applications 

By 

I «" 

L 
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FY 1986 RDTiE DE8CRIPTZVX SUMMAKV 

Program Elrment:  63 101E 
USrP&F Missjor Arfa; )30 

Title:  DefprjSfi Research Sciences 
Hudget Activity:  1.  Technoloq"v~Rage 

Durira FY 19«, the emphasir In thin program will shift to the extra hypervelocity regime 

Target Penatratlon Reaeareh.  Program accomplishments in FY ]PP4 included (1) establishment of the 
performance potential of two advanced warhead concepts applicable to lightweight torpedoes for 
,nr.tj-Buhmarine warfare, (?) development of improved materialp processing techrioues for producing 
lightweight, high-strength ceramics and cermets, and (3) evaluation of the performance of porous metal« 
and certain r.uper-pl ast ic alloys.  In FY 198% work on advanced underwater warhead? is concentrated on 
enhancing lethality usina special supplemental devices, and also in Improving warhead •ffectivaneaa 
modelling capabilitaes.  In addition, on-going mate-rials development and evaluation efforts for both 
armor and munrticrs applications are being continued, and a new thrust is being initiated to develop 
improved materials tor kinetic energy penetrators.  Tr FY IMS, the first full-scale testing of advanced 
underwater warheads is anticipated, coupled to continuing torpedo desian activities.  All materials 
development and evaluation work will be continued, with some transfer of technology to service 
laboratories expected.  DARPA participation in the underwater warhead program is expected to end after FY 
1987, with the transitionlng of remaining work to the Navy.  Materials development studies for 
arrnor/,-rn-armor applications are expected to remain a part of this continuing program in future years, 
although the specie coals of such efforts will likely change somewhat to address problems identified in 
.advanced development work. »w***»« J-U 

Geophyaioal 8ciTO^»a.  In FY 1984 a large scale seismic tomographic analysis of earth structure revealed 
or the first time an accurate picture of lateral variations in the earth.  This will lead to more 
accurate locations of seismic events which is of use for directing the use of satellites and on-site 
inapectiona.  The improved earth structure should also lead to more accurate yield estimates by means of 
magnitude from long-period Rayleigh waves.  By use of improved instrumentation it was found that 
righ-frequency noise levels at quiet sites are much lower than was thought here-to-fore.  This implied 
that decoupled explosions could perhaps be detected at lower yields than previously thought possible 
Patterns of body wave magnitude were discovered which could be contoured on the surface of the globe" 
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rroqram Element:  61101E 
USDP&E Mi SKI on Area:  530 

Title:  Defense P^SRarch Sciences 
Budget Activity:  1.  Technology Base 

This iirplied that there is a limit to the precision with which yields can be determined with standard 
seismic method?.  This has important implementations for the verifiability of a Threshold Test Ban Treaty 
and for the methods which should be used to estirrate precise yields. 

In FY 19R5 tomographic research is continuing ir order to better outline the 3-dimensional structure of 
the earth and to gain the location and yield-estimation benefits discussed above.  Pesearch is being 
funded to outline the geographical distribution of low roise sites; and to understand the source of the 
existing noise.  These tasks should help predict the locations of low noise sites.  Patterns in body 
waves are being studied to understand the cause of the patterns:  propagation through varying earth 
structure or release of tectonic strain.  Analysis of the tectonic strain release which affects surface 
wave yield estimates is underway using long-period body waves.  This will give us confidence in bias 
estimates between Soviet and U,S, test sites.  Close-in monitoring of underground tests at the Nevada 
Test Cite is helping to resolve issues of non-linear propagation under moderate strain, of source 
spectra, and of tectonic strain release.  Earthouakes are being monitored at close distances to see if 
their source spectra have significant differences from those of explosions.  Theories of complex 
carthquaker are being developed.  Such earthouakes may have source spectra similar to those of 
explosions.  Theoretical approaches to 3-dimensional scattering and propagation are being developed to 
compare to model studies and to finite difference calculations.  These studies are of importance in 
developing reoional discriminants which are the only discriminants which may be used for weak decoupled 
explosions. 

The university research program is funded on a two-year cycle.  Thus, the work which will be performed in 
19G6 is a continuation of that underway in 19R?, which is discussed above. 
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Project:     MS-1 
f-rogram  Element:      61101E 
USDR&E Mission  AreiT 

FY   1986   RDT&E  DESCRIPTIVE  SUMMARY 

530 
Title:  Materials Sciences 
Title:  Defense Research Sni 
Budget Activity J. Technology Base 

H. PROJECTS   OVER   $7   MILLION   TN   PV   lMf| 

probi;msiSlH17iuf?i£i^alIf t^ ^«« *** materials  concepts,   and  seek  solutions  to 
matrix  composites,   high   temperature  polymers  and   ^hf amorphous  metals,   metal  matrix  and  ceramic 
resistant   to  laser  irradiation,   solid  lubrlcantf  ^rT^'   eaSily Proces^d  ceramics,   materials 

oSrat     „^m01^^10"  ?f  f«P" ■SiamSSS S-dSJ  "chnologv^ir^^ abs0rbi^ -trials/structures, 
operating  temperature   limits   for turbine-blades     h«LoK-K9y     l11 make  Possible  a   300°C  increase  in 
consumption   for  advanced   cruise  missile  and   tacticaraircraf^  Speciflc  thru^   and   lower   specif"   fue 
this   technology will   challenge  higher-cost   titan^.?tVngineS-     New  aluminum  alloys   emergina   fron, 
cost,   and   fuel   reductions   in  advanced  aircraft  and missne^^MT?081^ materials   for achievT^weight 
addressing   new   fabrication   technologies   for  ach^e^n^hK-. • ^tal"matrix   OOmpOMif  research   is  Weight' 
technnT ^^f5  0«"bl»in«   the  advantages  of   rajid   söli^ilLaMo'n"68.8  tf  hiqh   ******  structural   alloys 

and  structures  is  exploring  the use of advanced material  ^ Research on  radar absorbing materials 
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Project:     MS-] 
Program Element:  61101E 
USDR&E Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title: 
Title: 

Materials Sciences 
Defense Research Sciences 

Budget Activity:  1. Technology"Base 

?.  Program Accomplishments and Future Programs: 

a.  FY 1984 Accomplishments;   in FY 1984, significant advances were made in materials research 
efforts covering a wide range of materials systems including metals, ceramics, polymers, semiconductors 
and composites.  For example, progress has been made in understanding the factors which must be 
controlled in the explosive compaction of ceramics.  In addition, chemical synthesis routes to ceramic 
bodies using exothermic reactions have been used to produce bodies that are 95 percent of theoretical 
density with 100 percent reaction yield.  In the polymer blenMs research, several promising polymer 
systems have been selected and synthesized. 

Significant reduction of the threshold for optical switching/limiting has been demonstrated in various 
materials, including liquid crystals and semiconductors used in power and energy limiting applications, 
semiconductor charge injection switches, and free carrier absorption devices; research programs in other 
promising nonlinear optical materials concepts for optical sensor protection have been initiated. 

Based upon accurate testing techniques, ablative materials combinations developed in the laser 
countermeasures program have shown considerably improved resistance to laser irradiation.  Since first 
surface reflectivity becomes the only parameter whose change can improve performance, it is now possible 
to predict optimal performance and therefore maximum hardening capability. 

A comprehensive t,tate-of-the-art review by leading experts in the field of material modelling and 
large-scale computer code development was conducted.  Results were used to guide future programs designed 
to predict the behavior of materials under high strain rates. 

b-  FY 1985 Program:  Research to establish a fundamental understanding of the processes of 
explosive compaction and chemical synthesis of ceramics is continuing.  In addition, several new efforts 
to examine novel processing approaches to ceramics are being initiated.  These include a program to form 
single crystal infrared domes to net shape and a method for using supercritical fluids to build up 
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Project:  MS-1 
Program Element:  61101E 
USDR&E Mission Area:  530 

Title:     Materials   Sciefices 
Title:     jjetense  RTTi^arch  Sciences 
Budget  Activity:      1.   TechnologT"Base 

lubStionr^ ^^^.^SlffflS^U^Sl K^ t0  TT6  the  f-d—tals  of  the   solid 
variety  of  DoD  needs   including   high   temperature  beards     H™ .V'hlcll  incepts  can  be   selected   for  a 
for  cryocoolers  and  rocket  turto  W^Th« InitlSf SlJo^tf1^   f0r  sttellites'   and bearings  and  seals 
theoreticlly on  the  surface  interactions Ktwe^n^^rf^c ÜTlSSe^  ^^^^ ** 

S^,^^M^
r^J^2ffit^0ai^^fa[ie|  ^^T"  iS  «»««^.     "Rising 

physical  properties  of the  resulting polvmersvste^^       Predictions of optimum conditions  and  the 
establishing  novel   chemical,   mechanical   and   evaluation   Lln\mearred-     A  neW  ^0^am  is  ^^  at 
adhesives.     The   goal   of   this   effort   is  adhesivesca^hlfPPraC^S   f0r   ilnProved  high   temperature  polymeric 
examining  the  use  of  electromagnetL  en^y     "g.   micr^avesrfor^h   '^   370°C-     An0th"  ^ •****£ polymers. yy   u--9'   microwaves)   for  the processing or  synthesis  of unique 

s^ss ^tirLpjr^ginn?nrtM^^ar
ie^ttJ°ies^cr

e\approachp^in the desi- ** -*« DoD requirements. V     y  '  Inltlal research is focusing on an assessment of advanced 

composites for space structures and reinf0r
Ping^-ig^htSe:^^^ii^^

n:l1Sor^^^^p^L
hiltaet/:sgneSiUm 

d^fen^e^p^l^s^JginTf-ro^a^ f^SJX^JtfSJ?1}:'Jj^ Ü aPPliCable t0 * ^^ °^ 
transferred to the services.  The effort to dev«!^       ^ " uhe lonosPhere, is being completed and 
large-scale computer simulaUon programs is S expanded wTth'^^^^ constit"tive models for use in 
materials behavior at high strait rites and mfcrLSnfcs'of'deforma^n.00"^'"'1"9 0n StUdieS 0f 
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f'Y 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  MS-1 
Program Element:  611Q1E 
USDR&E Mission Area:  530 

Title:  Materials Sciences 
Title:  Defense Research "Sciences 
Budget Activity:  1. Technolotf^ase 

The Laser Countermeasure and the Electro-Optic Sensor Protection programs a 
Strategic Defense Initiatives Organi zation (SDIO) .      "«i™ programs a 

c.  FY 1986 Planned Program 
i /-\n  a»-.^  /-il*^.«-: 1    i t T  compaction and chemical synthesis of 

used to establish priorities for an 
the feasibility of the novel approac 
will continue to explore the fundame 
ceramic and lubricant compositions w 
blending will focus on the selection 
yield new high performance polymer s 
optimize several adhesives for eleva 
systems with unique potential in rad 
limitations will be established and 
rapid solidification processing will 
emphasize reducing processing costs 
constitutive models for use in large 
validation work aimed at understandi 

re now being conducted by the 

and Basis for FY 1986 Request:  The fundamental efforts in explosive 

aooUcaHnn^f T 5 FY 1986- "•«!*■ ^om these programs will be 
applications follow-on program. Work will continue on establishing 
hes to ceramic processing.  The solid lubrication of ceramics program 

ni he ^"^rr ^tWeen a Ceramic  and a solid lubricant.  Advanced 
ill be suggested, formulated and tested.  The research on polymer 
of one or two promising systems which will then be optimized to 

ystems.  The research on high temperature adhesives wil  continue to 
ted temperature use in advanced military systems.  Several materials 
ar absorbing capability will be identified^ fundament!! processing 
efforts to circumvent those limitations will commence.  Research on 
essentially finish in FY 1986.  Metal matrix composite research will 

and mprovmg fracture toughness.  The effort to develop improved 
scale computer simulation will continue with model development and 

ng the response of materials to high rates of deformation 

/thft^i1^ of.novel «ron^epts for ceramic and ceramic composite I tnat are nrnmiBinn will u*.   t-, 11.1 J ._     , ^^oi^c fabrication wilf be determined and thn^e'   "   - ,!  >.„   . ,,.,   ^.; 
development  programs.  Advanced cerate .nd^nn fS^*1?? W41 be tra"sitioned to exploratory 
transitioned to development programs for he,r?n^ lubrtcatlon formulations will be evaluated and 
high temperature adhesive^ electromagnet^ en™ nro^' etC-  Rrea5Ch 0n high ^"-Perature polymers, 
continue, with emphasis on developin^unda^entarkno^edae"?' J?f ^  absorbi^ structures will 
systems.  Studies'on metal-matrix'c^positeTw 1  cönt nue' tKh^l^rwIth T^]*1*   ^^^.ry 
strong, tough, lightweight structural components for JiSS«^."^'^^.^^^;!^ 
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Project:  MS-l 
Program Element:  61101E 
USDR&E Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title:  Materials Sciences 
Title:  Defense Research Sciences 
nudqet Activity:  1. Technology Base 

8.  Milestones: 

Last Year's 
Reported Plan 

Early FY 1985 

Early FY 1985 

Early FY 1985 

Mid FY 1985 

Late FY 1985 

Current 
Plan 

Early FY 1985 

Early FY 1985 

Early FY 1985 

Mid FY 1985 

Late FY 1985 

Milestones 

RS aluminum alloy superplastic 
forming demonstrated 

Demonstration of rapidly solidified 
metal matrix composite powder 
technology 

Demonstration of feasibility of 
cryogenic processing of polymeric 
binders 

Demonstrate the capability to 
explosively form flat ceramic 
plates 

Production of high purity aluminum 
nitride 

•"^^-1 Tin 
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Project:  HG-1 
Program Element:  61101E 
OSDR&E Mission Are^l  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title:  Materials Sciences 
Title:  Defense Pesearch Sciences 
Budqet Activity:  1. Technology Base 

Last Year's 
Reported Plan 

Late FY 1985 

Late FY 1987 

f. 

Current 
Plan 

Early FY 1986 

Late FY 1986 

Late FY 1986 

N/A 

N/A 

Milestones 

Develop theory to predict fracture 
toughness in metal matrix 
composites 

Weldability of rapidly solidified 
aluminum alloys demonstrated 

Demonstrate blended polymer system 
witfi optimum physical and 
chemical properties 

Prototype dynamic mesh filter 
fabricated and tested 

Demonstration of concepts for 
protection of unaided eye 

effective in FY 1985.  These milestones are not appUcIblegto fh      Inltiatives Organization (SDIO) 
reflected in the DARPA FY 1985 Descriptive Summaries! project and were inadvertently 
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Fy 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  #ES-1 
Program Element:  #61101E 
USDR&E Mission Area:  530 

Title:  Electronic Sciences 
Title;  Defense Research Sciences 
Budget Activity:  1.  Technology Base 

H.  PROJECTS OVER $7 MILLION IN FY 1986: 

1 . 
raateria 
tion of 
(2) sub 
compone 
areas o 
approac 
tems; i 
feature 
thin fi 
modulat 

roduce large area infrared sensor materials and devices for strategic and tactical sys- 

ion; and nonlinear optical effects for optical computing 

2'  Program Accomplishments and Future Programs: 

FY 1984 Accomplishments: Two inch diameter liquid encapsulated Czochralski (LEC) grown 
mm telluride were obtained for the first time.  Careful analysis of heat flow mechanisms crystals of cadm-_ 

overcame long standing obstacles of crystal shape control ("flash-out") and core-hollowing.    , 

mölecuLr^eäm epitaxy TMBE)^ CadmiUm telluride Were reali-d - ^^ ^igh band-gap substratL by 

Gallium arsenide (GaAs  integrated circuit technology reached a new record for complexity in the US by 
the fabrication of fully functional one kilobit memory chips.  This advance resulted from having 

?nch w^r« !nn u ?  ^he ^wi" GaAS fabrication technology from two inch diameter wafers to three 
^h* nn! ^  and,solv:L"t? the problems associated with applying direct-step-on-wafer (DSW) lithography to 
the one-micrometer gate length GaAs device technology.  A substantial improvement in the yield versus the 
gate chips trade~0ff CUrVe al80 "^^ed, with six percent yield obtained for these approximately 2300 
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Title:  Electronic Sciences 
Title:  Defense Research Sciences 
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c«=sed 1«, beams fro. bei«, „tlUz.ä In the fabrication of silicon «lcrJclrc„i?°. P  f°' 

The Stanford university Process Emulation Model (SOPREMI , used by over 750 industrial „nd „A,,.™..,,,- 

investigations into producing a GaAs version of SUPREM were begunf initial 

Sinsistor^PB^wa^identinera^the6 £22^ SÄ t0 Pr0dUCe the "^i™^  wave Permeable Base 
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FY 19R6 RDT&K DESCRIPTIVE SUMMARY 

Project:  #ES-1 
Program Element:  #61101E 
USDR&E Mission Area; 530 

Title:  Electronic Sciences 
Title:  Defense Research Sciences 

T7 Budget Activity Technology Base 

a new phototransistor-type light detector based on the punch through effect in a MOSFET (metal- 
oxide-semiconductor-field-effect-transi stor) device. 

b-   FY 1985 Program:  Materials and device efforts directed towards achieving millimeter wave, 
three terminal devices are continuing.  Emphasis is placed on utilization of velocity overshoot to 
achieve the carrier velocities required to implement such devices.  Specific device structures under 
investigation are the Permeable Base Transister (PBT), Vertical Field Effect Transistor, Ballistic 
Injection and Drift Transistor, and the Opposed Gate-Source Transistor (OGST). 

Research on growth and processing of large area mercury cadmium tellurlde (HgCdTe) infrared sensor 
material is continuing its emphasis on the molecular beam epitaxy method.  Investigation of depositing 
device quality layers on dissimilar substrates is underway.  A selection is being made between the use of 
CdTe or other materials for large area substrates for epitaxial growth ot HdCdTel  Infrared detector and 
multi-layer superlattice devices of CdTe, HgTe and HgCdTe are being prepared and evaluated.  These 
layered structures are prepared by molecular beam epitaxy (MBE) and metal-organic chemical vapor 
deposition (MO-CVD).  Research on the growth of mercury manganese telluride (HgMnTe) and related 
compounds to study and exploit their infrared and magnetic properties is being expanded. 

The program to fabricate spatial light modulators (SLMs) should yield the first device, that meets the 
DARPA program goals, upon completion of the first microchannel SLM.   The goals are a 1 kixohertz frame 
rate, a 1 second storage time, 1 million resolvable elements, 30 decibel phase dynamic range, and a 
]000:1 contrast ratio.  The program will continue with two other fabrication efforts; one for a 
deformable membrane modulator and one employing silicon on an electro-optic ceramic. 

The optical materials program, to create improved photorefractive materials for light modulation and 
nonlinear materials for optical switching, will continue to expand.  Exploration of monomolecular film 
applications and ionic polymer conductors is underway. Organic polymeric materials will be incorporated 
into device structures to determine operating characteristics.  The reactive atmospheric 
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Project:  »ES-1 
Program Element:  #61101E 
USDR&E Mission Area:  530 

Title:  Electronic Sciences 
Title:  Defense Research Sciences 
Budget Activity:  1.  Technology Base 

processing technique to produce striation-free barium titanate crystals will either prove to be workable 
or be dropped from the program.  Characterization will begin on the liquid crystalline polymers as well 
as on the new disubstituted divinyl diacetylene polymers. poiymers as weil 

In support  of  all  the  above  activities  new analytic  instrumentation programs  have been  initiated       The 
in™^/*  °"  Roving both  the  elemental   sensitivity  for detection  of unwanted  contaminant  a^d 
increased  spatial  resolution  to determine dopant   fluctuations. 

FY 1986 Planned Program and Basis for FY 1986 Request:  Device de 
istrations of millimeter-wave operation will be directed toward 

Device designs 
succeysful demonsui :  ,  ^ . , ,.  „ ,, 
implementations that contain both the active and passive devices to result in monol 
array modules. Monomolecular Langmuir-Blodgett films will be applied to novel mate 
structures to evaluate the passivation potential of these films. New analytic inst 
to increase the sensitivity of elemental analysis will continue. High vacuum, in-« 
submicrometer integrated circuits by combining various beam processing concepts in 
system will be initiated; initial emphasis will be on demonstrating the low particl 
required for tenth micron technologies and the compatibility of various beam proces 
Research on low resistance submicron interconnect technology will be expanded. The 
cadmium tellunde/substrate combination will be advanced to the demonstration of a 
plane.  Other candidate infrared imaging large focal plane technologies will be eva 

that have yielded 
olithic 
ithic mm-wave phased 
rials and device 
rumentation technology 
itu fabrication of 
one interconnected 
e ounts that are 
sing technologies. 
selected mercury 

large pixel focal 
luated in parallel. 

Research efforts in superlattices for increased performance of digital, analog and special purpose 
components such as infrared detectors, high performance solar cells fo^ space systems! and better 
nonlinear optical materials for optical switching will be initiated.  Specifically  ^search on rew 
device types such as hetero^unction bipolar transistors (HBT), high electron mobil ty transistors THEMT) 
and on large optical switching arrays for optical computing that employ bi-stable elements, changeable 
an^o^v^    f8' ^d/or.tu"abl« non-linear gratings will be initiated.  The development of novel 
analog systems for addressing sophisticated pattern recognition problems will be expanded 
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Proqram Element:  #61101E 
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Title: 
Title: 

Electronic Sciences 
Defense Research Sciences 

Budget Activity;  1.  Technology Base 

Continuing efforts include:  novel materials growth concepts that yield compound semiconductors with low 
dislocation densities; processing technology for submicrometer feature sized digital and analog circuits; 
three terminal device research for millimeter-wave amplifiers; growth and characterization of narrow 
bandgap materials for infrared focal plane arrays; and exploration of electronic and optical polymers for 
unique properties of significance to DoD applications. 

d.   Program to Completion: 
in devices and materials within the 
years.  New efforts will be expanded 
electronic polymers, and three dimen 
high vacuum integrated circuit fabri 
orating since conventional processin 
micrometer dimensions.  Exploration 
device physics effort will continue 
cance which accompanies success, and 
frequency device and material struct 
super-computation, and secure commun 

Research effor 
Electronic Scie 
in technology 

sional circuit 
cation will be 
g technology ca 
of magnetic sem 
in FY 1987 and 
the extreme te 

ures will conti 
ications as wel 

ts exploring the feasibility of specific new concepts 
nces Project generally have a duration of three to six 
applications of monomolecular films, superlattices, 
structures.  Exploration of revolutionary in-situ, 
required to keep the lead in electronics from evap- 
nnot be pushed in an evolutionary manner to tenth 
iconductors will expand.  The submicron materials and 
beyond due to the far-reaching operational signifi- 
chnical challenge involveJ.  Efforts in extremely high 
nue beyond FY 1987 due to their emerging importance in 
1 as electronic warfare (EW). 

e.   Milestones:  The milestones reported in the FY 1985 Descriptive Summary have been completed 
or are expected to be completed on schedule: 

Last Year's 
Reported Plan 

Mid FY 1985 

Current 
Plan 

Mid FY 1985 

Milestones 

Demonstration of signal amplification 
at 100 gigahertz in new transistor 
structures 

. 
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Project:  «ES-1 
Program Element;  #61101E 
USDR&E Mission Area:  530 

Title:  Electronic Sciences 
Title:  Defense Research Sciences 
Budget Activity:  1.  Technology Base 

Last Year's 
Reported Plan 

Late FY 1985 

Current 
Plan 

Late FY 1985 

Late FY 1985 

Mid FY 1986 

Mid FY 1987 

Milestones 

Demonstration of device quality 
Langmuir-Blodgett films for 
electro-optical waveguides 

Suc-'«ssful fabrication and demonstration 
of high speed two-dimensional spatial 
light modulation 

Evaluation of particle count in vacuum 
processing environment 

Demonstration of the compatibility of all 
necessary beam processing techniques for 
complete device fabrication 

f.   Explanation of Milestone Changes:  There are no changes in milestones from the FY 1985 

Descriptive Summary. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  IDRH-1 
Program Elemont:  #61 101E 
USDRiE Mission Area:  530 

Title:  System Sciences 
Title:  Defonsn Research Sciences 
Budget Activity: \.   Technology Base 

H.  PROJECTS OVER $7 MILLION IN FY 1986: 

1.  Project Description:  The goal of this project is to develop the systems sciences that form the 
basis for technological aids to augment the performance of Department of Defense personnel.  Problems 
that have been addressed include:  distributed group decision making and group communication; analysis of 
imagery data; design of control systems for adaptive suspension and other complex vehicles; and the 
development of advanced bio-chemical technology to allow large scale production of biological materials 
and structures with novel physical and chemical properties leading to the enhanced performance of 
man-made devices and systems. 

One technical initiative is in command and control information systems.  This effort involves; 
developing a new technological approach for the utilization of interactive graphics to aid in tactical 
planning and tactical operations; the development of a "remote presence" system for reconnaissance and 
other applications providing stereo vision and binaural sound; and the development of heuristic, 
analytic, and electronic technigues to aid in the increasing problem of high resolution synthetic 
aperture radar image analysis and tactical use. 

A second initiative is in the area of adaptive vehicle technology.  This effort will provide new controls 
and capabilities for land-based travel over previously inaccessible terrain using a new control system 
that anticipates the future path using a laser terrain mapper, relieves the operator of responding to the 
details of that terrain, and adapts the suspension of the land based vehicle to accommodate to the 
terrain.  Preliminary data to date demonstrates major mobility improvements, e.g., a doubling of maximum 
speed of travel over rough terrain. 

A third initiative is in the area of autonomous land navigation.  This effort will provide a capability 
for a vehicle to plan and execute a cross-country traverse of up to 50 kilometers.  The navigation system 
will plan a route using digital terrain data and will consider mobility characteristics and operational 
constraints.  Using on-board sensors, it will update the database, perform local obstacle 
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Title:  System Sciences 
Title:  Defense Research Scionces 
Budget Activity:  1. Technology~Base 

avoidance, and replan as necessary.  Applications for an autonomous ground vehicle include reconnais- 
sance, target designation, and various support missions. 

The fourth initiative develops and exploits the area of advanced biochemical technology.  This effort 
involves:  development of ultrasensitive/ultraspecific chemical monitoring devices for both strategic and 
tactical application; development of methods for the in-situ production of visco-elastic biopolymers for 
enhanced marine vehicle speed, stealth, and sensor performance; and the fabrication of novel, stable, 
biological structures for broad-band electromagnetic defense. 

2.  Program Accomplishments and Future Programs: 

a.  FY 1984 Accomplishments;  In FY 1984, the 56 kilobits per second production prototype video 
codec was completed.  The shared graphics work station, a means for communicating shared interactive 
graphics, was extended to include hard copy as an input media and completed.  A design study on a 
low-cost video teleconferencing system incorporating the 56 kbps color codec, the shared grachics 
workspace, and low-cost customer premise satellite earth stations was completed, and a system was 
fabricated. 

A "remote presence" system incorporating stereo video and binaural sound was demonstrated using a 
teleoperated vehicle and a fiber optic tether. 

In the area of adaptive platforms for land-based travel, the design for a full-scale hexapod vehicle was 
completed.  This vehicle will weigh 2,268 kilograms, stand 2.13 meters high and will be 4.27 meters in 
length.  It will be capable of moving over rough terrain, non-negotiable by conventional wheeled or 
tracked vehicles at a speed of 13 kilometers per hour.  It will go up 100% slopes, cross-slope on a 100% 
grade, c.1 imb over 1,83 meter high obstacles, and cross 2.13 meter wide ditches.  In FY 1984, fabrication 
of all major components was completed.  The vehicle control system, including a unique laser terrain 
mapper, was tested.  Final assembly of the hexapod was initiated.  The work on control of a 
three-dimensional monopod was completed and extended to a quadruped.  A high energy denrity composite 
flywheel e.iergy storage system was demonstrated. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  #nRH-l 
Program Element:  #61 101E 

Title: 
Title: 

USDRiE Mission Area; 

System Sciences 
Defense Research Sciences 

530 Budget Activity:  1. Technology Base 

As an aid to the analysis of high resolution synthetic aperture radar imagery, algorithms for relating 
image characteristics to scatterer characteristics, expert system heuristics, and feature extraction 
techniques were completed in FY 1984.  New broad area search procedures were developed and initial 
evaluation showed the potential for greatly improved false alarm/hit rate statistics over current 
systems. 

Advanced biochemical 
and early concept eva 
variety of surrogate 
functionalization of 
molecule-based transi 
conductivity of organ 
antibody-antigen like 
materials; formation 
solid-supports; devol 
successful demonstrat 
media. 

technology research 
luation. Accomplis 
molecular species; 
individual elements 
stors and diodes; d 
ic semiconductors u 
reagents may produ 

of stable enzyme-mo 
opment of stable li 
ion of electrode pa 

focused on mater 
hments include th 
development of sy 
in multi-element 

iscovery of anoma 
nder pressure and 
ce an extended ef 
lecular leash rea 
psome structures 
ssivation for fie 

ial production 
e production of 
nthetic atrateg 
microelectrode 
lous effects of 
demonstration 
feet on charge 
ction elements 
for molecule-ba 
Id emitter tips 

and characterization, 
monoclonal antibodies against a 
ies for the rational 
arrays and demonstration of 
adsorption on the direct current 

that the specific binding of 
transport properties of these 
and their incorporation on 
sed signal amplification; and 
in room temperature liquid 

b.  FY 1985 Program:  There are four major components to the FY 1985 program.  First, the effort 
in command and control teleconferencing is being finalized with the demonstration of a low-cost video 
teleconferencing system incorporating the 56 kilobits per second color codec and the shared graphics 
workspace.  In contrast to the best existing video teleconferencing systems that require 1.5 megabits per 
second, the new system uses economical communications (about one-tenth the cost of current systems), the 
communications are easily encrypted, and, perhaps most importantly, can function in times of crisis where 
bandwidth will be limited. 

Second, the first fielded concept demonstration adaptive suspension platform is being completed and 
evaluated.  This approach makes possible new tactics and all weather operation now precluded and is 
designed to ease inventory problems (many different vehicles for many different missions) and training 
problems experienced by military personnel. The coupled M-113 vehicle system is completed and is being 
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Project:  »DRH-l 
Program Element:  1611018 
USDR&E Mission Area: 530 

Title:  System Sciences 
Title:  Defense Research Sciences 
Budget Activity:  1. Technology Base 

evaluated, and transferred.  The first autonomous vehicle demonstration, road following, will take place 
in FY 1935.  In this demonstration, the vehicle navigates up to 20 kilometers on a road at speeds up to 
10 kilometers per hour.  Research will continue on the vision, sensor, and planning sub-systems for the 
autonomous navigation system. 

Third, ultrasensor research is emphasizing evaluation of ultratrace target loss, noise, and component 
reliability.  Attention is focussed on efforts to minimize non-specific adsorption and the potential for 
reagent cross-reactivity.  Work with viscoelastic biopolymers should continue Phase I efforts.  Efforts 
will concentrate on achievement of critical polymer yields and quality levels, elaboration of general 
structure-function guidelines, planning of Phase II recombinant deoxyribonucleic acid (DNA) research, and 
identification of critical issues for Phase II immobilized cell research.  Work with recently discovered 
novel biological structures will emphasize efforts to enhance electrical conductivity and structural 
stability. 

Fourth, prior work in developing aids, heuristics and algorithms to aid in the analysis of high 
resolution synthetic aperture radar imagery is being combined in a concept demonstration capability for 
image analysis.  The impact will be to remove a major bottleneck in new imagery collection systems, 
namely that the technology for tie collection of imagery far outstrips existing capability for the manual 
analysis of images due to limit'-.tions in the number and capability of military personnel. 

c, FY 1986 Planned Program and Basis for FY 1986 Request: Research wi 
broad spectrum of innovative investigations in systems sciences, including devel 
evaluation of analytic aids for high resolution synthetic aperture radar image a 
techniques to enhance "remote presence" for operators of remote vehicles; field 
evaluation of an adaptive suspension hexapod vehicle including a high density en 
hydraulics, laser terrain mapper, and hierarchical control algorithms (the vehic 
late FY 1986 to operate in dynamically stable moJes incorporating the dynamic ba 
the three-dimensional monopod and quadruped systems); continued research on the 
vehicles; the use of biological materials for the development of ultra-sensitive 
chemical detection systems; development of novel bio-polymeric materials with si 

11 continue across a 
opment, demonstration and 
nalysis; development of 
demonstration and 
ergy storage unit, 
le will be modified in 
lance concepts used in 
control of quadruped 
tactical and strategic 

gnificant mechanical 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  #DRfl-l 
Program Element:  #61101E 
USDR&E Mission Area; 530 

Title:  System Sciences 
Title:  Defense Research Sciences 
Budget Activity:  1. Technology Base 

properties allowing enhanced marine vehicle speed, stealth, and sensor performance; development of novel 
biological structures with broad-band electromagnetic absorption qnd scattering properties; and the 
demonstration of an autonomous land navigation technology in which a vehicle traverses a 20 kilometer 
obstacle course. 

d. Program to Completion:  Future program content will be determined by research results, 
technology options and operational problems arising in this critical area. 

e. Milestones:  The milestones reported in the FY 1985 Descriptive Summary for FY 1984 have been 
completed on schedule. 

Last Year's 
Reported Plan 

Early FY 1985 

Late FY 1985 

Late FY 1985 

Current 
Plan 

Early FY 1985 

Mid FY 1985 

Late FY 1985 

Early FY 1986 

Milestones 

Demonstration of low-cost video-teleconferencing 
system 

Autonomous vehicle road-following demonstration, 
5 kilometers per hour 

Initial estimates of polymer yield/quality from 
photosynthetic, methylotrophic, and h/drogen 
oxidizing organisms 

Quadruped operated at gallop gait 
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FY 1986 RnT&E DESCRIPTIVE SUMMARY 

Project:  «DRH-1 
Program Elpment:  #61101E 
USDR&E Mission Area:  530 

Title:  System Sciences 
Title:  befense Research Sciences 
Budget Activity:  1. Technology Pase 

Last Year's 
Reported Plan 

Late FY 1985 

Current 
Plan 

Early FY 1986 

Mid FY 1986 

Mid FY 1986 

Late FY 1986 

Mid FY 1987 

Milrstones 

Integrated broad area search, vehicle classification 
force inferencer, imager/analysis demonstration 

Hexapod tested to design limits 

Enhanced "remote presence" system demonstrated 

Autonomous vehicle obstacle-avoidance demonstration 

Demonstration of synthetic aperture radar (SAR) image 
analysis system 

from late Ifmfto".^ FY^S^becan^T ^ d«»?Mte*t^» of ^e SAR image analysis system was moved 

x^Hb to late FY 1986, followed by system integration and demonstration by mid FY 1987 
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Project: SCC.S-Z 
Program Element: JL_a-U-QlE 
USDRtE Mission Area: fian 

Title:  Advannprl nigital Sfrnntiirp.«; K,   Nnfwnrk rnnfißpt.s 

Budget Activity:  J rp.r.hnn\ngy   Rasa 

H Eaaimaa "VKR $7 MTLLTON IN FY 1»«» 

1. Projprt. riAgnript inn ■ The objective of this project is to develop the fundamental technology 
in advanced digital structures and system and network concepts for future distributed military 
information processing systems. Design methodologies and computer aided design tools are being 
developed for Very Large Scale Integrated technology which will reduce projected design time and 
cost over present methods and produce designs of the quality and robustness required for DoD 
applications. Design systems are being developed which permit the designer to start with a 
high-level description of the desired chip architecture, and interact with a computer to refine his 
design, develop test procedures and finally rely on the computer to create a suitable layout on the 
material substrate.  Chips will be designed and fabricated to explore innovative architectures, 
including highly parallel structures, restructurable logic, signal processing applications and 
real-time symbolic processing. 

System and Network concepts are being explored for use in future Communications 
architectures which will lead to survivable systems which are easier and faster t 
currently possible. User interface techniques are being developed which simplify 
distributed resources and anticipate the intent of the user. Concepts for partit 
are being developed whereby a system can continue to function at a useable level 
multiple separate pieces after being split or prior to merging into an integrated 
Techniques are being developed to facilitate resource sharing among computers and 
construction of tailored service units by the user. Diagnostic tools and methodol 
explored to allow for the rapid isolation of and recovery from network and host f 
provide dynamic reconfiguration of resources in response to hostile environmental 
overload situations. 

Command & Control 
o use than is 
access to 
ionable systems 
of capability as 
system. 
provide easy 

ogies are being 
allures, and to 
conditions or 

2 . Program Ar.p.nmp 1 i shnmnf.s and Future Prngrams : 

a.   FV IQR4 Acr.nmplishmRnts- The complimentary metal oxide semiconductor design 
capability has been tested at 3 micron geometries and is being extended to accommodate Vary 
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Project:   SCC.Ü-2 
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USDRtE  Mission Area:    flan 
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Budget Activity:     J—Tenhnnlngy Rasfi 

Large Sea 
Advanced 
are to be 
FY 1985. 
Design me 
developed 
have been 
languages 
Highly pa 

le integrated/Very High Speed Integrated C 
design tools were implemented on low cost 
used for the design of VLSI circuits havi 
Languages and design methodologies to ins 

thods incorporating algorithms that operat 
in the areas of layout analysis and simul 
implemented coupling the best attributes 
to physical structure such as data flow, 

rallel, fine mesh machine architectures we 

ircuits (VLSI/VHSIC) geometries of 1.2 microns, 
microprocessor-based work stations.  These tools 
ng in excess of 100,000 transistors beginning in 
ure functional correctness have been developed, 
e in linear time and memory space are being 
ation.  New VLSI-based computer architectures 
of application, object-oriented, and functional 
pipelined, and other parallel structures, 
re investigated. 

Experiments have been conducted to 
iso)ation and recovery mechanisms, 
mulci-net systems have been invest 
issues of robust communication, ex 
individual needs. A voice annotat 
document editing, and a feature-ba 
feasible. Experiments were conduct 
experimentation with dynamic resou 
management strategy was designed 

assess the effectiveness of internet fault detection, and 
Analytical models of the reliability and performance of 

igated. Research on cooperative interactive systems has addressed 
planation of system capability and tailoring of the system to 
ion capability was added to the multi-media message system for 
sed voice capability for large vocabularies was shown to be 
ed to dynamically migrate distributed processes across hosts, and 
rce reservation techniques were conducted. An automated network 
and the concept of partitionable software systems was explored. 

b   FV iQRfi program- Design capabilities for small geometry complimentary metal oxide and 
gallium arsenide semiconductors are being developed and tested.  Circuits having in excess of 
100 000 transistors are being designed for implementation of advanced computing architectures. 
Wafer level circuits having a complexity of over one million transistors are being explored. 
Advanced computer architectures implementing high level application oriented languages are being 
investigated Highly parallel, fine mesh machine architectures are being demonstrated.  Work is 
continuing on scaling design methods to accommodate reduced geometries, higher performance, and 
increased complexity. 
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project: iccaua 
Program Element: JLJLLLQli: 
USDRtE Mission Area:    Mfl 

Title:      AHvanf.f>fl   Digital St.riint.nrfts   Xi   Nftt.wnrk   Concepts. 
Title:     nfiffinsB   Rftsoarnh   Rr.\ p.nr.p.a 
Budget   Activity:       I      Tfinhnnlngy   Raspi 

The cooperative interactive system components are being integrated. Research in the use of voice to 
support interactive user interfaces is continuing with the use of both feature-based and 
template-based approaches.  A distributed kernel for partitioned software systems is being 
developed and partitioned system operation is being demonstrated.  Special programs called agents 
are being developed to assist the user in using partitioned systems and in dealing with unfamiliar 
operating systems.  Network partition recovery is being demonstrated; experiments with dynamic 
resource reservation are continuing and resource reservation concepts will be extended to the 
internet system.  Automated network management techniques for performance tracking, fault detection 
and isolation, and degradation detection are being integrated into an experimental internet 
monitoring and control system.  Design of an initial automated resource management system is 
beginning.  Protocols for efficient use of high bandwith local area networks are being 
investigated. 

C   FY in«fi PlannRH Prngram and Rasis fnr FV IQBR Rftqnnst■  Very Large Scale Integrated 
(VLSI) architecture and design efforts aim to develop an integrated capability for the design, 
fabrication, and test of integrated circuits containing in excess of a million gates.  Efficient 
design systems for negative metal oxide, complimentary metal oxide and gallium arsenide 
semiconductors will be demonstrated.  Designs will be scaled to submicron dimensions.  Innovative 
architectures and testing procedures for use with VLSI will be developed. Design tools will be 
developed to support advanced automation techniques for combined electronic and mechanical 
piece-part assemblies. Research in cooperative interactive systems will provide a methodology for 
building information services which share a natural, easy-to-use interface that is consistent 
across different systems, user interfaces will be provided 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. Work in combining natural language and graphics 
presentations will begin. Capabilities will be developed to incorporate continuous speech as an 
integral component of user interfaces. The use of automated techniques for monitoring, control and 
operation of the internetwork environment will be demonstrated.  Network partition recovery 
techniques will be made more robust and evaluated.  Partitionable software systems will be 
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FY 1986 RDTkE   DESCRIPTIVE SUMMARY 

Project: tCCMmZ 
Program Element: S  fillOlE 
USDRtt Mission Area: iaü_ 

Title:    ütoaaoad  nipit.l   strunt.nres  t NPtwnrk  rnnrepts 
Title:    nofAn^B  Rpsparr.h .Sr.ipinr.as 
Budget Activity:     J—Tprhnnln^y  Rasp 

u,       r^mtinn  «9 well  as       surviving unscheduled network disruptions. 

AU
0
!!; jr^oäÄdr'Ss^rffl'sÄissJnj.Si ^««ss. 

disciplines. 

Mechanical design systems will be coupled with g^äXJI^äJjJJ^Jjtrji'txSJS'S Integrating 
demonstrate demand ^nufacturxng of mechanical component^ ^P    systems.  Experimentation in 
total system designs to facilitate manufacture ^"J^r •B»h««ll placed on rapid prototyping of 
advanced computing architectures will cont nue w1^ JaJ°^m^ale xntegrated architecture and 
very high performance sP^^i^^^^f^^^teerated capabilities for the design, fabrication, design efforts will focus on development of integrated capaoi^ ^m  ^ rap.d 

and tost of integratec circuits contain ng in «^f^^^ty.  Research in speech will produce 
prototyping of systems containing circuits of this complexity base retrieval and 
connectel-word speech systems that ""Pf^^isei interfaces will combine natural language and 
machine operating system commands. ^^ ^^"^ticipate work session scenarios will be 

Mi iQgtnnes 

n        Mil ftSt.nPAS' 

Last Years's 
Renn'-tftH  Plan. 

Current 
Plan 

Late F\   1984 
Mid FY 1985    Demonstrate multi-processor containing 1000 processors. 

[ j 
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Project: icca»a 
Program Element.   ^   fii IOIF 

USDR&E  Mission  Area,    ^an 

Title:    ArivannRfi  BjfJUJ   Itaifltiiau * tHdama  rnn^ptc 
Title:      DfifRHSP   Rftgparoh   Sninnnos 
Budget   Activity:      J Ter.hnnlngy   Raco 

Last Years's 
Rf!pnrtf>H Pi an 

Mid FY 1985 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Late FY 1986 

Current 
Plan 

Mid FY 1985 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Late FY 1986 

Late FY 1986 

Late FY 1986 

Late FY 1986 

End FY 1987 

Milestones 

Demonstrate Very Large Scale Integrated circuits 
containing l million transistors. 

Demonstrate Very Large Scale Integrated/Very High Speed 
Integrated Circuits CMOS design capability. 

Demonstrate automated resource management techniques. 

Demonstrate one company-level simulation network- bejrin 
second local area simulator network. 

Demonstrate Gallium Arsenide design capability. 

Demonstrate combined English/graphics user interface 
capabilities. 

Demonstrate, via simulation, algorithms for data 
reconstitution with mininal error and minimal 
communications between models. 

Demonstrate demand manufacture of Integrate Circuits 
components based on functional specification. 

Develop dosign techniques for integrated systems. 
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Program Element: iL_ßJ_LQlJE; 
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Title:  Advanr.pH Digital Sfriir.t.iirfiS K   Network r.nnr.ftpt.s 

Title:  nefens« RA^Aarrh Sr. ifinnns 

Budget Activity:  J Tenhnnlngy Ras» 

f.  Fxplanatinn of Milp^i-nnp nhangAs■ Construction of a multiprocessor having over 1000 
processors was delayed to allow production engineering of circuits to achieve the necessary yield 
and reliability. 
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FY   1986   RDTtE   DESCRIPTIVE   SUMMARY 

Project:  s rrs-a Title:     Mnrierniyatinn   fpr 
Title:      nftfftnSPi   Rfisparnh   SnJAnpAQ 
Budget   Activity:    J Tpnhnnlngy   BacQ 

Program Element: iflUQU 
USDRtE Mission Area: fian 

H. PR.O.IFr,T.S   OVER   .t7   MTMTnM   TKI   py   mf1. 

Univ^ltlS^^g^^ the capabilities  of U.S, 
maintaining a base of modern computing resources     [nadSiUontt?c  Proces«inß- *? Providing,   and 
computer  techniques   for normal   robotics  and  for «,.tnm^=;   ^^ls.focused on developing 
highlighted by  the Defense Sconce Board as  i JrltlSl S.!'?^««!!1!"'     Th^ mPdenization  area was 
leadership  in   information processinjüto h« ml nt»tnJ    %       .lriVestment   lf the US-   technology 
is  almost  twenty years  old     is  be  nf uLrad^d ?r™ ?«™   VEX1S£in? *^V™^•  which  in some caies 
single-user worLLtions  conffgu^^i^foca! ne^wor^s  g Einerim«ntri?g SyStfniS  t0 Powerful 

systems,   robotics  and  automated manufactCr n^      ?n  th« «r^     f       ^SOftware technology,   design 
to  explore  ways   in  which   in^ormauCn  processing Jan  close  the  ^n0^'^1^  eff0rtS   are  co"tinuing 
and  their concrete  realization  in  the   form of vi^u« l   mnnfi c       ^.between the generation of  ideas 
systems.     Research  in  robot cs     s   focused on H^^n^f'   p^lcal  objects,   or mechanical 

implementation of  real-time controllerrfor ef fective  snaM«? mlnf^ ? . • trUC^S' ■   Design and 

be pursued  and  techniques will  be explored to  imorov«  fK J5L^fSVf'ti2fl 0f P^!1^1  objects  will 
Providing automated assistance ior*7^\\l^Zl  K ÄC^^lL-Jo^Sr-d^^o^^^e^ 
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Project: 
Program Element: *fli miF 
USDR&E Mission Area: ft.sn 

Title:     Mfulerni 7.flt. inn   Tpnhnnlngy 
Title:     Defpn.';»   Rpgparrh   Spipmrps 
Budget   Activity:    J Tenhnnlngy   Rag» 

PROHRAM   ACnOMPl.TSHMENTS    AND   FlITLRF    PRdr.RAMS 

a. FY    1flH4   Arrnrnplishmpntq 
placed state-of-the-art equipment at 
maintenance.  Equipment included symb 
high-performance graphic capabilities 
A real-time controller for advanced m 
tactile sensing ^jbotic hand has been 
spatial reasoning system, autonomous 
including stereo perception, laser ra 
describing shape has been applied to 
description.  An effort in the use of 
been initiated. 

The experimental computer resource modernization effort 
a total of ten universities, along with appropriate 
olic processing machines with large address spaces and 
, file servers, network gateways, and local network hardware, 
anipulators with the interfacing of the controller to a 
demonstrated.  Work was initiated on the development of a 

navigation processes, and real-time 3-D scene understanding, 
nging, and optical flow.  The results of research in 
the prototyping of single objects based on their mathematical 
beta-splines to represent and modify geometric shapes has 

b. FY LftM Program: State-of 
maintained at critical research laborato 
continuing. Spatial reasoning is being 
representation in a low-cost mobile robo 
scrap and part bins while also filling s 
continuing and new work on robotic plann 
initiated. Techniques for autonomous pa 
are boing developed. Tradeoffs in tacti 
devices are being investigated with rega 

the-art computing resources are being provided and 
ries, and research efforts in the area of robotics are 
applied to a follow-on effort to implement spatial 
t that is capable of roaming a shop floor and emptying 
tock bins.  Work in robotic control and manipulators is 
ing and scheduling and robotic instruction is being 
ssive navigation based on landmark and obstacle recognition 
le sensing techniques and methods of control of grasping 
rd to accuracy and grasp stability. 

c.  FY Iftflfl Planned Prop-ram and Basis fnr FY in«« RBqnag«-■ Key universities will 
continue to be supplied with advanced computer resources and supporting maintenance.  By this time 
the price/performance ratio of symbolic computers will substantially decrease as new competitors 
enter the market.  In this year, most of the resources will go to locations that have not been 
major recipients of equipment in the recent past.  More complex tasks will be assigned to the 
factory floor-roving robot.  Work in robotic perception, manipulation, and control will progress to 
the 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project; I nr..S-3- 
Program Element: tffil IHIF. 
USDRtE Mission Area: UO. 

Title: MftaMalMliaa Tprhnnlngy . 
Title- npf"""» Rf-p^rrh teitPftM 
Budget Activity: 1  Tnrhnnlngv I—* 

point where fine discriminatory tasks 
performed.  Advances in robotic plann 

d   prf>eram tn rnmnlp.t.inn: 
continue, and robotic technology effo 
developed and demonstrated in unplann 
about spatial quantities, representat 
environment will be completed. Cooper 

^S
s^i rfos-'Seetop^n^ir^h. .orjcshop robot that reasons 

e. Mi_Las.tmias.: 

Last Year's 
Rppnrtpfi Plan 

Mid FY 1985 

Late FY 1985 

f. 

Current 
Elan  

Mid FY 1985 Continue computer resource modernization 

Late FY 1985 Prototype user-mediated robotic planning system. 

Mid FY 1986 Demonstration of manipulator parts insertion 

Late FY 1986 Initial demonstration of a mobile shop robot. 

.. • „ ^f T-nhntio olanning for autonomous navigation. Mid FY 1987  Demonstration of robotic piannmK 

^^Kr,inim<! for high-level robotic instruction. Late FY 1987 Develop techniques lor nign 

r^n^^n nf mHostnnP rhangas: Not Applicable. 
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ft   1986 RDTUE DESCRIPTIVE SUMMARY 

Proqram Element:  »62101E 
USDR&E Mission Arra:  530 

RESOURCES:  ($ in ThoUMng«) 

Title:  Technical Studies 
Budget ActivJl^i  1. Technology Bmn 

Project 
Number Title 

FY 1984 
Actual 

FY 196D 
Estimate 

TOTAL FOR PROGRAM ELEMENT   $1,200   Si,500 

FY 1986 
Estimate 

$1,800 

FY 198 7   Additional to 
Estimate   Completion 

$2,000 Continuing 

Total 
Estimated 
Cost 

N/A 

B.  BRIEF DESCRIPTION OF ELEMENT AND MISSION NPFn•  T^ 
studies and analy^iTTn support ot the Offifr^th. n 1 Pr^rarn Provides independent, topical, in-depth 
Engineering (OUSDR.E) , and^ts varies component omces" S^*^ 0*u DefenSe f0r Bes^ ^d dePth 

by the directors of Command, Control and Communic^fon c. Each year the most urgent subjects are chosen 
Warfare Research and Advanced Technology a^others'^f^10 ?* Theater Nuclear *>'<>-. Tactica! 
in-dePth answers to current and anticipated future p^obleL f''^^ f0r Defense »**lY— (IDA) provides 
rational judgements and decisions. problems assisting the decision makers to make more 

D.  OTHER APPROPRIATION FUNDS:  None. 

to tK^r^^sü:nt
TJSt5f^

r|«»^g«« s'peci^c9^■elem^t iS related to and contributes data 
of the Deputy Under Secretaries Defense R.^;^ Sp^Ciflc offices that have been supported include th^.f 
Communications and Intelligence- Acauis!tfnn ^   and fn9ineering (DUSDRSE) for:  CoSd  Controf 

Warfare Programs; and StraLgic'and^Th^^^rNuclLTFo^es?'"""' ^ AdVanCed ^^nolo^;' SctSi 
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Program BlSBantl  #62101E 
':SDR&E Mission Area:  530 

FY 1986 RÜT&K DESCRIPTIVE SUMMARY 

Title:  Technical Studies 
Budget Activity:  1.  Technology Base 

F  WORK PERPORMED BY:  This research is performed by the Institute tor Defense Analyses (IDA) 
Arlington, Virginia {FFRDC, 100%). ■ «ra«*3f«w« IIUA), 

6.  PROJECTS LESS THAN $7 MILLION IN FY 1986; 

In FY 1984, IDA performed tasks in areas related to strategic systems; major tactical air and land 

re^rch^iT/^ ^T™''   "^f1 V**™  P1«*1«"' problems lathi m^agement of basic and applied 
O^rtment of Defense!     t-hnol^V and issues associated with resource allocation managem^t !n the 

IDA performed several analyses, generally with work deadlines having to do with the President's Stratar 
d^ovL^  fatT-  K?6' für the Director of the Joint Staff, concerned the policy impftcatLns of   * 
deployment of a feasible near-term system.  Another, for the Strategic Defense Initiatives Office 

a^pllofarchltect^e."9"'1"0 aVailable technol^i- - «» -ar a^d mid-term to asSr^th^sign of 

SLS^SS.; Si'sarbTS^^-ttSJ io^ ASAT
 

Rystems'with particuiar ref— - 

KÄ^nti^2JfbS?lB3S.fa adoption of rules fLJed by the u-s- -r^^^t^Tc^utir0"1 

\ 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  ♦62101E 
USDPtE Mission Area:  530 Title:  Technical Studies 

Budget Activity:  1.  Technology Base 

it relates to military sys^rnfprolred a se^ofreco^nl^ ■ ^"^ of, lubrication and wear) technology as y     y   wmmm  proaucea a set of recommendations now being followed through by DARPA! 

In the field of tactical warfare 
Warsaw Pact counterair campaigns, 
helping the U.S. and NATO develop 
Pact air threat thru the 1990's. 
of Warsaw Pact forces in the area 
Technologies (ET) initiative of S 
for a general appreciation of wha 
(mainly Soviet) follow-on forces 
measures of how increments of naw 

P Thf  V^ ^oncl"deci a major study of the interaction of NATO and 
This study has played and will continue to play an important Dart in 

appropriate force postures and weapons cystems to deSthe WarsL 
Important work was also done in a major program concerned with attack 
behind the immediate battle area.  This relates to the Emerging 

ecretary Weinberger to the NATO allies.  This work will iorm^the basis 

Lfnr ^ SySten,S in What COT*inations can be effective in stalling WP 
betöre they can reach the battle area.  It will also develop general 
forces and systems can be traded off with older kinds of forces 

assistance in the development  execution and ^i?!    ^0l ?lan for Central European airspace in war, 
Colanders in Chief, uTTr^  ^F^^g^^ ™^ ^  the auspicL of 

study^'f^h^a^iJätion S^'t^S^tTSTLSiLS0:^ ^ a ""'r^ 0f '—'   includ^ a -^or 
maintainability of weapons and suooort «vL-L  n^     , f lmProv^^  ^e reliability and 
overhead costs^ototarcLt" in aircraft ™^^r ^S deluded study of the relationship of 

ultimate costs, and « ^St^S^.^SSlSSlc^ff^BjItS!108- f0rmS 0f «"*•"**« « 

• 
■ „  aMI 
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FY   1986   KDT&E  DESCRTPTIVE   SUMMAKY 

I'rogram  Element:      #62101C 
tJSDR&E Mission  Area:     530 Title:     Technical   Studies 

Budget Activity:      1.     Technology  Base 

In  FY  1986   several  efforts  are  continuinq  from FY   19R4   t-n  PV   IQHC;       TKDD„ ,,  IT    ■      -i   J 

technology base  problems,   including  advaLeHatL a  s,   elcctro-opticarLnsir^^he   i/0^ °n
n
def?nse 

for  Research  and  Advanced  TechMology     Tactica! Warfire   P *  Hl^  0f   the  DepUty  Ur'der  Secretaries 
and  Command,   Control,   SLSZSSiS'Jd JSillSSJ!  ^S ÄjS'^bfSl^S*" NUClear  FürCeS' 
important  at  that  time.     Xt  is  panned and  ^ST^tlS.-»^1^^^  Ien

astStheS  TouHiT 

I. Basic materials  research,   especially materials  of  interest  to SDI. 

Secretary  of  DefenL0^tiergL%W^c^n0o^ogIear!ET^init^tieesrarfare  ^^  ^  ^"^  **  S"^  0f 

units  and  Elated  tissues? "^  ^ ^^^  EUrOPean a"-sPace  ^"trol,   identification of  ground  control 

| ■■■■ 



rn ">,_ 

•c 

i 

Program Elemrnt:  #62101E 
USDR&E Mir.sion Area:  530 

FY 1986 RDT&E DESCKIPTIVE SUflMARY 

Title:  Technical Studies 
Budget Activity:  1 .  Technology Base 

cor.trol. 
4. Continuing work in support of Deputy Under Secretary of Defense (IPN) in the area of export 

5. Continuing work on the application of new technology to improve reliability and 
maintainability of weapon systems. 

H.  PROJECTS OVER $7 MILLION IN FY 1986:  Not applicable. 
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Program Element:     IgllQjK 
USDRSE Mission  Areal      530 

FY   1986   RDT&E  DESCRIPTIVE   SUMMARY 

Title: University Research Initiative (NEW START) 
Budget Activity:  T. Technology Base "" - 

RESOURCES:  ($ in Thousands) 

Project 
Number  Title 

FY 1984 
Actual 

FY 1985 
Estimate 

TOTAL FOR PROGRAM ELEMENT 

FY 1986 
Estimate 

$ 6,250 

Total 
FY 1987  Additional    Estimated 
Estimate  to Completion  Costs 

$ 12,500  $ 25..000 $ 43,750 

B.  BRIEF DESCRIPTION OF ELEMENT AND MISSION 
initiatives in sciences and technologies of 3 
Department of Defense (DoD). The focus is on 
which promise unique and innovative technoloq 
future DoD systems. Specific technical areas 
and thin film multilayer semiconductor and el 
(machine and artificial intelligence) to the 
innovative chemical synthesis of new ceramics 
wear; advanced materials and devices from bio 
research and, data storage concepts and media 
instrumentation as well as faculty, graduate 
necessary to execute the project 

NEEDi This project 
emonstrated or pote 
interdisciplinary 

ical breakthroughs 
to be addressed in 

ectro-optic structu 
design and f^bricat 
; surface chemical 
logy; university in 

Each initiative 
fellowships and res 

pursues new unive 
ntial long term si 
research thrusts o 
for use in the des 
elude: growth of 
res; application o 
ion of complex par 
effects in frictio 
terdisciplinary ce 
addresses funding 
earch assistantshi 

rsity based research 
gnificance to the 
f three year duration 
ign and fabrication of 
new bulk single crystal 
f expert systems 
ts and materials; 
n, lubrication, and 
nters for composites 
for equipment and 
ps and materials 

C-  SaSaSIggj BSa FY UU   DESCRIPTIVE SUMMARY:  Not Applicable   Thi« i.  _ 1, iiuc AppiicaDie.  This is a new start in FY 1986. 
D-  ^THER APPROPRIATION FUNDS:  Not Applicable. 

Defense.  This project will strengthen the DR^^fStrLL^antLirbr^porting6 ^ ^ ^^  ^ 

" ' ^  ' 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  #61103E 
USDR&E Mission Areal  5TÖ SSJ« ^^^W^^^^^BSL 

program, ..ei ,„„„, of ,OTeiqn d^^-ti^
1,,?"f^" 'Jj ^ ;'^'„?"'0nalJ

r";"ch "^  Jev.lop.ent' '' 
gy, and address urgent defense needs, «^  ~. .... rtll be p„f„„ea , „^..^ „^ ^ , __ ^ 

^'  PROJECTS LESS THAN S7 Mirrrm, r>, pY lW|  Th 
materials research concept-s in a sufficienti; earl 
moreSe?f' l^^^^^ry.   university based rese 
more efforts of up to three years duration  will i 

re^r^'plan^02'31/1^.9"'3-^-8^^^}^1 

research plan.  Specific initiatives are selected 

iaMon^TT^ scientific opportunities which addre 
fo? starts In"? 198^ ^f1^-^ program, and me" 
film nrowfh   FY «6 ine lüde:  semiconductor and 
film growth; application of expert systems to the 
advanced materials and devices from biology; elect 
interdisciplinary centers for composites rLearch 

s project explores defense relevant, 
y stage of development that are best 
arch initiatives. Each initiative wi 
nclude funding for necessary instrume 
as well as othrr necessary support to 
on the basis of the opportunity to ex 
ss urgent defense needs, fill large g 
t threats of foreign domination. Ini 
electro-optic bulk single crystal and 
design and fabrication of complex par 
ronic data storage technology; and un 

innovative 
addressed through 
11 cover one or 
ntaion, and 
implement its 

ploit emerging, 
aps in the 
tiatives planned 
multilayer thin 

ts and materials; 
iversity 

In FY 19 
Business 
meetings 
team wil 
is antic 
above, 
eruipmen 
fellowsh 

86 this project 
Daily notices 

Short draft 
1 select the be 
ipated that at 
Initial funding 
t necessary for 
ips.  Subsequen 

will be announced and described ¥n.  *-h„ ,„ A 
and briefings to the research conu^unUv at conf" COnmunit>' thro^h Commerce 
Planning proposals will be soughrfrom^hich a^""8 ^ 0ther aPPropriate 
st for small awards to partially suDoortcntc g°vernment technical evaluation 
least one award will be mlde in four or mnrr%

05v,Preparing formal Proposals, 
will emphasize acquisition and/or desLn and f H   l?4

itilltiv« a«as described 
the research efforts, and establishment of n fabr,catlon of state-of-the-art 

t years also will maintain S^Af.^pST!^! 'Z^^^^*' 

It 
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FY   1986   RDTS,E  DESCRIPTIVE   SUMMARY 

Proqram  Element:      #61103E 
USDR&E  Mission   Area: 530 

Title:  University Research Initiative (NEW START) 
Budget Activity:  1. Technology Base 

annual funding) to provide for maintenance and updating.  Proposal selection criteria will include: 
originality and potential impact of proposed research including the degree of interdisciplinarity; 
demonstrated quality of research staff and graduate students as evidenced by prior and on-going research 
achievements, especially in materials research pertinent to the proposed effort; university commitment to 
the research area as evidenced by facility investment, faculty tenure track appointments, and research 
support from other sources; the extent to which industrial interactions are evident; and viability of a 
long term plan to develop support for continuation of the effort as the DARPA effort nears completion. 

A second competitive round seeking research efforts in the initiatives described above will be executed 
in FY 1987.  Additional initiative areas will be considered such as mechanical behavior of composite 
materials, synthesis of new materials with tailored electromagnetic properties, chemistry of highly 
energetic materials, ultraviolet and visible laser-material interactions, and integrated optoelectronic 
circuit design and processing.  Research efforts initiated in FY 1986 will complete purchase and/or 
construction and installation of instrumentation and equipment phases and achieve full level of research 
operations by the end of FY 1987.  Research accomplishments will be forthcoming from these efforts 
beginning in mid FY 1987. 

I!. PROJECTS OVER $7 MILLION IN FY 1986:  Not Applicable. 
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Program Element:  I62301E 
USDR&E Mission Area:  530 

FY 198fi ROTIrS DESCRIPTIVE SUMMARY 

Title:  Strategic Technology 
Budget Activity:  1.  Technology Base 

RESOURCES (Project Listing);  (g in Thousands) 

Project 
Number Title 

FY 1984  FY 1985   FY 1986 
Actual   Estimate Estimate 

Total 
FY 1987    Additional   Estimated 
Estimate  To Completion  Costs 

FY 1986 TOTAL FOP PROGRAM ELEMENT 

8T-1    Advanced Strategic Concepts & 
Strategic Technical Analysis 

ST-2    Space Surveillance & Advanced 
Optics 

ST-3 High Energy Laser Technology 

ST-4 Strategic Deterrent 

ST-5 Strategic Delivery Vehicles 

ST-6 Warning Technology 

ST-7 Special Applications Technology 15,198 

ST-8 Space Object Identification 

ST-9 Submarine Laser Communications  18,952 

ST-10 Strategic Computing 

ST-11 Intelligent Systems 

207,734 165,750 254,400-/ 315,100-/ Continuing N/A 

5,599 3,350 4,600 4,400 Continuing N/A 

17,457 -0- -0- -0- -0- 185,682 

63,983 -0- -0- -0- -0- 402,590 

6,863 -0- -0- -0- -0- 37,334 

14,904 16,309 10,000 21,900 Continuing N/A 

13,805 10,400 -0- -0- -0- 96,391 

15,198 6,791 10,000 25,600 Continuing N/A 

1,875 -0- -0- -0- -0- 39,016 

18,952 34,900 28,500 5,700 -0- N/A 

49,098 72,000 142,000 150,000 Continuing N/A 

-0- 21,500 25,400 32,100 Continuing N/A 
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Program Klement: »62301E 
I'SDRiE Mission Areal  530 

FY 1986 RDTSE DESCRIPTIVE SUMMARY 

Title:  StrJate£icTechnoloqy 
Budget Activity:  F. Technoloc 

Project 
Number 

ST-12 

Title 

Quantum Electro-Optics 

FY 19R4  FY 1985   FY 1986 
Actual_ Estimate Estimate 

ST-13  Strategic Air Cruise Missile 
defense 

-0- 

-0- 

23,500 

10,200 

lL]lBl „Additional  Estimated 
Estimate  To Completion   Costs 

41,000 

34,400 

Continuing 

Continuing 

N/A 

N/A 

The Advanced 
thoroughly ev 
technological 
evaluating th 
new initiativ 
technology on 
to support th 
feasibility a 
technological 
Strategic Ana 
within DAPPA 
strategic con 

aLra%^^^dePsttraaSgIceCsy^eai T^T  ^^ **«**" 
issues and establish IxperimenLr^T^ ^ Systenl te^no 

*   implications of technoloav on f^,f 0rtS Which are:  to P 
es that could significantly a?tPr I f6/6^0"5 SyStem desi'J 
strategic polic? and conversely the ."P ftectivenesS; t 

ie Office of the Under Secretar^nf nJ  ,nüloglcal ^"e.t 
nd priorities on present and nrnro  f n"86 t0r Search and 
and capability imp^cation^ ^0p0sed RiD Programs and to t 

lysis Task provides basic -.naTvtT^t0^ ^^ Provisions. 
and for OUSDR&E, while the nei^n?^  fusibility for new st 

cepts and techn^og/thr^gh^both1^^^!: ^£°^ 

s are to identify and 
logies in order to define critical 
rovide a basis for defining and 
ns and capabilities; to develop 
o assess the implications of new- 
ions of new strategic policy; and 
Engineering in establishing 
echmcally evaluate the 
This project through its Advanced 

rategic technology programs both 
seed funding for advanced 
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FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Program Element: #62301E 
USDP»,E Mission Area:  530 

Title:  Strategic Technology 
Budget Activity:  1. Technology Base 

The Strategic Delivery Vehicle Project in FY 1986 will integrate emerging aircraft materials, 
propulsion  fuels and aerodynamics technologies into the design of an advanced air vehicle capable of 
cither sustained, endo-atmospheric hypersonic (mach 25) cruise or single stage to orbit operations 
phenomena which currently limit supersonic and hypersonic air breathing propulsion system 
investigated and advanced technologies applied to reduce or eliminate current limitations 

The 
s will be 

The Warning Technology project consists of Detection of Aircraft - HI-CAMP (TIARA) (transitions to 

proS S!TrJn 5J2i2ifi>!
rärs TV- ™pi986,i precisiori pointi^ - ^^»srussitii» to Picoect ST-12 in FY 1986); and Detection from Space (transitioned to the President's Strategic Deterrent 

Initiative (SDI) program in FY 1985 Program Element 63220C).  Detection of Aircraft includes the 
aetermmation of the Infrared (IR) signatures of:  (1) strategic aircraft (primary target) and cruise 
«5 liViJ2' /ntf ^"^"tal and submarine launched ballistic missiles; (3)  ground and sea targets- 
and  4) the natural and perturbed backgrounds against which these targets are obLrved from a spacebor^e 
or airborne IR surveillance sensor.  This program will provide the daL base for the design of advanced 
space surveillance systems and will guide the development of the technology base.  Detection from Space 
consists of the development of the core technology for space-based, multi-mission radar concepts? P 

The Special Application Technology Project in FY 1986 consists of two manor thrusts:  Strategie 
e^entT tT5 Sf ^ Ac0"stic Chal^ Transport (ACT) .  Strategic Communications is composed of several 
f™^;.^ Prlmai-y 0"e being a vertical Very Low Frequency (VLF)/Extremely Low Frequency (ELF) 
transnorted tn    UrTatl0n f^!!"*.. ThiS.iS * ball00n suPPorted vertical dipole antenna that can be 
hTnK:" ub^rlnffle^3' attaCk SUrvivable VLF/ELF *******  Action Message (EAM) delivery system to 

The Acoustic Charge Transport (ACT) 
technique which promises to revolut 
radar, signal intercept, and reconn 
Gallium-Arsenide microcircuit signa 
digital processors currently envisi 
applications. ACT devices are simi 
(SAW) devices in use today, but are 
overcome most limitations of SAWs a 
transition ACT technology from a co 

Program utilizes a newly-discovered solid state microcircuit 
ionize much of the signal processing done in military communications, 
aissance systems.  The process will lead to a class of radiation-hard 
1 processors which are many orders of magnitude smaller and faster than 
oned, yet have sufficient accuracy to compete for many of their 
lar in concept to charge-ccupled device (CCD) and surface acoustic wave 
capable of achieving bandwidths and dynamic operating ranges which 

nd CCDs.  The Acoustic Charge Transport Device program is structured to 
ncept to system-ready devices as quickly as possible. 

:. ■ ^ 
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FY 1986 KDT&E DESCRIPTIVE SUMMARY 

Program Element: #62301E 
USDR&E Mission Area: 530 

Title;:  Strategic Technology 
Budget Activity:  1. Technology Base 

The DARPA/Navy Submarine Laser Communications (SLC) Project is developing the technology necessary 
for providing critical underwater communications using blue-green lasers.  The specific payoffs of this 
technology would be:  (I) providing critical messages to Fleet Ballistic-Nuclear Missile Submarines 
(SSBNs) at depth without compromising the submarine's natural covertness, thus helping to ensure the SSBN 
force's continued high level ol survivability; (2) increased robustness and survivability of the Command, 
Control and Communications (C3) system well into the post-attack period; (3) allowing the Nuclear 
Submarine (SSN) to work most effectively in its own environment while providing threat and target 
intelligence information to it in real time; and (4) controlling a broad variety of pre-placed underwater 
assets, such as minefields and acoustic arrays. 

The Strategic Computing Project is an effort to develop and demonstrate super intelligent computers 
for application to critical problems in Defense.  It draws directly on the basic research results from the 
Intelligent Systems Project (ST-11), and augments them to provide specific future defense capabilities 
using advanced computer technology. 

The Intelligent Systems Project undertakes fundamental investigations into the limits of the digital 
computer's capabilities for intelligent processing in selected areas of military relevance. The results 
of this basic research are to be exploited in the Strategic Computing Project (ST-10). 

The objective of the Advanced Quantum Electro-Optics Project is to develop optical technologies to 
make possible a broad range of new military capabilities. 

Strategic Air Cruise Missile Defense is a new project that consolidates previous efforts under 
project ST-1.  The project objectives are to identify and to develop techniques for surveillance of 
high survivability performance vehicles (HSPVs) by exploiting the natural environment.  Potential threat 
vehicles include aircraft, cruise missiles or satellites.  Mission functions addressed include surveillance 
(acquisition, track, identification), targeting and kill assessment. 

C.   COMPARISON WITH FY 1985 DESCRIPTIVE SUMMARY; 

Advanced Strategic Concepts and Strategic Technical Analysis - FY 1985 funding did not change but FY 
1986 funding decreased due to reduced requirements relating to transferred Strategic Defense Initiative 
(SDI) efforts. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element: #62301E 
USDRiE Mission Area; 530 

Title:  Strategic Technology 
Budget Activity:  1. Technology Base 

Space Surveillance and Advanced Optics - No change has occurred in 1'Y 1985 and FY 1986 funding as all 
funds have been transferred to the Strategic Defense Initiative Organization in PE 63220C. 

High Energy Laser Technology - FY 1985 and FY 1986 funds for Blue Green Laser Technology and 
Exploratory Laser Research have been transferred to the Submarine Laser Communications Project ST-9. 

Strategic Deterrent - FY 1985 and FY 1986 funds have been eliminated due to the completion of the 
Impactor Technology program and the transition of the Ballistic Intercept Missile (BIM) program from a 
technology effort to a demonstration program funded in FY 1986 as a new project in PE 63226E, EE-16. 

Strategic Delivery Vehicles - FY 10S5 and FY 1986 funding has decreased due to:  the completion of 
DARPA funding for the High Power Tiansmisaion portion of the Heavy Lift Helicopter program the transfer of 
the Advanced Cruise Missile Program to PE 63226E, Project, EE-19; and the transfer of the Convertible 
Engine Technology development into a new joint DARPA/NASA initiative titled Adaptive Control Engine.  The 
FY 1986 funds will initiate a new thrust in advanced air vehicle design called Copper Canyon. 

Warning Technology - FY 1985 funding has decreased and FY 1986 funding eliminated due to the 
transition of the Hichly Calibrated Airborne Measurement (HI-CAMr) program (TIARA) to a demonstration 
program funded in PE 63226E Project, EE-17 and the transfer of precision pointing technology to a new 
project, ET-12. 

Special Applications Technology - FY 1985 and FY 1986 funding has doubled due to an increase in 
Acoustic Change Transport (ACT) technology development funds in order to investigate ACT phenomenology, 
prepare accurate analytical models of the ACT process for performance prediction; and design, fabricate, 
test and evaluate related ACT devices and components. 

Space Object Identification (TIARA) 
with last year's submission. 

The project was completed in FY 1984 and there is no change 

Submarine Laser Communication - FY 1985 and FY 1986 funding has increased due to the inclusion of the 
Blue-Green laser Technology and Exploratory Laser Research programs from Project ST-3. 

'.i'~l^^: ,.*>*.*   - r 
I 
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Program Element: #62301E 
USDR&E Mission Area; 5 30 

FY 1986 KDT&E DESCKIPTIVE SUMHAKY 

Title:  Strategic Technology 
Budget Activity:  1. Technology Base 

Strategic Computing - FY 1985 and FY 1986 funding has not changed. 

Intelligent Systems - This is a new project due to Congressional redirection of Proiect No. CCS-01 
from PE S1101E, in FY ]985. 

Advanced Quantum Electro-Optics - This is a new project starting in FY 1986. 

strategic Air Cruise Missile Defense (SACM) - This is a new project starting in FY 1986 utilizing 
basic efforts funded in FY 1985 in Project ST-1 to identify and develop techniques for surveillance of a 
high survivability performance air vehicles. 

D.  OTHER APPROPKIATION FUNDS:  Not applicable. 

B.  RELATED ACTIVITIES:  (Projects with FY 1986 Funding) 

The Advanced Strategic Concepts and Technical Analysis project relates directly to programs of the 
Office of the Under Secretary of Defense for Research and Engineering, the Air Force Aeronautical Systems 
Division, the Army Ballistic Missile Defense Advanced Technology Center, the Air Force Space Division, the 
Air Force Pome Air Development Center, and the Naval Ocean Systems Center. 

The Strategic Delivery Vehicles Project in FY 1986 is being conducted jointly with the U.S. Air Force 
and is directly related to current Air Force Space Division requirements and programs to develop vehicles 
for aerospace operations. 

The Special Applications Technology Project is related to programs of the Directorate of Space 
Systems and Command, Control Communications at Headquarters Air Force, the Air Force Rome Air Development 
Center, the Defense Communications Agency, the Minimum Essential Emergency Communications Program (MEECP) 
the Naval Electronic Systems Command, and the Office of Naval Research. ' 

For the Submarine Laser Communications Project there are several supporting Navy program in areas 
such as blue-qreen laser technology and optical oceanography.  Other major technology areas, such as space 
optical systems and atmospheric compensation, are coordinated with ongoing Air Force, Navy, and DARPA 



FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element: ♦6230ir 
USDR&E Mission Area:  530 

Title:  Strategic Technology 
Budget Activity:  1. Technology Base 

programs through a variety of formal and informal mechanisms including joint use of facilities, personnel, 
and contracting agente. 

In Strategic Computing the Defense Software Technology Initi 
developing single processor software environments based on t 
Ada Programming Support Environmeiits to support conventional 
Integrated Circuit program is addressing special purpose VLS 
applications. The S-l multiprocessor system under developme 
exploring one approach to multiprocessor architecture potent 
applications. National Bureau of Standards will support mai 
developed under this program to the research community at la 
architecture benchmarking activities. The Services, Nationa 
Agency have all initiated Artificial Intelligence (AI) Cente 
technology to, and using the technology developed by the gen 
Supercomputer Research Division of Institute for Defense Ana 
evaluation of selected multiprocessor system architectures. 

ative will augment this effort by 
he Ada Programming language and by providing 
software practices.  The Very High Speed 

I chips for military signal processing 
nt by the Navy and Department of Energy is 
ially useful for superspeed computer 
ntenance and dissemination of speech databases 
rge and will support multiprocessor system 
1 Security Agency, and Central Intelligence 
rs that offer the potential of contributing 
eric AI component of this effort.  The 
lyses, established by DoD, will assist in the 

The National Science Foundation, the National Institute of Health, the National Aeronautics and Space 
Administration, the Office of Naval Research, the Air Force Office of Scientific Research, the Naval 
Research Laboratory, the Naval Electronic Systems Command, the Defense Mapping Agency, Rome Air 
Development Center, the Army Engineering Topographic Laboratory, and Air Force Avionics Laboratory also 
support artificial intelligence research.  These efforts address image understanding, expert systems 
technology, industrial automation, analytical chemistry, immunology, natural language understanding, 
deep-space and undersea probes, information fusion, and management decision aids.  Techniques developed in 
this project have widespread applicability throughout the Defense Department.  Close coordination with 
prospective users is maintained through workshops, site visits, tne choice of contracting agents, and 
joint programs.  Examples of joint programs include the image understanding and natural language database 
interface work being performed in conjunction with the Defense M.ipping Agency and the image understanding 
for port monitoring work conducted with the Central Intelligence Agency and Office of Naval Research.  In 
the area of software generation, the Ada Joint Projects Office (AJPO) is funding work in software 
engineering and a new government Software Engineering Institute is to be developed.  DARPA's work in 
new-generation software development involves more advanced research and complements the other software 
engineering work described above. 

,f 
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FY 1986 HDT&E DESCKIPTIVE SUMMARY 

Program Element: #62301E 
USDR&E Mission Area:  530 Title:  Strategic Technology 

Budget Activityl  1. Technology Base 

^^ing'technology^ilrbe^ili; c^rd^ated" thr^h 1^  "^   'l  ^^  ^^   «^ 
Force programs currently ongoing a^Rome Ai^Dele" Sent'cent't' ^^^  meetings, with related Air 
Space Command. * lr uevelopment Center, Air Force Space Division and Air Force 

P^rsi? J&^^üäS^ ^iTrl^llTii tilt's ttlTi ^ «r-f11«- eff—- 
Navy and Air Force participation to ^ordin^rinternal s^rvL^rSg^Ls! * Steering COnmittee with Army, 

WORK_PERFORMED BY:  (Projects with FY 1986 Funding) 

c^uSd^ylnl^tS?^: mä^^ScJrfa^1 ^^'i A11 ?  ^  ***1«* ^rts  are 
California; Toyon Research, Santa Barbara California  A^I fese"=h Corporation, Santa Barbara, 
erected Xechnologies Xnc., Mc.ean, Äi^Ä^^^ 

General Corp., Sacramento, California; General Ipnlied SLf TK"7'/3
" 

NUyS' Califoral., Aerojet 
Dupont Aerospace, Long Beach, Califor^arand Science AppMcation?nfrl:S' ^'i   Westb^y'   »« TOTk, 
T.-house support is provided by the »^kSJoS^iPSSJiS/SS^JSSj^^^r JerSfcy- 

Santa Monica, California. the balance d°™  by Pacific-Sierra Research Corporation of 

Submarine Laser Communications:  (85%) T»Amm*wm     /T«I 
laboratories.  Contractors Sladi, ^5 SeriircSÜ^"1^^ "f (13%, government in-house 
Astronautics Company, St. Louis, Missouri  CTFSvW^^PMy'.LOS An^eles' California; McDonnell Douglas 
Space Company, Palo Alto, S^rSirÄ.^Sir^iJSSSS.TiS^^f?rB4•, LOCkheed "i-^es and 
Peninsula, California; Rockwell International  Canoäa Park ^Th' Nofhr°P Corporation, Palos Verdes 

>( 
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Program  Element:   #62301E 
OSDRSE  Mission  Areal      530 

FV   1986   RDTSE  DESCRIPTIVE   SUWIARY 

I^16'-     Strate^icTechnology 
BUdget *cTI^l~T7^chKoloaV Base 

^*-ratGgic Computinq*  43» n 

Technolog,' cSbr?l5.?12;^Su«2i.,^i?^torf*tt* CorP' ^SirStS^iSff^ Pittsburgh; Columbia 
Standards, Gaitherr.bu^q  Mar^nH  v' "^ Llncoln Laboratory, Lexino^on  M^  ^  ChUSettS Institute of 
international. Thousand'oaks7 Can f^ 0Cean Systems ^ntlr,   San Diego M^Sf^husetts- ^tional Bureau of 
Inc., Da] Jas TPV^C ^- u  ' Callf omia; Stanford Universitv aimJiZzP'   Callfornia; Rockwell 

Intelligent 
and Newman, 
University, 
Inc., Mount 
California; 
Brunswick, 
Stanford Un 
Hassachustt 
Southern Ca 

Systems:  354 Industry 58% tin' 

ain view SlifornT Y"k'- ^^onmental Research Institute of MTH •PennSylVania'- Columbia 
Massachusetts ?netUutror/erarCh Lab-' MalibG? CaUfornL Ke^tr^i' r^f1"9' Mich^^   ESL, 

antum Elp,~*-™_r..,*. .<   _. . ^unecicut. Advanced Quantum Electro-Optics- 

The Advanced Air Defense oroipr-f I 
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Program Element: ♦62301K 
USDR6.E Mission Area:  530 

FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Title:  Strategic Technology 
Budget Activity:  1. Technology Base 

G.   PROJECTS LESS THAN $7 MILLION IN FY 1986: 

Advanced Strategic Concepts & Strategic Technical Analysis - This project supports the ««"^ »*«*  S 
Under Secretary of Defense for Research and Engineering (Strategic and Tactical Nuclear Forces) (OUSDR&E 
(SiTNF)) In OF.tablishing feasibility and priorities on present and proposed R&D programs and to 
technically evaluate the technological and capability implications of various policy and treaty 
orovi'dons  This effort in FY 1985 and FY 1986 provides basic analytical feasibility foi strategic 
programs for OUSDRSE IBVOtt)   and frequently assists them in addressing current or potential issues raised 
by Congress.  Because of the diverse nature of this program, the technical ob]ectives vary from task to 
task.  OUSDRSE (SiTNF) determines the specific task objectives. 

This project also defines and evaluates the implications of technology on future weapons system 
designs and capabilities; to develop new initiatives that could significantly alter military 
effectiveness; and to assess both the implications of new technology on strategic policy and the 
technological implications of new strategic policy. 

FY 1984 accomplishments include OUSDR&E (S&TNF) directed studies in bomber modernization issuer- 
strategic air defense penetration; and bomber force sustainability.  New initiatives m FY 1984 included 
DAPPA directed studies in technologies for the Rapid Deployment Force; hybrid bistatic radar concepts; 
joint theater counter strike technology, imprecisely located target detection; analog cryptography, and 
meteor burst electronic warfare.  FY 1985 efforts include the imprecisely located target detection study, 
and the initiation of air vehicle target detection called Advanced Air Defense which is being transferred 
in FY 1986 to a new project number ST-13. 

Support in FY 1985 continues for OUSDR&E (S&TNF) in evaluating the impacts and technology needs for 
survivability, endurance and effectiveness of strategic forces.  Two continuing efforts will assess 
modernization of the airbreathing leg of the TRIAD (and associated weaponry) and wartime endurance of 
strategic forces. 

FY 1986 objectives will be identical to those in FY 1985.  Specific efforts will be selected on the 
basis of highest potential payoff and relative importance of strategic issues addressed. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element: ♦62301E 
USDR&E Mission Area:  530 Title:  Strategic Technology 

Budget Activity:  1. Technology Bas^j 

T^se^th^rSret^s^ul ^fJSr^ilJSjTL'S.'^Jä ***)?** "^  —"two years, 
technology, new concepts or new milltarv nrnh?^   •    Services or to new DARPA thrusts.  As new 

initiated deternunffe^ibm^^^eSo^l ^^X^^**5  ^ »***"«>  will be 

VJarning Tech 
Aircraft (HI 
The HI-CAMP 
sensor and t 
Operational 
aircraft tak 
Air Force an 
over Canadia 
six-foot squ 
of monolithi 
lens test wa 
fabricated a 

nology - During FY 1984 detailed mis 
-CAMP) program (TIARA) with several 
II system was successfully flight te 
he gimbal platform were integrated i 
flights were conducted against targe 
eotf from airfield and carrier ships 
d Navy,  A US-Canadian cooperative f 
n arctic backgrounds.  In Detection 
are, space-fed lens continued and a 
C phase-shift chips were completed a 
s begun.  The first fully monolithic 
nd evaluated. 

sion planning wa 
test missions fl 
sted and initial 
nto the aircraft 
t aircraft, heli 
and Army target 

light series was 
from Space, fabr 
new lens test fi 
nd production of 

single chip X- 

s accomplished in the Detection of 
own to validate design and performance. 
operational flights were flown.  The 
and the engineering arrays were upgraded, 

copters, rehearsals for TEAL RUBY, F-14 
s.  Many of these flights were funded by the 
also made with Canadian and US targets 

ication of the New (approximately) 
xture was completed.  Fabrication and test 
controllable modules for use in the array 

band transceiver was successfully 

co.tlnie85 JiisTrog a^w K Vlole^y  coo d^n^d^t^.r^^ "^ —*n,ent program will 
will perform TEAL HUBY rehearsal missions inclüdinc rl^nlt     ^ 5°" exPe™nt ^"1« planning and 
the HI-CAMP program transitions to project EE-npE6?226F        navigation experiments.  In FY 1986 
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FY 1PP6 ppTfcF DESCRIPTIVK SDMMAW 

Piojecti ST-^ 
Titlm  Ptrat-.pqic Pol Ivory Vehicles 
Title:  S+rflt-Pcnr Tfrhpolnqy 
Budget: Activit-.v:  T) Tgchnoloqy Pnse 

Prnqram FlPinpnt:  #6P?n 1 F 
USPP&E Mlspion Area:  530 

"•  PPOJRCTS PVKR $7 MTT.T.TOK' TN FY 19RP; 

"[„2,.^!^ vrh,rlp "PpTj 2* horlBontal tako-nff ann lanHinq. Such a vahlela would hava t asihlllfA 

■ignifleantly larger pa-load fraction.  Potential applioations include manned strategic bomber and 
raconnalaaanca pl«tfor» with wry high ■urvivablllt? and rapid response ■trlto'.uppl? alSloJJ  «rea<- of 
IZTtT:  r1^ lnCl2<!e ^P^^^^l fl->^ mechanics, hypersonic la«lnar boundar- flow  engine i nlet 
shock wave structure and other flaldfl related to design of an integrated airframe/propulsion 
configuration with the required performance. fmi.wi.ar 

2-     PlESr^ Accomplishments and Future Programs:  The technical ohiective is to determine the 
™tt   Sr.^' n-T methods 01  propulsion for air vehicles that would have militarv application in the 
.Oth »ntury.  Critical issues include those associated with an efficient engine cvc e selection an 
engine combustor, inlet and nozzle design for minimum losses.  Significant new advancements which »v 

SSSiS*"^?:*^^ 'Snfrf mTri*]S!   hiqh  Pnf>^V «•«•1*y fuels «S comnutationalnS d   " mechanics.  The latter area utilizes the culmination of more than ?n vears research and develonmenf in 
numerical methods and computer hardware to soWe the qoverninq flow equations! <^elopment in 

. .     b-  FVJjf^ Program:  During Fv IffS, ft,!] Vavior  Stokes computational flmid mechanics codes are 
br.= ng exercised on TYPFP and CPAY supercomputers to establish correlaMon with «iltiw experimental 
data   Testing activities include limited wind tunnel investications and critical propulsion concept 
experiments.  A svstem cycle is to be chosen for furthPr examination if studies IndKKa fS.lbilitJ 
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Proient-,:  OT-5 
Proqram rlemf-nl-:  *fi??0 1F 
t'SDP&F Mission Arpa :  S?n 

PY 1986 PDTfiF nFSCPTP'T'TVK StIMMAPY 

Titip;  itratWJC DP 1 ivfrv VchiclfiS 
Titl«!  Pt:ratfiqir- ^pchpolngv 
Pudqet AciTTviTvl  1 .  "'pchnnloqv Rasp 

During FY TOPS, the prooram is prornpdinq into a pa-month romponent anrl aubsystMO validation phase to 
dpmonstratP fPasihilitv of thP critiral engine components, fuel compatibility and critical vehicle 
structures and aerodynamics. 

c   FY 10R6 Planned Program and Basis for FY 19R6 Peguest:  The selected cvcle will he subiected 
to more detailed anaWsis and test.  Various w^nd tunnel facllitTes will he utilized to explore potential 
flight reqimes.  Vehicle studies will be conducted to insure proper propulsion intearation. 

d   Proqram to Tompletion:  nependina upon the results of parli.pr phases, HAPPA will consider 
tending the neneric propulsion technoloqv activities so as to achieve some tvpe of propulsion concept ex 

demonstrati on. 

Wilestones; 

Last vear's 
Peportpd Plan 

Current 
Plan   

T.atp FY 19^ 

Late Tt   IfRS 

Mid FY 19R6 

T.ate FY 19R6 

Milestones 

Conduct critical technoloqv experiments. 

Select advanced propulsion cvcle. 

Rpview detailed advanced cvcle desion/analvsis test data. 

Examine enrri ne/airf rame intenrated concepts. 

f.  Explanation of Milestone Changes;  Not Applicable. 
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FY 19Rfi PPT&E DESCRIPTIVE SUMMARY 

Proiprl-:  »ST-? 
Program Element:  «62301E 
USDPiE Mission Area:  530 

Title:  Special Application Technology 
Title:  Strategic Technology 
Budget Activity:  1.  Technology Base 

H. PROJECTS OVER $7 MILLION IN FY l^Rfi 

1. Project Description:  The Special Applications Technology project will exploit recent advances in 
signal processing techniques for, spread spectrum and low probability of intercept (LDI) communications, 
very wideband signal intercept receivers, vertical VLF/ELF communications technologies, AM internetting. 
Until recently contraints of cost, speed, capacity and the need for conversion from analog to digital 
formats have hampered exploitation of spread spectrum and LPI communications.  The recent breakthrough in 
the Acoustic Charge Transport (ACT) process, a hybird analog/digital device technology, makes possible 
small, low cost, low power microelectronic components for advanced large dynamic range, large processing 
gain, extremely wide bandwidth, radiation hard, radar and signal processing systems.  Signal processors 
using ACT devices will replace current digital array processors with single-chip analog devices of 
greater capability.  The VLF/ELF, (Aerostat supported FLF/VLF Transmitter, ASET) transportable 
communication system is a system supporting the Fleet Ballistic Missile (FBM) force.  AM Internetting 
uses the AM radio broadcast stations to establish a network capable of surviving an Electromagnetic Pulse 
attack.  Voice capabilities from AM int<rrnetted stations are achievable without normal programming 
interference by applying advanced modulation schemes and advanced voice encoder equipment.  To support 
strategic communications, monolithic array module technology is being developed to provide low cos' 
satellite terminals. 

2. Program Accomplishments and Future Programs; 

a.  FY 1984 Accomplishments:  ACT fabrication and test facilities were established that include 
a metalization capability, photolithographic processing and inspection equipment and the standard and 
custom instrumentation needed to perform DC, microwave and ultrasonic testing on experimental ACT 
devices.  The conceptual feasibility of using an ACT tap-delay line as the basis for a number of advanced 
signal processing components was established.  Detailed configuration designs and operational concept for 
the VLF/ELF program continued.  Additional characterization data was obtained on the discrete device. 

■■'V /I 
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Project:  »ST-7 
Program Element:  <62301E 
USDR&F Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

l^ll*'-     *P*cial  Application Technology 
TltlP:  Strategic Technnlo^T"  
»««9»t Activity:  1. Technology Ra^ 

fabricate 
est imated 
and test 
initiated 
combi ned 
four othe 
Detailed 
devices i 

b.  FY 
d and tests 

1985   Program; 

to be achiev 
prototype ACT 
by implement 

with the ACT 
r ACT devices 
VLF/ELF desig 
s continuing 

, con^^'ted^to'v^Uda eCfaEr[LtIornan^ort ^ 5^2^^ «^iC" *" *•*** 
eable from theoretical models!  A capab litv ^T^ and ^^ P^^ters 
.devices is being evolved.  D^efopment ^ a ha.fc31^' 7**1'   0Ptin,ize' fabricate 
Ing high speed processing of either inal on ^Slc 'f^faro module is being 
tap-delay line [0   form J analog/dlgi^ ^te/f^e ^on

1'"318-  ThiS ä™ic.\,ni  be 
needed to form an analog/digital array nröce«^      ' comPonent.  Development of 

ns at subsystem level anl ^^^^J^S^TS^^^^^ 

proof-of-prlncf^l|/l|^f^^ Fabrication and test of a 

assembly and checkout of eiectrical^nd m^ch^^cL^^^ SÄ^S ^l^^*^ 

ss^ai^giHg aaeKia: iiss^yisstjL*:: s ADI
 

anaiog —^«- — 
and tested during FY 1988.  Monolithic integration n?;^St0r ProCG88^ will be designed, fabricated 
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FY 10R6 PDT&E DESCRIPTIVE SUMMARY 

Projort; #ST-7 
Program Element:  «623n]F 
USDRsE Million Area:  530 

Title:  Sperial Application Technoloc|Y 
Title:  Strategic Technology 
Bndget Activity:  1. Technology Base 

wniehenTn11 ^L^ ^t^ '   ^f'Khr  ^per imen tat ion including field strength and pattern measurements 
will begin   Investi.jctions of transportability and set up times will be made at the completion of the 

e.  Milestones: 

Last Year's 
Reported Plan 

Mid FY 1985 

Mid FY 1987 

Current 
Plan 

Mid FY 1985 

Late FY 198 6 

Late FY 1986 

Early FY 1987 

Late FY 1987 

Mi lestones 

Initiate Acoustic Charge Transport (ACT) Analog/Digital 
Interface (ADI) analog memory and vector processor 
feasibility device development.  Initiate VLF/ELF detailed 
subsystem design. 

Complete fabrication, test and evaluate Acoustic Charge 
Transport (ACT) feasibility model devices.  Continue 
development of EHF devices. 

Initiate development of optimized ACT devices and 
'.nalog/Digital Array Processor (ADAP) feasibility model 
device. 

Initiate demonstration Vertical VLF/ELF Communications 
System. 

Conduct VLF/ELF transmission test; demonstrate 
transportability of the VLF/ELF communication 
system. 
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Proiort:  #ST-7 
Program Elpment:  #P2301E 
USDRiE Mission Area:  530 

FY 1986 RDTSE DESCRIPTIVE ROMMARY 

Title; 

I>ast   Year's 
Reported   Plan 

Current 
Plan 

Earlv FY 1988 

Special Application Technology 
Title: Strategic Technolog ~^ 
Budget Activity:  1. Technology Base 

Milestones 

Complete development of optimized ACT devices and evaluate 
ADAP feasibility model device. 

Complete development of optimized monolithic ADAP for 
incorporated as component in selected systems applications. 

proc^hefi^^^^rs/S^ 2LSS'SoÄ"K.Ä*"'" i""dlna" 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project: »ST-9 
Program Element; #62301E 

Title: 
Title: 

Submarine Laser Communications 

USDR&E Mission Area:  530 
Strategic Technology 

Budget Activity:  1.  Technology Base 

H, 

the 
spec 
Miss 
to e 
surv 
(3 
prov 
vari 

PROJECTS OVER 57 MILLION IN FY 1986; 

1.  Projj 
technology 
ific payof 
ile Submar 
nsure the 
i vability 
allowing t 
iding thre 
ety of pre 

ct Description:  The DAPPA/Navy Submarine Laser Communications (SLC) Program is developing 
necessary for providing critical underwater communications using blue-green lasers.  The 

fs of this technology would be:  (1) providing critical messages to Fleet Ballistic-Nuclear 
ines (SSBNs) at depth without compromising the submarine's natural covertness, thus helping 
SSBN force's continued high level of survivability; (2) increased robustness and 
of the Command, Control and Communications (C ) system well into the post-attack period; 
he attack Nuclear Submarine (SSN) to work most effectively in its own environment while 
at and target intelligence information to it in real time; and (4) controlling a broad 
placed underwater assets, such as minefields and acoustic arrays. 

The specific objectives of the DARPA/Navy SLC program are:  (1) complete the development of 
satellite-based laser transmitter and submarine optical receiver technology to provide the Navy with a 
basis for deciding whether to embark upon full scale system development by FY 1988; (2)   jointly with the 
Navy to conduct aircraft-to-submarine experiments, first with a green laser transmitter and later with 
blue; and (3) continue the long range developmont of advanced optical technology to provide potential for 
block replacements for the baseline system which might increase reliability, decrease cost and weight, or 
improve operational utility.  A major portion of the long range effort is a technology base development 
program in tunable medium power solid-state lasers with Lawrence Livermore Laboratories. 

Submarine Laser Communication System Concepts:  On the basis of recent technical breakthroughs, and in 
order to provide broad area coverage, to increase availability, and to make an SLC system survivable, a 
satellite-based laser transmitter has been chosen as the baseline system approach.  The baseline 
technologies involve a Xenon Chloride laser transmitter and a Cesium atomic resonance filter receiver. 

The downlink beam would be expected to travel from the satellite through clouds to a large diameter spot 
on the water. 
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FY   1986   RDT&I-   DESCRIPTIVE   PtlMMARY 

Projflct:      »ST-g 
Program Blwnentl  ♦62301E 
USDR&E Mission Area:  530 

Title:  Submarine Laser Communications 
Title:  Strategic Technology  
Budget Activity: 1. Technology Base 

would reduce the average data rate accordingly' " 0P*ratiB« ■"• •«• covered.  This procedure 

SLC may permit radically new and effective wavs of cont-rniUnr, ^K 
•tealthU.t asset, the submarine.  It can provide a time?}ne« *he ■sea and Projecting power using our 
communication systems and provide a freedom from ^^rt   lacklng ln all current submarine 
effectiveness of our submarine force by a large factor!1""   COnStraints that ««? multiply the 

'. Program Accomplishments and Future Programs: 

^ »«vy and 0]M>l~Wr%^ of Agreement was concluded between 
It covers those developments necessary °o make an in?or™edH:lmfrine LaSOr C"™""^cation System." 
operational system by FY 1988.  Those elements were T .h T'^ t0 Start ful1 SCale ^elopment of an 
qualifiable laboratorv transmitter - this w^»-^^"* JIi the*e™l"P™"t   ot  a blue light space 
filter for experimental use on a submarine to rocelveiS uSf^?'*' I'     the J0int development of 
experiments and exercises;  4.  and the iointlv funH^H  K Jv9^ ^nals'      3-  the joint conduct of 
system concepts. nointly funded, but Navy directed, development of operational and 

S^^rSSid'Jrjär^SnrSir*^^ e^Cn?^0"6 laSer and a **********  —-r off San 
Dolphin in dirty water at noon.  Signal to noise ZnrÖvemen^ HI* ^tablish^ to the submarine USS 
the atomic resonance filter are available  nil  transla^f'tn   antlclPated when blue transmitters and 

aecrease in laser transmitter weight and ^os^1 ^e^^^rare JSTS ^oveThoi^^eS^^^: 

'^^Wvi(^^P'RpP^HPJp^PHHPPi 
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FY 19B6 RDTSE DESCRIPTIVE SUMMARY 

Project:  #ST-9 
Program Elrmpnt:  #62301E 
USDRSE Mission Area:  r)30 

Tftle:  Submarine Laser Coimnunicat-ions 
Titlei  Strategic Technology 
Budget Activity: 1. Technology Base 

of  performance will be accurate  ?wo blue laser'candid ^tefwerft^rr' n^ ^ OUr futUre P^Jections 
operate for over 100,000,000 pulses without fanur.^f   were tested   One produces an ability to 
transmitter reliability ^ince^at 40 nulses ner .ecnnH H ?  t«chnolotJy iRsue ^r the satellite-borne 
billion pulses per year. P     P    COnd data rate' ^ w:i 11 transmit approximately one 

Major contracts were awarded:  to develop the snace mi^li f n-.hi« i^o«^ 4.  i 
months to Lockheed/Northrop); and to develop a first nha^«tol-        ^ transmitter ($21.2M for 30 
months to GTE and McDonnell Douglas) .Contracts were^lso awarde/f'^"i "^ r"CPivr ,S1-3M e^h for 15 
promising solid-state blue laser concept  for diode numned farde^ fo^ lo^   ranc'e development of a 
development to be used to iuOMrt «-h-^-lJ,« riiode-pumped xaser development, and for detector 

initiated a long range devoZment of sol^state   ^/r0"8^.1^0"^ P"**0**  ^ional  Laboratories 
communications and in support the SLC effort        transmitter technology applicable to both laser 

is concluding. even further 
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Project:  »ST-9 
Prograin Kloment:  »62301F 
USDRSF Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

T:|tlfi:  Submarine Laser Coimnunications 
Title:  Strategie Technology 

Technology Base Budget Activity: J 

?nC»arl?^,l2r''If°^JS„5''JK''  ,'on')u",",  to «.tM^M  the  environ.mtal   factor.  th„   ,tUct   a  SLC  mtm. 

«It'CutTJt'lMi*   'SSSSUSll'JSSÜS'  t'!^?°l0gy  Te',  "0'i"le   |L™1   »i'1  b«   fabricated  and  und.r 

An  assessment   of  a   practical   underwater  remote   control   receiver will   be   completed   in   earlv  FY   1986   and 

^;.!^raulr".r-e'^riir^^:-r"rSe^iL":ELr^';:.^^„f^r.:c^:„f5^t-^r""" 
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Project:  <|ST-9 
Program Element:  *623niE 
USDRf,>; Mission Area:  530 

FY 19R6 RDTSE DESCRIPTIVE SUMMARY 

Title:  Submarine Laser Communications 
Title:  Strategic Technology 
Budget Activity: 1. Technology Base 

penetrated the ocean, will tell a submarine Commanding Officer what his maximum laser communication depth 
is at any time.  The submarine will then be able to choose to be at a depth where SLC messages can reach 
it without any effort on its part, or to be below that depth and communicate using the current periodic 
and operationally confining radio freguency methods. 

Solid-state laser transmitter candidates will be emerging that may provide potential block replacement of 
the first operational system, but they are expected to still be well behind the baseline XeCl system. 

d. Program to Completion:  FY 1987 will bring the end of DARPA's direct involvement in 
Submarine Laser Communications as the program is transferred to the Navy.  The demonstration of 
aircraft-to-submarine communication using blue light and the atomic resonance filter will be completed. 
The final test data from the space qualifiable transmitter will be provided to the Navy for their 
competition for the full scale development project.  DAPPA will continue to pursue medium power laser and 
receiver technology which will have applicability to Submarine Laser Communications, but will also have 
utility elsewhere.  By VY   1988 the Navy will control the SLC program entirely. 

e. Milestones;  The conditions aircraft-to-sub communications experiment cited in the FY 1985 
Descriptive Summary was completed on schedule. 

Last Years 
Reported Plan 

Mid FY 1985 

Late FY 198 5 

Current 
Plan 

Mid FY 1985 

Mid FY 1986 

Milestones 

Blue output from XeCl laser 

First communications test with SLCAIR-84 
equipment 
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FY 1986 RDT&E DESCRIPTIVE SUMMARv 

ProiRct:  #ST-9 
Proqram Element:  #6P^n1E 
l!SDR&E Mission Area:  530 

Last Years 
Reported Plan 

Late FY 1986 

Mid FY 1986 

Mid FY 1985 

Mid FY 1986 

Early FV 1987 

Current 
Plan 

Late EY 1986 

Late FY 1986 

Late FY 198 6 

Early FY 1987 

Late FY 1987 

Early FY 1988 

Early FY 1988 

Title:  Submarine Laser Communications 
Title:  Strategic Technology 
Budget Activity. 1. Technology Base 

Milestones 

Blue laser, atomic resonance filter 

Laboratory Transmitter Module complete 

Laboratory atomic resonance receiver(s) complete 

Submarine test receivers complete 

At-sea tests 

Navy decision to field a satellite-to-subraarine 
communication system. 

DARPA completes transition of SLC proqram to 
U.S. Navy. 

ir.Ui.ti^-Co^^^^jhr^^~^m^i  i*ilT0T  ^ngeS reSUlt fr0m —ticipated delays in 
program restructuring as a result of nlgotinMna «Unf f "T reS"nanCe filter ««^er as well as resuir or negotiating a Joint development agreement with the Navv. 
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FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Project :_/lJxL^±CL 
Program Element: _tfizaüi£ 
USDR4E Mission Area: .S.^Q 

H aaaataa OMMM $7 IUUIOM TN FY , 

Title:   .St.ratPFir   nnrnpnt ing 
Title:  St.rafppin TAr-hr.n- 
Budget Activity:   l 

SX 
Ifinhnnlnyy   Raco 

flKfi: 

1-     Prnißnt   npgpr-ipt jnn. 
and  demonstrating  it! 

deielSpeHfo^wit^ ..r..^.,,.  ..ün^ss.r  ^u 
language man-machine  interfaces    Very  [ar^e  scale ^nf«^ "^rstanding,   expert  systems  and natural 
wi       be developed  to enable  rapid p^totyptngoJ stated  tSe^^6"8.^   fabri^tion  technology 
multi-processor  systems,   including new waferlsral« «nH^    T'^  lnteerated circuits  and 
interconnection.   Large scale  d^iLün  ^L!?aie and optoelectronic  systems 

^AtiS^^S^hi'Jt^i^ÜS^ maC.hine in^nigence technology 
md several experimental high performancrmulU^«1^ comPuter architectureT 
1  software   to  support  vision.   SDeecnndL^i'H^CeLS?r_eom^ters  will   be 

Brngrflm  ArcnmnH shmont c  »^  Fiifnr«  Pr-^Cr.nrr,. 

emulation  facility was   ini t i «t^H    ^„T •   ■ cture-   Construction of a 64-node    hio-h r.or.f^. 

iH ?;i?t',d f"0"" boards »" *«1«P* InS 1 Ü mc"nQiLTiVr?,r"    Fast  'urn.round support 
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FY 1986 RDTtE DESCRIPTIVE SUMMARY 

Project :_JLSI^1Ü_ 
Program Element: _«ü2iiILLE 
USDRfcE Mission Area: san 

St.ratßgir.   r.nmpiit.ing 

J Tßfhnnlngy   RR«!A 

Title 
Title 
Budget Activity 

and demonstrated on front-end processing for real-time computer vision. Development of a compajct 
Lisp machine for use in military concept demonstrations was started. A prototype butterfly 
multiprocessor containing 128-nodes was completed. A fine-grain connection machine employing 
thousands of a small processors is being developed. Development of a tree-structured multiprocessor 
suitable for exploitation in expert systems was initiated. Competitive research efforts for vision, 
speech, natural language, and expert systems were structured to meet program technology 
objectives; competitive selections were made in all areas and contracts are bei ig awarded. Lisp 
machines have been procured to support the research efforts. Collaboration between application 
contractors and technology developers has been emphasized as contracts are awarded. The autonomous 
land vehicle effort was started, ilong with supporting vision research work that provides the 
"eyes" for the vehicle. An effort in fleet battle management involving CINPACFLT and the carrier 
U.S.S. Carl Vinson was started; detailed plans for the Pilots Associate Application are being 
defined. The overall program involves cooperating university, industrial, and government 
researchers. Liaisons to the DoD Services and Agencies and other Government organizations were also 
formed to maximize technology transition. Contacts have been established with NBS and with the 
ALVEY program in England the 5th Generation program in Japan and the ESPRIT program in Europe to 
develop standard benchmarks and performance evaluation techniques. 

b  FY 1985 Program:  Real-time customization and repair of large scale integrated 
circuits having ne 
Automated printed 
techniques are bei 
process, device, a 
are being demonstr 
multi-board system 
are being made ava 
wafer scale intorc 
coarse mesh and fi 
continuing and is 
grain tree machine 
MOSIS  A prototype 

ar 1 micron design rules are being demonstrated using beam processing techniques, 
circuit board and interconnect technology are being integrated into MOSIS; 
ng developed for integration of wafer scale VLSI systems including the associated 
nd packaging concepts. Initial board to board optoelectronics interconnections 
ated. Circuit and system level simulation software is being developed for 
s of VLSI components. New integrated circuit fabrication services and system kits 
liable through MOSIS including 1.25 micron CMOS lambda scaled designs, initial 
onnection, and standard buses. Efforts are being initiated to develop advanced 
ne mesh machine architectures. Development of the emulation facility is 
being used to emulate a tagged token data flow architecture. Fine and coarse 
architectures are being prototyped using advanced VLSI fabrication services via 
10-cell programmable systolic array machine is being demonstrated 

• 
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FY 1986 RDTiiE   DESCRIPTIVE SUMMARY 

Project: tf.ST-iQ 
Program Element: _#üZiQ_LE 
USDR4E Mission Area: sap 

Tftle: .St.rafpp-in r-nmpilf j nc 
Title: StratPPin. T»r.hnninf:y 

Budget Activity: J—aMtoftl^p Rnir 

through the ARPANET. Supporting operating sv^fom* =L .„^     b . to the research community 

will bo installed in the autonomous land vehicle SeJt^fn^10*1"? task is beine completed and 
system and natural language interfar-« th»* ^i  •;. Desi^ns for an evolutionary advanced exr^rt 
completed. The Common UsTanS Ada languages are beinf.T'60 E?gnJh  r^Ponses are beingP ' 
languages for the program The work in thf  f  being use as standard system implementatinn 

on0^3^^1^^^ ^^-Vd^ns'tration^in^CV^S8 h^'ba'Sie^ Ü ^ 0f -heTy^and^heading 
on a combined ashore and afloat scenario with the us ■ oKt v? mana^nient application is focusing 
Jenn«defnrCen0^he Pilot's a"ociate apj Ication isbeinrsDec?Sf?2Hand.CINCPACFLT Participation^ defined for all three application. lng sPecified and expert systems are being 

C rY   1R8fi Planned Prngram anf1 I^^IJ 

lllL Through the air" optoelectronic intercon 
latency storage system techniques explored ACD 
to chassis will be evaluated with a goalof Sne 
ch p will be completed. Butterfly multiprocesso 

nei ^^rSnr rftWare aPPHcatLns The da ^ 
H^f^ g er Performahce interconnection network 
dataf ow architecture will be carried out and 
dataflow machine. An object oriented multip^ce 

■ 

»«jBiprapt. J '1,-r" """ 
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FY   1986   RDTtE   DESCRIPTIVE   SUMMARY 

Project:   *ST-in 
Program  Element:   IfiZatllE 
USDRiE Mission Area:   Mfl 

Title: Stratpgir. Hompiiting 
Title: Stratpgif. To^hnnlngy 
Budget Activity: J Tpr.hnnlngy Ragf> 

software workbench. Advanced signal processing capabilities will be demonstrated using the 
programmable systolic array. The connection machine will be upgraded to 64,000 processors, 
demonstrated, and advanced software development tools will be completed to support its use in 
symbolic processing.  The design of a 1,000,000 processor connection machine will be started, based 
on the results of the smaller scale prototypes. Initial demonstrations of the results of the 
competitive multiprocessor system architecture projects will be completed. A second round of 
competitions will be started. A 100 word noisy speech recognition system will be demonstrated in 
the Pilot's Associate application. A 1000 word continuous speech understanding system will be 
tested in non real-time on a lisp machine. Additional road following software will be tested on the 
Autonomous Land Vehicle; initial obstacle avoidance vision software will be completed and low-level 
vision algorithms will be exploited on the programmable systolic array for application to the 
vehicle. New-generation natural language and expert system technologies will be demonstrated 
for incorporation in battle management application areas. Designs will be completed for parallel 
execution of these systems. The battle management application will focus on natural language 
interactions and the development of expert systems for force requirements, capabilities assessment 
and strategy evaluation. The Pilot's Associate application will focus on connected word speech in 
the cockpit and development of expert systems to support tactical mission requirement and knowledge 
of the aircraft itself. 

d. Program t.n r.omplat.inn ■ work on multiprocessor system arohit 
continue leading to the development of a new generation of systems with 
increase in performance. Infrasturcture support for the program will be 
experimental environment to include the new multiprocessor system archi 
capabilities. New-generation machine intelligence systems will be deliv 
systems and tested. Efforts will continue to focus on continuous speech 
modeling and object recognition, knowledge acquisition, explanation, na 
understanding, and multiprocessor exploitation. Emphasis will continue 
realization of technology in demonstration applications. Test and evalu 
continue to be refined. Concept demonstrations of the Land Vehicle, Pil 
Management System will be carried out for a series of increasingly comp 

ectures and software will 
3 to 4 orders of magnitude 
expanded to upgrade the 
tectures and advanced VLSI 
ered on multiprocessor 
understanding, image 
tural language 
to be placed on transfer and 
ation standards will 
ot's Associate and Battle 
lex scenarios. 
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FY   1986   RDT&E   DESCRIPTIVE   SUMMARY 

Project ■   tfsT-ip 
Program  Element: _itfizaiLLE 
USDRtE Mission Area:   .s.^o 

e.        Ml IP'if nnoS 

Late   Year's Current 
Plan 

Early FY 1985  Early FY 1985 

Late FY 1984   Mid FY 1985 

Late FY 1985   Late FY 1985 

Late FY 1985 

Mid FY 1986    Early FY 1986 

Late FY 1986 

Late FY 1986   Late FY 1986 

Late FY 1986 

Late FY 1986   Early FY 1987 

Mid FY 1987 Mid FY 1987 

Title: St. rat of in rnmpnting 
Title: St.ratepin Tpphnnlngy 
Budget Activity: ] Tnnhn^lngy Ragt. 

Mi 1BStnno 

Demonstration of an expert system for threat assessment. 

Speech Understanding system design completed. 

Beam Processed, customized IC interconnection demonstrated. 

Demonstrate road-following for Autonomous Land Vehicle 
application. 

Initial Emulation Facility operational. 

Demonstrate Obstacle Avoidance on Autonomous Land Vehicle. 

Design of low cost symbolic processing machine completed. 

Demonstrate fully operational dataflow emulation facility. 

Initial data flow emulator completed. 

Innovative multi-processor architectures demonstrated with speed 
potential of 1000 times current supercomputer speeds. 
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Project: a.ST- in 
Program Element: _*fiZa£LLE 
USDR4E Mission Area.- _ä^xi 

Late Years   Current 

Mid FY 1987 

Early FY 1986  Late FY 1987 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title:   .StratRfrin nnmp^t , ni; 

Title:   .straf.pfip To^nn]ncy 
Budget  Activity 1 Tfrnhnnlngy  Rago 

Mi  lftgtr.ripS 

Demonstrate connected word speech for the Pilot's Associate. 

initial automated computer assembly and testing demonstration. 

Understanding System wJs selected in FY 19^4 but due tf^ZSZ     ^J****-  f0r a Speech 
Until early FY 1985. The emulation facilty contract wa. n.t  CtUai delayS wil1 not be awarded 
automated computer assembly and tesUng effort Jsbein^H^?!81?"60^?11! the end of "  1984. The 
methodology is completed. However the Printed CrcuitbnarHrM^ U?tl1 after the r^'id  Prototyping 
initiated earlier than originally planned^ S^tU^^a^^ad^f^heSu^e^^"' ^ 
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FY 1986 RDTtE DESCRIPTIVE SUMMARY 

Project: ST-11 
Program  Element: _£fi23ILl_E 
USDRiE Mission Area:   Mfl 

H.     PRn.iF.nxs nvF.R ta muifll TN FV IQ«R- 

Title: .Tnt.ftl 1 ignnt Sygtomc 
Title: St.rat.R^in Tf>r-hnr. 1 ngy 
Budget   Activity:   J TRnhnnl^g-y   Rago 

1 .   Prnjnrt. nn»:rripf j nn ■ 
Sciences Program Element no. 611 
Technology Program Element no. 6 
project focuses on fundamental i 
for intelligent processing with 
and/or relieve military personne 
information or personnel intensi 
of this research project is to a 
thereby providing a foundation o 
intelligent systems that will so 
research in this program explore 
order to perform tasks that requ 
ascribe intelligence to a human 
processes, knowledge acquisition 
interfaces, cooperative problem 
expert systems, learning activit 
new generation software. 

The Intelligent Systems, Project CCS-01, under the Defense Research 
01E, was transferred at the beginning of FY 1985 to the Strategic 
2301E and designated Project no. ST-ll  The Intelligent Systems 
nvestigations into the limits of the digital computer's capability 
the ultimate goal of making it possible for computers to assist 
1 in complex as well as routine decision-making tasks which are 
ve, tedious dangerous, or rapidly changing. The specific objective 
dvance the frontiers of the field of artificial intelligence 
f scientific principles for the development of a next generation of 
Ive current and future DoD problems. To meet this objective the 
s new ways of representing and using knowledge in computers'in 
ire symbolic reasoning of sufficient complexity that one would 
who performed them. Continuing research efforts include  reasoning 
and representation, image understanding, intelligent user 

solving in distributed environments, fundamental architectures for 
les. the intelligent management of knowledge and information and 

2 Program   ACP.nmnl i Rhrtwnf «    and   Fiifnrp,    Prr^ramg ■ 

T t ,,.  '' FY ^»«4 Arrnmpl ish^JiLa-  Work in FY 1984 was conducted under Project CCS-l known a«: 
inte ligent System as part of t*) Defense Research Science Program Element no 61101E 
Knowledge-based techniques for explicit instantiation of knowledge were infused into image 
understanding processes. The ACRONYM vision system was applied to a now task domain ACRONYM also 
•yyf- the foundation for a port monitoring task undertaken as a separate effort  Increased 
emphas^ was placed on reasoning with uncertainty and efforts were initiated to address the data 
fusion problem. Expert systems technology utilizing the blackboard paradigm was investigated as a 
means of attacking more complex problems. Initial steps were taken to intfgrl?e diffeJen? type! of 
knowledge representation systems so as to overcome weaknesses inherent to a particular type Cf 
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FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Project. ST-ii 
Program Element: MUflU 
USDR1E Mission Area: fian 

system. W 
Defense M 
Distribut 
effects i 
demonst ra 
uses of a 
an Intel I 
planning 
undertake 

Title: Intel 1 it^nt tj/Mj^gU 
Title: -Strateffif. Ta^hn^in^ 
Budget Activity: j—Tenhnnir.gy R-inn 

appNng Ige^cy^atlbise" ^^^sl^stlned^as^ ISSSÜ W*?*^  b*™  a^Iied ^ • 
ed problem solving techniques were ani^Hf.^ experimental tool for that agency, 
n control of Robof Piloted Vehicles  ADoHraHnn«^?6^ u"crtainty and P^Pagate its 
ted in prototype expert system , that IShÜSi iStSllÄS'Ä! en^nering techniques were 
single knowledge base  Information fuSanH lnten^Gnt.^^  interfaces and multiple 
igence domain. ?he data ntensWe Slann nj e??ortafoöu^lth Vn^rtainty *e" applied to 
and exploring the use of ronstraintc t^ ü^  f 5  focussed on laboratory and research 
n to producegcor?ecra^df t^lf^iti^rr^^l^^91^'   EffortS — 

advances In  tfcS US! tTfhrmore^pHe'd'domal'ns^r^1"6/683.0"1^ is O**"™***  with transfer of 
language The Meta-RepresentaUon astern that ^h«fn^Trt KS*!" technology and natural 
problem-sol 'ing activity is be ng enhanced bJ nornn^J?^^^K^. feaSOn about and control its own 
constructing a knowledge-based consultant that w^n^fv«^ Probabilistic reasoning and by 
and inference methods. Improved p?ob em solvin/sistf^«^^6 ab^Ut f^^rinU  representations 
several levels of abstraction in order to morove methnHc %being.deVeloped to Provide reasoning at 
facts is being extended by formalizing the representation If ^nll^l^^^   R^so^^  about 
by developing a priority scheme to guide au^omaUciseCf lL%Sj*%l   fS* a knowledge base, and 
is being extended to general problems of induction to a^i*t in h^in n0Wledge acclulsition research 
knowledge bases. The blackboard software environment RB^V  ^i^ing, expanding and correciing 
solving framework by enabling thlscheduler to ?n?^ I       ^ being extended as a general problem 
use and to encode these new heuristic oattern^ "f«rbeuristic patterns that occur during software 
complex queries for PhototnterpretaUon is beinrext2nHfiH

0htr01 re*ime- «esearch in supporting 
n order to constrain search. imagrunderltand?n/re^arph ^ TPr0Ving hl«rarchical representations 
integrating techniques for monocular and Itereofm^«««^   1 ^P^^.the 3D MOSAIC system by 
used to build and verify 3D scene mode?s R^««r^ f analysis and spatial rf... zoning that is being 
natural language and Plann^"sLstan« if ^ methods fCf 
developing a hybrid approach for representing knowV«H^!nH? enhar,ce the KL- TWO system by 
system will be enhanced to i^^OT^Ä{1ra^^,SÄi,^^^^i^^ ^ 
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Project : .ST-LI 
Program Element: /(fiP-sniF 
USDRiE Mission Area: ."i.sn 
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Title:    TntRll igtv.-it    Sydtf-ms  
Title:    Strn t pgi p.   Tftr.hnolngy 
Budget Activity: _1 Tp.r.hnn 1 ngy Rasfl 

A complex simulated environment for machine learning experinwr.tation is 
o discover principles and heuristics for ntelligent action involving 
ation. The SOAR (Small Talk on a Reduced Instruction Set) computer 
o develop methods that permit expert systems to improve performance as a 
d during use, and to permit them to effectively work on new subgoals 
e prior knowledge of the problem. Two new research efforts in Inowledge 
ion software are being inaugurated in FY 1985. Projects rre getting 
efforts that incorportate intelligent functions to manage database 
iation of modeling systems for rapid prototyping of software systems. 

C .    FY    Ifrftfl   Planned   Prngram   und   Ra<;i.«;    fnr   FY   IQKfl   RnqiiftRt 
mapping will result 
stereo analysis for cultural 
for knowledge-based control of 
system wi11 

Significant advances in depth 
from maturation of image understanding techniques such as optical flow and 

structures. Techniques will be extended for using rule-based methods 
low level scene analysis. The MAPS image-to-map correspondence 

be extended to aid decision support tasks for rule-based photointerpretation systems, 
and techniques for hierarchically and symbolically representing digital maps will be developed. A 
stereo algorithm based on scanline research will be developed and utilized to control the search 
problem in three-dimensional space with the objective of formulating a uniform algorithm of stereo 
reconstruction. The KNIFE image understanding system will be enhanced to solve problems in image 
segmentation, feature extraction, material identification, and feature classification by combining 
a database of recognition rules with recursive segmentation thus enabling software to find and 
label scene features. Research in developing tools for automatic tlgorithm design will be extended 
to include areas such as dynamic programming. A flow graph parsing algorithm will be applied to 
analysis of programs to develop a general knowledge acquisition and software design system. Work 
will continue to develop and formalize domain-independent control techniques such as the 
conjunct-ordering heuristic method. Research in machine learning will be extended by developing 
problems solvers that explore the space of alternative actions to discover short cuts and to note 
regularities; the general and domain specific heuristics aquired in this process will then be 
employed by expert systems to assist in directing search. A learning system for acquiring rules of 
Very Large Scale Integrated fault diagnosis will be demonstrated and the system will be extended to 
include capabilities for 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project; -SJ-1 1 
Program Element: (UaaOII 
USDRiE Mission Area: 530 

Title: Tnt.P,! 1 igont. Syst.Hms 
Title: Kfrat.P.gin   Tpp.hnnlngy 
Budget Activity: J Tfir.hnnlngy Rase 

analyzing and generalizing from the users' actions. The text analysis system, RESEARCHER, mil.  be 
enhanced to extract and merge information froi.i multiple sources; further development 
will incorporate knowledge-intensive explanation-based learning to speed the generalization process 
whena complete domain model is available. Knowledge acquisition efforts will combine learning 
techniques with user interaction capabilities. Logic programming will be used as a basis for 
representing queries to expert systems in order to improve the speed of execution and quality of 
content for generating explanations, Speech understanding research will enhance the feature-based 
approach to speech recognition by improving acoustic-phonetic labeling techniques for continuous 
speech and by developing a word hypothesizer incorporating prosodic and broad phonetic category 
labels  Research in intelligent databases will extend to query language development and to tools 
for dessign of intelligent database models, distributed database systems, and interactive graphic 
editors for data browsing and graphical schema design. Applicability of structuring learning 
systems which directly assimilate new knowledge in the course of its use will be investigated as 
advances are made in better knowledge representation methods. Discovery techniques will be explored 
using structured logic procedures. Small scale prototypes of the new software and system 
development models will be extended and used as a basis for initial evaluation of software 
alternatives  In addition to models such as visual programming, transformationt.1 programming, and 
deductive programming, new models such as inferential programming, kowiedge-based program 
synthesis  and new knowledge-based optimization techniques will be developed to support production 
quality refinement of rapidly developed prototypes. A deductive system softwari' development 
approach using a functional programming language and automated reasoning tools will be 
demonstrated. 

d  prngram fcfl mmpi«finn• The basic research program will continue to explore artificial 
intelligence problems that are of fundamental Importance to DoD. Very difficult research areas such 
as commonsense reasoning, learning and discovery will begin to find limited application in more 
applied areas such as expert systems and natural language. Knowledge acquisition and knowledge 
representation will continue to be of great interest because of the?r impo-tance to achieving the 
next evolutionary step in capabilities for applied artificial intelligence.  Work will also 
continue in areas such as cooperative problem solving, reasoning with uncertainty, image 
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FY 1986 RDTtE DESCRIPTIVE SUMMARY 

Project: ST-11 
Program Element: U2&tü t 
USDR&E Mission Area: san 

Title: Intel 1 ipRnt Syctoniti 
Title: ttSMtMgia  Terhnnlngy 
Budget Activity. J Tenhnnlngy R^sp 

knowledge and learn new rules will enab?« ri«v«Tnnminf «5 develop methods for computers to discover 

experimental environment that is being developed under th« IA^T? ^^iQ f g^   new-generation 
to large-scale experimental use to meLure performance of tu ITtSJ^fft ^d Prepared for medium- 

e.  Mi W.Qtnncg- 

Late FY 1985 

Current 
Plan 

Late FY 1985 

Late FY 1985 

Demonstration of a prototype, interactive knowledge 
acquisition capability. 

Demonstration of artificial intelligence techniques in 
distributed sensor network testbed. 



1 

rJk. 

I 

r\   1986 RDT«,E DESCRIPTIVE SUMMARY 

Project: ST-II 

Program Element: JRp.^nif- 
USDR&E Mission Area: JAü 

I.ate Year's 
Re.pnrf Pl^n 

Early FY 1986 

Early FY 1986 

Current 
.Plan. 

Early FY 1986 

Mid FY 1986 

Title: Int.nl 1 ig^nt t;ySfrm^ 
Title: Üt.rafpp-in Baahaola» 
Budget Activity: j—Eaahaaiagy Rn-r 

Mi lRt;tr<npS 

eluanTkSft^iaSns^16'"  tUt0r   f0r  ^'^ 
Demonstration of explanation r-anah, i i f )«.,   <• 
»»«. th.« r8i.t.D

f„„di™tsra
b;i'r??r%

r
s?rrt 

Demonstration of cenpratinn ^r ci„™i . 
Very  Large Scale fn^e^r^^d" U^l^iLlt^i^Stl^  ^ 

^irexefcuat!^tem f0r generati^ Plans  and monitoring 

S-SSiTSiSÄSÄ*"1^  aid  f0r determining map 

Demonstration of intelligent optimization of data base 

■I 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  #ST-]2 
Program Element: 62301E 
USDR&E Mission Area:  530 

l^}6'-     advanced Quantum Electro-Optics (NEW START) 
Title:  Strategic Technolnnv  
Budget Activity: 221 

1.  Technology Base 

H.   PROJECTS OVER $7 MILLION IN FY 198fi; 

doveiip opfffifr^ff^r^o iT^Uiiiti: :v^Jt:Ta
ce\Quant^Eiec^-^^ p— is ^ 

long range space imaging from the ground  ohasd^™?9    ^ mllitary capabilities including ultra 
This new effort will focus on devJoping'adJancfd methods^nd^ a^S'1

and »P«^-^»«» counter aircraft, 
segmented ground based receiving telescopes aoainstth^4.^n0l091eS f0r compensating large, 
wavefront. 1  teiescopes against the effects of atmospheric turbulence on the incoming 

2-   Program Accomplishments and Future Programs: 

^   fV ^984 Accomplishments:  New Start in FY 1986. 

b-   FY 1985 Program:  New Start in FY 1986. 

build on reW^lfi^f^ In FY VM     this program will 
coupled with ground based telescopes fSuy coSSI.tiM £0r^K??f!!' "Z^0*3  Wil1 be dev^oPed and 
effort will provide a critical adjunct to^he exisMn^A r FoJce GEODsl nr atmOS^tC   tUrbulence-  This 
at these ranger but cannot provide these obiects  Thi f,^ h„ ^    ?  Program which can detect objects 
based laser for the effects of atmospheric turbulence are h^nn9^5 f^ «^»"tln« the pulsed ground 
initiative Organization.  This effort will develon laser r^^.T1?^0 by the ""^ic Defense 
processing technology based on holography and !inear and nnn^n^  0l0gy includi^ integrated optical 
scattering.  This capabilUy will d^nd^^th; develoclnt ^ new Pro«sfes. such as stimulated Brillouin 
compensation over extended path lengths throuah the f^ K       technologies to provide image 

on developing concepts and compo^nffech^logLf an^test^na-of'^h" 1986' thiS ^^^  Wil1 be f°^-d 
subscalc laboratory experiments.  Advanced hologranhic arat na f. the^.compomnts and concepts in 
replication techniques by plastic embossinc, ^ ^  grating fabrication techniques, low cost 
included in this program. P      tossing  and large aperture modular construction from wafers will be 
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FY 1986 PDT&E DESCRIPTIVE SUMMARY 

Title: Advanced Quantum Eloctro-Optics (NEW START) 
Title: Strategic Technology 
Budget Activity: 1.  Technology Base 

Project: »ST-12 
Program Element: 62301E 
USDRiE Mission Area: 530 

d. Program to Completion: 
services, primarily the Air Force, to 
environment.  These technologies will then be transitioned to'the military service« fbr further 

Field experiments will be conducted jointly with the military 
rlctermine bounds on imaging performance in an operational 

Milestones; 

Last Year's 
Reported Plan 

Current 
Plan Milestone 

Field experiments to verify predictions 
of models in operational environment 

f.   Explanation of Milestone changes:  Not applicable. 

*m miniiiiiiw—i—in mm» 
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Projoct:  »ST-13 
Program Element:  #6.->T]OE 
tJSDRtE Mission  AreF;" 530 " 

FY   1986   RDTSE   DESCRIPTIVE   SUMMARY 

H. PLOJECTS_oyER_$7  MILLION   TN  Pv   rcog, 

Tip; iiiieMHilif^^ii^-ö- 
Bud,« Act.vlttTTTTva^S^ ...„ 

!•     Project   Descriotion-     Th^ 

^l1!^1^ und« '^ n-i initSwvS^r^  1S f?f efforts ""L™ objectives   are   to   identify  and   ^hl   T     S^ratpc'lc  Air  and  Cruise  Mis 
primarily cruise missiles! Mission ?un^ ^i*»" ^r survei 
Identification). targ.tlng and kin ""ct,ons add^ssed include su 
associated technologies ^^n°r,klllu- SSf,^ment. The S/CM Procram 
surveillance capabn t?' T^ "bie'ct ■t,,CtUrP t0 provide the bun Idi 
compared to oxi^tinq s^venLnce systls5 ^ i£iU? -^-of-mfj 
promising new sensor concepts wni/^ .A tWo Vhaae Program is 
initiated in Phase I to deveLn tL f ldentifi^ and analyzed. An 
architecture efforts woufdInclude tas'^T^ f0r evaluatino .^Ui 
concepts;   threat   development/pröiect^n ^enario  and  model   de 
for C3 and data   fusion       This  n«^ ?   ?   concePts   for  enerqy  spect 
developments  of  key   t^hnoU.nv  comn"1*"*1^  Wil1   inc^   Efforts 
Processors.     The  P^ram ^1?^^^  T*  "  "ltra  hi^  P-^o 
Int.re.ptor   Experiment   and   new  phen"^^^   ^^nologies 

slref(SACM)Undfr  Pr0ieCt   ST-2   that  wore 
ance       PotLtL?"^'     The   SACM  Pro^am 
rven^r       ?     ^   thrf,at  vehicles  are 
rveillance   (acquisition,   track, 
will  develop   sv^tem  concepts, 
ng  blocks   for  advanced   strategic 

plännerr,riTtiVity   imP^vements 
arr-M^'.    ^   the   firSt   Ph^ > 

n?e   ^ ^^   taSk   Wil1   a1^   be 
Pie  phenomenology   sensor  systems       The 

fron. «»,„,  sy,to„  ,tM,,  ,„'       "»P«! 
™„CB  for advanced hl,t,  «M 
<*  ••  TEA!  MBY,   R  CASp,   lm° 

»-iU™.  e„ncepl,  .„d  ^"«^a^r^^X^r-     ™'  -"-" -u""^1e™JT*^^Sa 
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FY 19B6 RDTfiK DESCRIPTIVE SUMMARY 

Project:  »ST-13 
Proqrnrn Element:  ♦62301E 
USPRiE Mission Area:  530 

Title:  Strategic Air and Cruise Missile Defense 
Title:  Strategic Technology 
Budget Activi ty:  1. Technology Base 

United States (CONUS) air defense and fleet defense and other secondary missions such as theater 
surveillance and advanced targeting.  System concepts will be developed on new techniques such as 
ruilHsensor systems as we]] as traditional surveillance concepts.  Most of the effort this year will be 
on investigation of new techniques, development of comparative tools and establishment of a technical 
Bteerlng committee.  The advanced arrays for target detection will be developed and the HBR system 
engineering will be performed for possible demonstrations in the late igSO's including distributed 
aperture radar experiment planning and utility assessment. 

i nnova 
C  FY 19R6 Planned Program and Basis lor FY 198fe  Request 

tive techniques and system concepts will be completed with the 
The SACM phase I survey of new 

e most promising techniques selected 
for further technology and concept development.  These systems will also be evaluated using the 
architectural mission models that will iterate the initial system concepts into the most effective 
integrated network to achieve significantlv improved surveillance capability.  The advanced ultra high 
performance Large Scale Integrated (LSI) chip will be developed in small test arrays and the 
demonstration and measurement test program for the HBR program will be developed.  The HBR signal 
processor with antenna and receiver test articles will be developed for target detection. 

d. Program to Completion;  An advanced surveillance sensors architecture will be developed. 
The high risk, new innovative surveillance technologies will be developed and tested. 

e. Milestones: 

Last Year's 
Reported Plan 

Current 
Plan 

Mid   FY 1985 

Late  FY 1985 

Milestones 

Initiate architectural model development 

Sensor concepts/technoloqy development 
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FY 1986 RDTSE DESCRIPTIVF StlMMARY 

Proiort:  IST-13 
Proqram  Elpment 
USnR&E Mission Are 

#62301E 
a:      530 

Last  Ypar's 
Reported  Plan 

Current 
r 1,111 

Title:  Strategic Air and Cruise Missile Defense 
ritl«!  Strategic Technology 
Budget Activity:  1. Technology Rase 

Milestones 

Mid   FY 1986      Initial SACM concept evaluation 

Early FY 1986      Select Phase TT concepts and technologies 

f-  Explanation of Milestone Changes:  Not applicable. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Proqrnm Element:  »62707E 
Mission Area:  #530 

A-   RESOURCES ($ in Thousands) 

Title:  Particle Beam Technolo. 
Budget Activit so: 

Technology Base 

Project 
Number Title 

FY 1984 
Actual 

FY 1985 
Estimate 

FY 1986 
Estimate 

FY 1987 
Estimate 

TOTAL FOR PROGRAM ELEMENT  $30,900    $17,400 
$21,500    $15,500 

Additional 
to Completion 

Continuing 

Total 
Estimated 

Costs 

N/A 

BRIEF DESCRIPTION OF ELEMENT AND B. 
development to determine the scientifi 
advantages of near speod-of-light deli 
of kill  mechanisms.     The major objecti 
PV ?Q^latuVistic elect^n beam within 
*Y 1984, this program also supported r 
for potential space applications. In 
the charged particle beam program dire 
were transferred to Program Element 63 
program 

c"Sa,ll%  ofhpa
SrLrc0LrabeLUPPOrtS  baSiC  —"^   and   technology ooxuxixty  or   particle  beam weapon  concents  which   ha^o   *-K« 

"^f  thfs'offort9''1^',3^  deeP  ^^ P^rSion Ü th  a'variety 
thfaiosphere   for^otent^rSnt  ZFJIL   P""«**"«  P-pagaUon' 

Fr!985,^-L^-r    >F-S^La---r--ijrSs 
cted toward research If  ^ st™  Pro?ra,n and certain elements of 

the outyears, those projects are being continued under the Pre^lnr.^f6 in SpaCe-  In FY 19^ ^ 
The decrement reflected in this year1^ estimJoof ?h      President's initiative on Strategic Defense 
:n induction linear accelerator technologj which was ^o!?^^ KY ^86 fUnding ^^^  a breakthrough 
Advanced Test Accelerator (ATA) at DorforLnr. V^? aPPUed. durina W 1984 to achieve operation of the 
achievement, within the 110^.2^^!^ SÜJÄ^ deSitJn g0alS-  This technical      ^ 
xn FY 1986 and resulted in substantial cost saUL^forFY 1986' a ^^ ^^^  modiflcation to the ATA 

D.   OTHER APPROPRIATION FUNnfi.  None. 

ft 
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FY 1986 RDTtE DKSCRIPTIVE SUMMARY 

Program Element:  ♦62707E 
Mission Area:  #630 Title:  Particle Beam Technology 

Budget Activity:  1.  Technology Base 

E- HELATED ACTIVITIES: In FY 1980 the Under Secretary of Defense 
the Particle Beam Technology Program plan which, beginning in FY 19 
efforts under the overall technical direction of DARPA. Under this 
for both charged and neutral particle beam feasibility experiments 
responsible for advancing those technologies which are essential in 
beam weapons once they are proven feasible. In FY 1983, the transi 
neutral particle beam program. In FY 1983-84, the neutral particle 
jointly supported by the Army and DARPA. For FY 1985 and the outye 
particle beam program will be continued as a part of the President" 
with funds requested under Program Element 63221C. 

for Research and Engineering approved 
81, consolidated the DoD particle beam 
plan, DARPA  assumed responsibility 
The Military Departments were 

order to rapidly develop particle 
tion to Army support began for the 
beam feasibility experiment was 

ars, the joint Army/DARPA neutral 
3 initiative on Strategic Defense, 

F. WORK PERFORMED BY: This effort is perf 
research facilities (85%) and by industrial 
Surface Weapons Center, Silver Spring, Maryl 
Federally funded research facilities include 
California; the Los Alamos National Laborato 
Albuquerque, New Mexico. Industrial contrac 
California; SRI International, Menlo Park, C 
Massachusetts; Mission Research Corporation, 
Maryland; C.S Draper Laboratories, Cambridge 
Missouri; and Pulse Sciences, Inc., Oakland, 

ormed by in-hou 
contractors (10 
and; and the Na 
the Lawrence L 

ry, Los Alamos, 
tors include Sc 
alifornia; Avco 
Santa Barbara, 

, Massachusetts 
California. 

se activities (5%), by federally funded 
%).  In-house participants include: the Naval 
val Research Laboratory Washington, D.C. 
ivermore National Laboratory, Livermore, 
New Mexico; and Sandia National Laboratories, 
ience Applications, Inc., Palo Alto, 
Everett Research Laboratory, Everett, 
California; B. K. Dynamics', Inc., Rockville, 

; McDonnell Douglas Research Labs, St. Louis, 

G.   PROJECTS LESS THAN $7 MILLION IN FY 1986:  Not Applicable. 

H.   PROJECTS OVER $^ Million IN FY 1986: 

*•   ^0^ct Description:  Charged particle beam concepts are being considered for applications in 
Lrtir.ll\J*arCf,VeaP0ll  system8-  The "••<» for interest in these concepts is the expectation that 
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Program  Element:      #62707E 
Mission  Aroa:      #530" 

FY   1986   RDT&E  DESCRIPTIVE  SUMMARY 

Title:     Particle  Beam  Technolnnv 
Budget  Activity:      ll_J^chnoloi^Base 

ilOäianL^Ar^^omplishunts  and  Future   Prn^.^ 

In  FY   lORd ■•■«   iur  propagation  experiments 

Accelerator'(ATlrifl^SHUTng  and^h^Seam^rona^t • gUi^n9   exPe^^nts  on   the  Advanced  Test 

ML 
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Trogram Element:  ♦62707E 
Mission Area:  #530 

FY 1986 RDTiE DESCRIPTIVf. SUMMARY 

Title: Particle Beam Technology 
Budget Activity:  1.  Technology Base 

s!^ to muitipf^i;;Lp^o^aS:a%oth^:rp;iLFsta^L^nd-:h ThvrTs of the ^™ ^ in the pulse train are necessary conditions for eWron h.   *     channel tracking of subsequent pulses 
decrease in planned FY 1986 resources for fhf" ('ll'ctron^e^  propagation over useful ranges.  The 

breakthrough'acceleratorrwhlch has so ved ^ cr^Ical^e'chnic^T ^V*" " made P0-ible S the 
accelerator.  Resources planned to address this Issue in FY?9fl6      stability issue in the 
cost savings in the FY 1986 program resulted? are n0 l0nger re(Jui«d and substantially 

train mode^f p^^iS Sffl^^,^^ "SirJrÄSfiJ*: 2^^ 0f the —— P"l- 
possibility of nuclear keep out. Follow!no the ^n^«"?, ? 5 de haS the Potenti^ to provide the 
Particle beam program wilAe transi^oT^to^r^rför SSS'S^O^.^ teChn01^' ^  '***•* 

e.   Milestones: 

Last Year's 
Reported Plan 

Current 
Plan Milestone 

Install atmospheric beam line 

for the cha^ged^ffff^Ee^ pro^ra'm^afL^^ed J^^—te six month slip in the ma.or milestones 
maximum beam current in the Advanced Test Accelerator UTAr^Thef^ ^f***"^ L»*™*   limitations in 
successfully resolved with th. ATA and the proS^s nr^oc^ing'^c^rdiig1^"^^11^:: SÄS. 

t 

J - 

i 
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KY 1986 RDTiE nKSCRIPTIVE SUMMARY 

Program Klement 
Mission Area:  t530 

#62707K Title:  Particle Beam Technology 
Budget Activity:  1.  Technology Base 

E. RELATED ACTIVITIES: In FY 19 
the Particle Beam Technology Progr 
efforts under the overall technica 
for both charged and neutral parti 
responsible for advancing those te 
beam weapons once they are proven 
neutral particle beam program. In 
jointly supported by the Army and 
particle beam program will be cont 
with funds requested under Program 

80 the Under Secretary of Defense 
am plan which, beginning in FY 198 
1 direction of DARPA. Undor this 
cle beam feasibility experiments, 
chnologies which are essential in 
feasible.  In FY 1983, the transit 
FY 1983-84, the neutral particle 

DARPA.  For FY 1985 and the outyea 
inued as a part of the President's 
Element 63221C. 

for Research and Engineer ing approved 
1, consolidated the DoD particle beam 
plan, DARPA assumed responsibility 
The Military Departments were 

order to rapidly develop particle 
ion to Army support began for the 
beam feasibility experiment was 
rs, the joint Army/DARPA neutral 
initiative on Strategic Defense, 

F.   WORK PEPFÜRMED BY:  This 
research f 
Surface We 
Federally 
California 
Albuquetqu 
California 
Massachust* 
Maryland; 
Missouri; 

acuities 
apons Cen 
funded re 
; the Los 
e. New Me 

SRI Int 
tts; Hiss 
C.S Drape 
and Pulse 

(85%) and 
ter. Silver 
search faci 
Alamos Nat 

xico. Indu 
ernational, 
ion Researc 
r Laborator 
Sciences, 

effort is performed 
by industrial contt 
Spring, Maryland; 
lities include the 
ional Laboratory, L 
strial contractors 
Menlo Park, Califo 

h Corporation, Sant 
ies, Cambridge, Mas 
Inc., Oakland, Cali 

by in-house activiti 
actors (10%). In-hou 
and the Naval Researc 
Lawrence Livermore Na 
os Alamos, New Mexico 
include Science Appli 
rnia; Avco Everett Re 
a Barbara, California 
sachusetts; McDonnell 
fornia. 

es (5%), by federally funded 
se participants include: the Naval 
h Laboratory Washington, D.C. 
tional Laboratory, Livermor«., 

and Sandia National Laboratories, 
cations. Inc., Palo Alto, 
search Laboratory, Everett, 

B. K. Dynamics, Inc., Rockvilla, 
Douglas Research Labs, St. Louis, 

G.   PROJECTS LESS THAN $7 MILLION IN FY 1986:  Not Applicable. 

H.   PROJECTS OVER $7 Million IN FY 1986: 

1.   Project Description:  Charged particlt beam concepts are being considered for applications in 
a variety of advanced weapon systems.  The reason for interest in these concepts is the expectation that 
particle beams can deliver large amounts of energy at close to the speed of light and lethally deposit it 
deep within a target with high coupling efficiency. 

•Jl» 
fi 
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FY 1986 RDT4.E PESCRIPTIVK SUMMARY 

Program Element:  »62707E 
Mission Area:  1530 

Title:  Particle Beam Technology 
Budget Activity:  1.  Technology Base 

E. RELATED ACTIVITIES:  In FY 1980 the "^er Secretary of Defense 
the Particle Beam Technology Program plan which, beginning xn WJ 199 
efforts under the overall technical direction of DARPA.  Under this 
lor both charged and neutral particle beam feasibility ^P^f*- 
responsible for advancing those technologies which "• ••"""£|^t 
beam weapons once they are proven feasible.  In FY 1983, the transit 
neutral particle beam program.  In FY 1983-84, the neutral particle 
ioinüy supported by the Army and DARPA.  For FY 1985 «nd the outyea 
particle beam program will be continued as a part of the President s 
with funds requested under Program Element 63Z^H,. 

F. WORK PERFORMED BY: This effort is performed by in-house activities (5% 
r^eirch facilities (85%) and by industrial contractors (10%). In-house par 
Surlace Weapons Center, Silver Spring, Maryland; and the Naval Research Labo 
Federally funded research facilities include the Lawrence Hvermore National 
CaHfornia the Los Alamos National Laboratory, Los Alamos, New Mexico, and 
A^buauerau; New Mexico. Industrial contractors include Science Application 
JaUarniat'sRrinternational, Menlo Park, California; Avco ^erett Research 
M^t.rhusetts- Mission Research Corporation, Santa Barbara, California. B. K 
^ry'land-^s'Draper Laboratories, Cambridge, Massachusetts; McDonnell Dougl 
Missouri; and Pulse Sciences, Inc., Oakland, California. 

PROJECTS LESS THAN $7 MILLION IN FY 1986;  Not Applicable. 

for Research and Engineering approved 
1, consolidated the DoD particle beam 
plan, DARPA assumed responsibility 
The Military Departments were 

order to rapidly develop particle 
ion to Army support began for the 
beam feasibility experiment was 
rs, the joint Army/DARPA neutral 
initiative on Strategic Defense, 

), by federally funded 
ticipants include: the Naval 
ratory Washington, D.C. 
Laboratory, Livermore, 
Sandia National Laboratories, 
s, Inc., Palo Alto, 
Laboratory, Everett, 

. Dynamics, Inc., Rockville, 
as Research Labs, St. Louis, 

G. 

H    PROJECTS OVER $7 Million IN FY 1986; 

deep within a target with high coupling efficiency. 
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FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Program Element:  ♦62707E 
Mission Area:  #530 

Title:  Particle Beam Technology 
Budget Activity:  1.  Technology iase 

A.   RESOURCES ($ in Thousands): 

Project 
Number   Title 

Total 
FY 1984  FY 1985    FY 1986   FY 1987     Additional    Estimated 
Actual   Estimate   Estimate  Estimate   to Completion    Costs 

TOTAL FOR PROGRAM ELEMENT  $30,900    $17,400     $21,500    $15,500 Continuing N/A 

B.   BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED;  This program supports basic research and technology 
development to determine the scientific feasibility of parttc1e beam weapon concepts which have the 
advantages of near speed-of-light delivery, rapid retargeting, and deep target penetration with a variety 
of kill mechanisms.  The major objective of this effort is to demonstrate stable, predictable propagation 
of a relativistic electron beam within the atmosphere for potential point defense applications.  Through 
FY 1984, this program also supported research on the production of high brightness neutral particle beams 
for potential space applications.  In FY 1985, the neutral particle beam program and certain elements of 
the charged particle beam program directed toward research of spaced based electron beam weapon concepts 
were transferred to Program Element 63221C and became part of the new Strategic Defense Initiative 
program. 

C  COMPARISON WITH FY 1985 DESCRIPTIVE SUMMARY:  In FY 1984, this Program Element included development 
of particle beam technology potentially useful for ballistic missile defense in space.  In FY 1985 and 
the outyears, those projects are being continued under the President's initiative on Strategic Defense. 
The decrement reflected in this year's estimate of the required FY 1986 funding reflects a breakthrough 
in induction linear accelerator technology which was applied during FY 1984 to achieve operation of the 
Advanced Test Accelerator (ATA) at performance levels exceeding design goals.  This technical 
achievement, within the accelerator, removed the requirement for a major planned modification to the ATA 
in FY 1986 and resulted in substantial cost savings for FY 1986. 

OTHER APPROPRIATION FUNDS:  None. 
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rrcaran'  Flpmpnt-; #62702F 
USDk&E  Mi.SFJop   Arm: ;30 

FY 1986 ROT&E DESCRIPTIVE SUMNARY 

Tit If:  T»Ctioal Tpchnology 
Budgpt Activity:  1.  Technology Rase 

A.   PFSOURCES (PROJECT LISTING): ($ in thousands) 

Total 
Pro-iert FY 1984 FY 1985 FY 1986 FY 1987 Additi oral Estimated 
Nnmber Title Actual Estimate Estimate Estimate  t o Completion Costs 

TOTAL FOP PPOCPAH ELEMENT 103,'!36* ]f)7,400* 102,000* ?]30,onn* Continuing N/A 

TT-i Target Acquisition and 
Engagement 

-0-^ -0- -0- -0- -0- -0- 

TT-2 Weapons Technology and 
Concepts 

-o-*/ -0- -0- -0- -0- -0- 

TT-? Naval Warfare 35,942 40,700 31,6 80"/ 34,650^ Continuing N/A 

TT-4 Advanced Armor Technology 5,276 5,200 5,200 5,200 Continuing N/A 

TT_t; Target Acquisition and 
Weapons Technology 

52,887 37,300 41,620 55,150 Continuing N/A 

TT-6 Tactical Directed Fnergy -0- -0- 15,000 25,000 Continuing N/A 
Technology 

*  Total includes classified projects not identified herein. 

a/ Projects TT-l and TT-2 are consolidated in TT-5. 

b/ The Advanced Undersea Vehicle Program is continuing in FY 19R6 and the outyears as Project No. EE-18 
In DAPPA Program Element 63226F, Experimental Evaluation of Major Innovative Technologies. 
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Progroir Flpir.pnt:  »fi2702E 
USÜk&r MiFPion Arpa:  530 

FY 19R6 RDTfcE DKSCPIPTIVE SUMKARY 

Ti t]p :  Tactica1 Technology 
Budget Activity  1.  TecHnology Base 

B   BRIEF DESCRIPTIOW OF ELEMTOT AND MI88IOH WO».  This program element is dedicated to the advancement 
of concepts and technologies tlint will serve iFTTic basis for the development of the next generation of 
tactica] system«.  The program goal is to advance non-nuclear, tactical, combat capabilities to counter 
the sxpandlng tactical threat with emphasis on high payoffs, reasonable costs, and realistic manpower' 
constraints   Thtmaior development objectives are:  O) improving tarr-t acquisition and engagement 
technology; (?)   fdvancnng fire control, seeker, and command and control technology; (3) advancing 
warhead, munjtio-T and propulsion technology; (4) improvinc armor technology; and {>5) enhancing ocean 
survei3Jance, targeting and control technologies. 

C   COMPARISON WITH FY 1985 PFPCRTPTIVE SUMMARY:  The total funding for FY IMS is 12.6 million le^ 
than the request for that fiscal year includedTn the FY 19R5 Descriptive Summary.  This reduction is the 
ret effect of a slight increase in the Naval Warfare project and a reduction in the Target Acquisition 
and Weapons Teclnology project.  The Naval Warfare increase is due to the addition of the new Mini-GPS 
Receiver prograr and the Target Acquisition and Weapons Technology reduction is caused bv a schedule slip 
ir the Millimct. r Wave Autonomous Sensor program and a redefinition of the Critical Node Tarqetinq 
program. ■   ■ 

The total request for FY 1986 is $29.0 million less than last year's request for that fiscal year 
includec, in the FY 1985 Descriptive Summary.  Thii, reduction is the net effect of decreases in the Naval 
Warfare and Target Acquisition and Weapons Technology projects and the addition of a new Tactical 
Directed Energy 'echnology project.  The Naval Warfare decrease reflects the transfer of the Advanced 
Undersea Vehicle program to Project No. EF-18 in Program Element 6322«, offset by added funding for the 
new Kim-GPS Receiver program.  The Target Acquisition and Weapons Technology decrease reflects the 
Critical Node Targeting program redefinition, the transfer of the Electromagnetic Gun program to Program 
fclement 63222C am the within progrem element transfer of classified programs to another project 

D, OTHER APPROPR ATION FUNDS:  Ncne. 

E.   RELATED ACrjryjVIES:  Overall coordination of efforts Is maintained with representatives of the 
Office of the Undersecretary of Defense for Research and Engineering, the offices of the service 
assistant secretaries responsible for research and advanced development, and the corresponding service 
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n   1986 PDTüF DFf.CBIPTIVE SUMMARY 

Title:  Tactical Teehnolog 
Budget Activity IT TccTvnology. Base Progrnrr Element :  #6 27 02R 

USDR&E Mission Area:  530 

-*.« nffires   Tn addition, direct coordination of activities with appropriate service 
^"toric5. fsliinJIln^^hro^^ans'such as technical interchange meetings and conferences. 

Specific .K.val Warfare project ^ f^l**^^^ 

SlBiUrly. the APIADNE Program is also coordinated with NAVELEX which is 301   Y  P^^ Submarine 
development of certain aspects of the ^"^.^^^l^  ^^.  ^ ^v Research, and 
Acoustic Sensor program is being pursuea ar % "1 ^. ^^^^j^r^'^i.ting Memorandum of Aareement 

In the pavancea ^amjeu •«•»*?•*•'"*-- ';.'u„i ^"rrn^cH le developments.  The Ramiet Combustion 
penetrator munition (RAMROD  and 40 mm Tubu ar ^^^0J™Xr  China Lake and the Army Ballistics 

Technology 
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Prrgr-im Flerv^nt:  162J02F 
tiPDPsF Mission Aroa ;  530 

FY iqpf PDT&K DESCPTPTTVF SOMKARY 

Title:  Tart leal Tpchnoloqy 
Budget ActTvTty  ].  Techrology Base 

prograir, is jointly funded with the Army Night Vision and Electro-optical laboratory and the Army Missile 
Command.  DAPPA is also an active nember of the Don Anti-Armor Master Plan Steering Group and Working 
Group. 

Planr for the new Tactical Directed Energy Technology project are coordinated through frequent technical 
interchprae meetings with reprerentatives from the three services' tactical directed energy programs. 

F. KOPK PEPFORMED BY: Approximately R5» of the work 
industry and 15% by DoD in-house agencies. Industrinl 
this project are: Bolt, Peranek and Newman, Inc., Arl 
Cambridge Acoustical Associates, Inc. Cambridoe, Mnssa 
McDonnell-Douglas Astronautics Company, Huntington Bea 
Diego, California; General Electric Company, Syracuse, 
Baltimore, Maryland; Tetra-Tech Inc., Arlington, Virgi 
Portsmouth, Rhode Island. The in-house effort is perf 
California; the Naval Underwater Systems Center, New I 
Naval Ship Research and Development Center, Carderock 
Pesearch and Development Activity, Pay St. Louis, Miss 
D.C.; the Naval Civil Engineering Laboratory, Port Hue 
Washington, D.C. 

of the Naval Warfare project is carried out by 
contractors involved in research programs under 

ington, Virginia and Cambridge, Massachusetts; 
chusetts; AMPON Corporation, Fairfax, Virginia; 
ch, California; General Dynamics Corporation, San 
New York; Westinghouse Electric Corporation, 

nia and Pasadena, California, and Raytheon Company, 
ormed by the Naval Ocean Systems Center, San Dieao, 
ondon, Connecticut and Newport, Rhode Island; the 
and Annapolis, Maryland; the Naval Oceanographic 
issippi; the Naval Research Laboratory, Washington, 
neme, California; and the Office of Naval Research, 

About 54% of the Advance 
funded research and deve 
in-house laboratories. 
Aeronautical Research As 
Columbus, Ohio; Californ 
Suitland, Maryland; Newt 
Lawrence Livermore Natio 
California; and the Reyn 
is being carried out by 
and Development Center, 

d Armor Technology 
lopment centers 
Principal contract 
sociates of Prince 
la Research and Te 
on Corp. , tipper Fa 
nal Laboratory, I.i 
olds Metals Compan 
Allied Corporation 
Dover, New Jersey. 

project work is con 
The remaining 22% of 
ors are Aeroiet Ordn 
ton, Princeton, New 
chnology, Dublin, Ca 
11s, Massachusetts; 
vermore, California; 
y, Richmond, Virgini 

Morristown, New Je 

tracted to Industry and 24% to Federally 
the work is performed by non-profit and 

ance Manufacturing, Downey, California; 
Jersey; Battelle Columbus Laboratories, 
lifornla; Geo-Centers, Inc., 
Honeywell Inc., Minneapolis, Minnesota; 
Physics International, San Leandro, 

a.  Additional work on a cooperative effort 
rsey and the U.S. Army Armament Pesearch 



FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  ♦62702E 
USDP&E Mission Area:  530 Title:  Tactical Technology 

Budget Activity  1.  Technology Hase 

In the Target Acquisition and Weapons Technoloov nrn-ior-f  *,-> ca  c i.i     , . 
Wfail« universities account for 32 9% and the rem.inina 4%» if   f     *  Tf t*  Perfo™ed by contractors, 
laboratories.  The top ten perforJ,. ^ ^L n.    ?.   3 1S Perforn^d in-house by government 
Arlington, Virginia; RockweU International Corporatio^ £  ^^   AUStin' TeXaS; S^tems   banning Corp., 
institute of Technology Jncoln LaboratCrv  CamhHda^  M     ^f?"' California; the Massachusetts 
Systems Division of united TeJhno^Ies? Ln J^e  ^Hfornia  ^rT8''.^1"'/'?" Arb0r' Mlchi^".- Chemical 
Virginia, The BUM Corporation, McLean Virainia ren^r^ ^  ?    T' 

Fe^ral Incorporated, Arlington, 
Dynamics Corp., San Diego, California! Vlr91nla' Gene"1 Atomics, La Jolla, California, and General 

H  ronTAlK^^^^ ^-cted Energy Technology project worK will 
will be initiated by coUit^ i2^^<1j^Ji.^rS1St*^^tSj-^ti...  The program 

technology area. J^ctives evolving to address emerging challenges in this critical 

i 



h 

Project:  iTT-3 
Program Eloment:  »62702E 
USDR4E Mission Area; 530 

FY lORfi RDT&E DESCRIPTIVE SUMMARY 

Title: 
Title: 

Naval Warfare 
Tactical Techno1oqy 

Budget Activity:  1.  Technology Base 

H.  PROJECTS OVER $7 MILLION TN FY 1986: 

. l;   Project Description:  The objective of the Naval Warfare project is to investigate new 
t°rhnoloqies and system concepts which would significantly enhance the maintenance of effective 
surveillance, targeting, and control of surface and subsurface ocean areas.  The earlier emphasis or 
surveillance of the Soviet submarine forces has been expanded to address a wider rsnge of ocean warfare 
issues for both surface and submerged targets and the development of more capable weapon system concepts 
to meet the expanding Soviet threat.  The project emphasizes the performance of key experiments 
validating critical technology elements or svstem concepts prior to Navy transition.  Major initiatives 
currently being pursued include:  (1) the Integrated Anti-Submarine Warfare (ASW) Sensor Technology 
program to demonstrate advanced acoustic and non-acoustic sensor system concepts for blue water or Arctic 
region detection and localization of submarines (2) the ARIADNE (TIARA) program (formerly the Long Haul 
Array Program) to investigate the application of fiber optic cabling and telemetry techniques for 
strategic or tactical undersea surveillance; (3) the Systolic Array Processor program which seeks to 
develop novel digital architectures for providing the enhanced signal processing capacity needed in 
real-time multi-channel processors for towed and conformal array applications; and (4) the Mini-GPS 
v22?iT*r Pr"cjranl' whlch Wl11 develop a cigarette package-sized Monolithic Microwave Integrated Circuits 
(MMIC) and Very Large Scale Integrated (VLSI) Global Positioning System (GPS) receiver. 

The Naval Warfare project is also seeking to expand involvement in the "end game" of anti-submarine 
warfare (ASW) and the larger issue of ocean warfare in general.  Major tactical ASW and ocean warfare 
research programs include:  (1) the Advanced Confoimal Submarine Acoustic Sensor (ACSAS), which if 

nnde™ v^ht^f ÜmV1?™*^ f0r a T CuaFS 0f «"»"-«»W*^ attack submarine sonars; (2) the Advanced 
Undersea Vehicle (AUV) (TIARA) program in which aerospace technologies are being applied to the design of 
a small unmanned submersible. v 

2.   Program Accomplishments and Future Programs: 

a.   FY 19R4 Accomplishments: 

Advanced Autonomous Array (A3) (TIARA):  FY 1984 was the final year of DARPA involvement with A3 

Emphasis is  being placed on final transition to the Naval Electronic Systems Command, which is 
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Project:  »TT-3 
Program Element:  «62702E 
USDP&E Mission Area:  530 

FY 1986 RDT&E DESCPTPTIVE SUMMARY 

Title: 
Title: 

Naval   Warfare 
Tcu-t-lcal  Technolo- 21 

Pudqet Activity:  1.  Technology Base 

considering both a vertical array embodiment of the basic sensor and its application in battle group 
Anti-Submarine Warfare (ASW) defense Several small ancillary studies on data communication options 
using remote sensors similar to the A are also being completed, and an additional sea test is considered 
likely. 

APIADNE (TIARA):  Development of the undersea hardware continued, including sea water batteries, and 
Repeater/Multiplexer/Connectors (RMC).  The design of the RMC's was completed and work begun on 
breadboard models.  Sea water battery notional designs developed by the Naval Ocean Systems Center (NOSC) 
were tested for extended duration deployments in deep water.  Multiple sources and designs for fiber 
optic undersea cable were acquired.  Survivability testing began in deep and shallow water as well as in 
pressure tanks and abrasion devices.  Based on the results of the last vear's efforts, signal processing 
techniques were selected and initial coding begun. 

ystolic Array Processor: The first design/fabrication iteration for the Very Large Scale Integrated 
VLSI) systolic chip was completed late in FY 1984, and the acoustic data pre-processor fabricated fo 
mal testing at that same time. fir for 

Non-Acoustic ASW:  The FY 1984 accomplishments for this effort were reported under Project UDR-1.  During 
FY 1985, this project transfers to naval warfare tactical technology. 

Arctic Surveillance:  Air deployment techniques for dropping the buoy from an aircraft and 
penetrating ice were designed and tested. 

Advanced Conformal Submarine Acoustic Sensor (ACSAS):  Efforts emphasized experimental tests on scale 
model bodies to understand the phenomena of flow noise and structural noise propagation.  Further pop-up 
tests were conducted to test the performance of various polymer hydrophone arrays, sail configurations, 
and structural modifications.  To examine the effect of structural body modifications on the propagation 
of structural noise, tests continued using 1/15 scale models which incorporate alternative outer body 
configurations for measurement of acoustic structural noise when the body was subjected to controlled 
excitation at various frequencies. 
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Project:  #TT-3 
Prograiti Element:  »62702E 
USLPiE Mission Area:  530 

FY 1986 PDTSE DESCRIPTIVE SUMMARv 

Title: 
Title: 

Naval Warfare 
Tactical Technology 

Budget Activity:  1.  Technology Base 

Mini-GPS Receiver: 
GPS receiver with 
Microwave Integrated Circuits (MMIC) 

A 30-month effort was started in FY 1984 to develop a cigarette cack sized 
h full function capability.  This will be the first development Jnco^oJatlng Monolithic 

b.  FY 198 5 Program: 
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FY 1PR6 PDTS,E DESCRIPTIVE SUMMARY 

Project:  »TT-S 
Program Element:  #b2702E 
t'SDRSiE  Mission  Area:      530 

Title:     Naval Warfare 
Title:     'Tactical  Technology 
Budget  Activity:     j_^    Technology  Base 

vehicle,   whose  design  and  shape  will   be   the   result  or   f1"'^X     . nt d   thP  pPrformance 

to  arrive  at an optimal   system design. 
H  u-   t.    IMW1    <TTRP&>•     The   intearation of  the  individual   subsystems   is being 

HiUl-OM  Receiver:     A Minl-GPS breadboard  1. bolr« evaluated before       pteceedind >ttt  the   full  bra..- 
board  construction. 

, ,  /i^finifWP exoeriment using  a  transmitter  and  several  candidate 
S^ing^sS wln^rcomplfted!  ^lÜS di^tafprocessfng  capability  is being  improved and an 
intensive  analysis  effort  undertaken. 

FY   1986   Planned  Program  and   Basis   for  FY   1986   Request; 

ARIADNE   (TTARA):      Preparations  will   be   "^-taken   in   EY   10   S   and  FY   "«^^agj^;.!«.   for  an 
A  six  node  testbed will  b^ ^^^"^'frfle-Cased  expert  svsSm^r broadband and  narrowband  target 
^Scrtion0wi?l0brcomqpi:CdeanSarne  selected^rimp^entation.     This program  should  transfer to  the 
Navy  at   the  end  of  FY   1986. 

program will be  completed during  FY   1986. 
,   „  ,_ «       ,-n„  c»r,a,,r   (Art;Aq) •     This program  is  scheduled  to be  completed   in  FY 

^B^l^fortr^LninrtrL'comrieLf i-Iu^f cSone^^se^  tLts  and KAMLOOPS verification tests  m  FY 

'   f 
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Project:  «TT-S 
Program Element: #62702E 
USDR&E Mission Area: 530 

FY 1986 BDT&E DESCRIPTIVE SUMMARY 

Title 
Title 

Naval Warfare 
Tactical Technology 

Budget Activity:  1.  Technology Base 

1986 and Large Scale Vehicle tests in FY 1987 and beyond.  Management trans 
Office of Naval Research to the Naval Sea Systems Command will occur at the 

ition of the program from the 
end of FY 1986. 

Advanced Undersea Vehicle (AUV) (TIARA):  This program has been transferred to PE 63226E, project #EE-18, 

the spring of 1986. 
esign model (EDM) and 

Mini-GPS Receiver: Final completion of the brassboard will be completed in 
The Marine Corps will be paralleling the DARPA effort with an engineering d 
specification which will get underway upon success of the brassboard. 

Integrated Non-Acoustic ASW:  The efforts conducted within the non-acoustic 
within this project.  An in-depth study of current and future requirements 
quantification workshop will be held.  Single sensor analysis of the candid 
be completed.  An integrated system definition and technology assessment wi 
platform will be selected for an experiment to be conducted in the Georgia 
Alaska and U.S. coastal waters. 

d.  Program to Completion; 

Integrated ASW:  The system design review will be completed. 

e  Milestones:  The milestones cited in the FY 1985 Descriptive Summaries with completion 
dates through Mid FY 1985 have been completed or are expected to be completed on schedule. 

ASW project will be continued 
will be completed.  A threat 
ate phenomenology sensors will 
11 be completed.  The sensor 
Straits, Hawaii, Northern 

Last Year's 
Reported Plan 

Current 
Plan Milestones 

ARIADNE (TIARA): 

Late FY 1984       Late FY 1985       Development of fiber optic telemetry link 

Late FY 1986       Late FY 1987       Potential system demonstration 

i » 
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Project:  #TT-3 
Program Element:  ♦62702E 
HSDRiE Mission Area:  530 

FY lORe RDT&R DESCRIPTIVK St'MMAPY 

Title 
Title 

Naval Warfare 
Tactical Technology 

Budget Activity:  1.  Technology Base 

Last Year's 
Reported Plan 

Current 
Plan 

Systolic Arrav Processing: 

Mid FY 1984 Mid FY 1985 

Late FY 1985 

Arctic Surveillance: 

Early FY 1985      Early FY 1985 

Advanced Conformal Submarine Acoustic 

Late  FY 1984 

Late FY 1986 

Mid FY 1985 

Mid FY 1986 

Late FY 1986 

Late FY 1987 

Ocean Tactical Targeting (TIARA): 

Early FY 1985      Early FY 1985 

Mid FY 1985 Mid FY 1985 

Milestones 

Manufacture and test chips in processor. 

Sea test of systolic beamformer, 

Deploy ICE PICK in operational demonstration. 

Sensor (ACSAS): 

KAMLOOPS test series with new bow and array 

Pressure/shock tests on structural design. 

Integrated system testing. 

Potential full scale demonstration test. 

Integration of sensor cueing and feedback algorithms 
work station 

Conduct controlled real-time operational impact 
demonstration 

\   ■ 
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Project:  #TT-3 
Program Element:  ♦62702B 
URDR&E Mission Area:  5IÖ 

FY 1986 RDTSE DESCRIPTIVK S0MMAPY 

Title:  Naval Warfare 
TitlP:  Tactical Technology 
Budget Activity:  1.  Technology Base 

Last Year's 
Reported Plan 

Current 
Plan Milestones 

Advanced Undersea Vehicle (TJARA) 

Mid FY 1985 

Late FY I9tS 

Late FY 1985 

Mini-GPS Receiver: 

Mid FY 1985 

Mid FY 1986 

Pressure test composite hull design 

Demonstration autonomous navigation logic 

Complete advanced technology developmment plan 

Initiate brassboard development 

Complete brassboard 

beamforming.  The FY 1^85 P^ te rmUestone ha^^en ^^1*^™  0f ?'«»■«»' reguirements for 
demonstration.  Advanced Conformal Submarine turtle sSn'or  Ä^   S^^1*/ Plan"^-for-system 
and an appraisal of potential future support  it was deeded fhf   ^"J* 0f extfinsive analytical work 
on an experimental approach to answering crUical techno  that.m^h stronger emphasis should be placed 
hull-mounted conformal arrays in a flow noise environment  SK?^^' abOUt the P«rfo^nce of very large 
the program plan to include a larger test series morrf-  Thl*has "quired a substantial recasting of 
milestones.  The delay in the new KLLOOPS bo^ ^ "°ref^P^^ntal hardware, and resulting changes in 
previously anticipated and has? Tn Sn oushed «„K^   ^re extensive structural modifications than 
(TIARA):  Small slip in first ^iestone'caused by 5"^^ ^J-^. "^ward.  Ocean Tactical Targeting 
Thxs was a new start, and no milestones hav^ appear^ previ^uslj9 *****  COntraCt- ***-***  Receiver: 

.,.-;-    ■'.■.*;.-/?■,.. ■ -^s.>,.■ ■ A 
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FY l^Rfi PDTRV nFPCRIPTIVF F-.t'VMAl'v 

Prniprt TT-r> 
Prnqram F.lpmpn'; P62702E 
I'PDPSF Mission Area:  530 

PROJECT? OVKP $7 MTI.T.TON IN FV TOSfi: 

Titlp:  Target: Acquisitjnn anrl Wpapnns  Technology 
Titile:  TactifaT Technology 
Pndqet Artivitv:  1.  Tpchnoiogv Pase 

led IP Sensors, and the Mi Uimeter Wave Autonotnoun Sensor programs. 

i f 
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FY   iqflfi   RDTSK   DESCRIPTTVR   SriMMAPY 

Proipct:  TT-5 
Program Klpmpnt;  »fiPTl^E 
DSD»(E Mission Arpä":- 531) 

lll]P:     Ig.rgPt Acquisition anr^ Papons Tochnolngv 
T,
*-
1
P:  Tactical TecSnoWrv   i- 

BOdfÄt Activjtv;  T7" fgejmologv Base 

rfpinolitions oapabilitv, srrur-turp as nnpnsed to tofiav's convprHnnal r-4 basprf 

S^iopPd!7 UnCOOlpd TP imacTPrV sh"^ vPrv promlsincr rosults. One prototype imaqino arravs was 

experimental testbed sensor continued. prnressinq racilitv and fabrication of the 

program.  In preliminary tests' the proiectile demonCV^fL   !  ^ At1val1^d "amnet Munitions Technology 
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FY  19P6   PPTSF DESCRIPTIVE  SDMHtARY 

Proiect:  TT-B 
Program Blaaentl  *6?70?F 
USPP&F Mission Prea:      HS 

Title;  Target Acquisition nnd Weapons ^nchnologv 
Title:  Tactical technology 
Rudge<- Activity:  1 .  Terhnologv Rase 

major redesign of the extended range R" Howitzer artillerv projectile was completed and the stress 
analysis effort was alro finished.  Testing of design chanqep has been completed and flight test 
projectile fabrication has begun. 

Under the Advanced Warhead Technology program, analysis of the interaction of the forward shaped charge 
with limestone, granite and varieties of reinforce concrete was begun.  Assessment of the foilow-throucrh 
charge propulsion mechanism interaction with the forward shaped charge was begun.  The Shoulder-Launched 
Multi-Purpose Assaul*- Weapon wall breaching hvperboloid charge development was initiated. 

b.  FY iqRB Program:  The joint Air Force/DAPPA design definition study for a testbed and test, 
program continues as a part of the Critical Node Targeting program. 

In the Su^'eil]nnce "adar program, hardware development o*7 the miniaturized Remotely Piloted Vehicle 
(PPV) radar is beino completed.  Analysis of Reduced-Tolerance Tmaging technioues continues. 

In the Autonomous Infrared (ipi Sensor program, multi-sensor instrument data is provided to algorithm 
development teams.  Kvaluation of algorithms is conducted usino standardized evaluation principles.  A 
standard sensor database is provided for algorithm evaluation.  Synthetic imaoery database is completed. 

In the Uncooled Sensor program, three candidate desiqn configurations of a pvroelectric element imaging 
arrays are being evaluated in the laboratory. 

In the Millimeter Wave Sensor program, research on the phenomenology of high resolution Millimeter Wave 
target discrimination techniques continues.  Alternative discrimination algorithms are examined and 
optimised.  Design and fabrication of a testbed collection sensor continues.  Development of new target 
detection/classification algorithms is initiated. 

In the Advanced Pamjet Munitions Technology program, RAMPOD component testing is accomplished under high 
g loadings.  RAMROD projectile testing of auto-ignition, ramiet boost-sustain function, aeroballistic 
stability, and structural integrity is conducted.  In the Metalized Boron Fuel Intregral Rocket Pamjet 
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PY   IQRfi   PDT&K   M8CR1PT1VB   ^TTMMAOY 

Proipct :     TT-5 
Program  Flernpnt: «fiP^fiPF 
nSDP&F Mission Area:  530 

Title;  target ArquisH-jon anr! Weapons Tpchnoloqv 
Tltl«l  Tactical Technology 
Pudgpt Activity;  1.  Technology Rase 

effort three arlvanced boron fuels and a state-of-the-art hydrocarbon fuel are tested at the Naval 
inSFyr]9R5te RCh001' Undor cn,rmnn   «»«ItlOM to determine the best fuel for a flight demonstration latrr 

. ,. ■I..C-     rrt1^ Panned Program and Basis for FV 1086 Peguest:  Critical Node Targeting design 
?!fl!^??_"??i*i_f0r_! ttBESi  will be completed and  fabrication of the required sensors and 
integration hardware and software initiated.  Selection of promising techniques, optinized' for 
critical battlefield nodes, will be made and development o^ receiver hardware and software will 
ini tiated 

Components of the 

targeting 
be 

miniaturized Remotely Piloted Vehicle (PPV) Survei]lance Radar will be lnte«r»*«rf and 
will be in1"'  ^ a Sman Stand~up aircraft »« fabrication of the fully miniaturized signal processor 

Efforts in the Autonomous Infrared Sensor Technology program will be designed to deflnitize emerging 
algorithm evaluation standards and define criteria for synthetic data with which to test algorithms 
no«H r3 I^' i:r0q^m  f^ilities will be performed with real imagery.  Multi-sensor data combining will be 
used in the development of high performance algorithms. 

Uncooled Sensor program will demonstrate imagery from uncooled laboratory model cameras with adequate 
resolution and sensitivity for autonomous weapon and night sight applications.  Pased on results 
nARPA/^f'/^ K  0PeraHonal ^sihilitv of one or two of the best approaches will be pursued in . iolnt 
DARPA/Armv/Air Force program.  Candndate applications include an air-to-ground munitions seeker, a fire 
and forget missile seeker and an air-to-air missile for anti-helicopter missions. 

• 
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FY 198€ PDT&F nFSrpTpTTVK StIMMAPY 

Proiert; 5PT_5 
PrograiT' Flpmont:  «e^VOPE 
t'SDR&F Mission Area:  530 

Tif-lp;  Target Acquisition anr! Weapons Tochnology 
Title:  Tactical '. eohnologv 
Buriqot Acti"iti':  1 .  Technology Pase 

Efforts in the Millimeter Wave Autonomous Sensor proqram will continue to optimize hattlefielrl target 
detection/classification algorithms and autonomous sensor modeling.  Testbed sensor fahrication wil] he 
completed and collection of « comprehensive database will be Initiated.  Contractors who have heretofore 
been usina existing databases for algorithm development will beqin using the new, hiqher-quality data. 

Advanced Pamiet Munition Technologv proqram efforts will include preliminary testing of RAMPOD 
proiectiles and structural integrity at high g-loadings using the M-68 IDS mm gun.  Dispersion and 
lethality testing o^ PAMPOD will be initiated late in Fv 1986 or earlv FY lf87 and the t-echnologv will be 
transferred to the U.S. Armv.  The tubular projectile Pamiet Tombustion Phenomenologv effort will beoin 
free jpt testing of solid fuel ramiet engines.  Integration of experimental and modeling efforts under 
the Pamjet Combustion Phenomenology effort will be completed and transitioned to the Navy and Army in 
late FY 1986 or early FY 1087. 

Tn the Advanced Warhead Technology program, the Penetrated Augmented Munition fPAM) system (desiqned as a 
special operator demolition) will be demonstrated and transitioned to the Army.  The preliminary Bridge 
Poad and Tunnel (BPAT) svstem design will be completed.  Late in FY IQSfi or earlv in FY 1987 the BRA"" 
svstem will be demonstrated and further development will be undertaken hv the Armv.  The Hydrostatic 
Shaped Charge Fragmentation concept will be demonstrated using an extended range, high lethality (up to 
50% greater than current unltar" artillery projectiles) nrtillerv warhead.  The Advanced Anti-Armor Pifle 
Crenade will be developed and demonstrated. 

d.  Program To Completion;  Tn the Critical Node Targeting program, fabrication will be completed 
during FV 1987.  Flight test evaluation will be initiated in the Continental United States rcONUS). 

In the Surveillance Radar program, flight testing of the final version of the Miniaturized Pemotelv 
Piloted Vehicle (RPV) radar svstem is planned tor late FY 198''.  Experimental cruise-missile surveillance 
techniques will be evaluated in FY 1987 and FY 1988. 

Under the Autonomous Infrared Sensor Technology program, performance capabilities and limitations of 
advanced autonomous active and passive infrared sensor/signal processing techniques will be provided to 



R . 

n  1986 PnTs,F DESCRIPTIVE SUMMARY 

Proj«cti     TT-5 
Proprem   ElPMipnt-: #62702E 
USDR&K  fiiRninn  Aroa: 53(1 

TitlPt  Target Acquisition and Wpapnns Tpchnolngy 
TIMP:  Tactical Technology 
Budget Ari-ivity;  1.  Tpchnnlogy Basp 

industry as rpsulta hpcomp availablp.  Transition of systpm/spnsor dpvplopmpnt data will hp completed and 
a standardi^pd databasp will  be made available for industrv sensor design and dp"p1opmpnt efforts. 

Thp tlncooled Sensor proaram will   transition to the Armv during FY l§§7 with th€  demonstration o* a 
prototype imager with high spnsitivity, small pixel detectors and large imaging detector arra"s. 
Advanced development and operational testincj to determinp operational practicabil itv v;in be completed by 
the Army during FY TJKP. 

In the Millimeter Wave (MMW> Autonomous Sensor program, collection of a comprehensive high resolution MIN 
database will be comp]ptpd during FY 1987.  Peduction and analvsis of this data will be completpd and the 
data will be applied to optimize the MMW autonomous sensor design. Design optimization and evaluation 
will be completed during FY 1988, resulting in the definition of a new generation of fire-and-forget 
millimeter wave seekers and "smart" fire control radars. 

Under the Advanced Pamiet Munition Technology program, the ioint DAPPA/NASA air turboramiet engine 
technology ^estbed will be evaluated over the ful] dynamic range for which the engine is to be designed 
in the NASA Langley wind tunnel during FY 19R'71988. 

In the Advance Warhead Technology program, efforts will continue to evaluate and develop simple, hiah 
payof* concepts until program termination in FY 1990.  Developed technologies will be transitioned to the 
Services as appropriate. 
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FV mPfi POTSK PFSCPTPTTVK PHMVAPV 

Pro-iort:  TT-S 
Program Elpment; j^TJO^ 
HSDP&E Mispion Area: S?0 

e.  Milestonos: 

Last Year's 
RppnrtPd Plan 

Current 
Plan 

Critical Node Tarnet inn Program: 

Karly FY 1986 

Mid FY 1986 

Late FY I^Pf. 

Early FY 19RP 

Uncooled Fensor Program: 

Mid FY 1985 Vid FY 1985 

Latf FY 1987 I.atP FY 1987 

Millimeter Wave Autonomous Sensor Program: 

T.ate FY IfM I*t« FY ltt7 

Late FY 1986 Late FY 1991 

Title:  Target ArquiPItion and Weapons Technology 
Title:  ^actiral Technology 
Budqet Artivitv:  1.  Technology Base 

Milestones 

MFTASrAN receiver test and evaluation. 

Peceiver test and evaluation. 

Application and evaluation of knowledge engineering and 
pattern recognition processing. 

Testbed flight tests. 

Image demonstration: Large Arravs, Small Pixels, Full 
Sensitivity. 

Program transition to Service development programs. 

Data collection will be comnleted. 

Pesearch phase will he completed. 

» f tmm» 
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Proiert:  TT-S 
Proqram Elpitiort:  #627028 
USDP&F Mission Arp^l sTb 

Current 
PUin 

Last Yp.Tr's 
Peported Plan 

Mid FY i9t7 M.d pv lgRR 

Late PV iqR7 Latp  FY 19R8 

Advanced Ramjet Munitions T-echnolo^v grg^g, 

FV IQRfi PDT&F nFSCPIPTT^'F ptTMMARv 

Milestones 

Seeker desicins will be delivered. 

Seeker designs evaluated. 

Mid FY lQfi4 

Earlv FY 19R6 

Farlv Fy 1^86 

Mid FY 19Rr, 

Early FY iqflS 

Farlv FY 59R5 

T.ate FY 1<1R5 

Late FY ign^ 

Mid FY 1986 

Mid FY 1986 

Earlv FY ]or7 

Late FY 1Qp7 

Mid FY J9PP 

Critical component Omvlepmmt*   and fabrication of PAMPon. 

Pamjet lethality testinq completion. 

Tubular Paniet combustion nhenomenolopv effort initiated. 

Smooth bore firing fl7SMM Gun) of RAMPOD. 

Air Turhoramiet concept design study initiated. 

M-68 inSMM hioh-q firing of PAMROD. 

Alr^Turboramiet Technology Demonstrator development will 

PAMPnn dispersion and lethality test firing series. 

Air Turboramiet demonstrator wind tunne! testinq begins. 

Air Turboramiet wind tunnel testing completed. 

■■■■■■ 
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FY   lOPfi   PPTAF   DFSCRIPTIVK   SUMMAPV 

Currfnt 
Plan 

Proiect:  TT^g 
Proaram Elempnt:  £fi22ilZZ 
DSDMB Mispion Aroa:  ^30 

Last Yoar's 
PpportP^ Plari 

Advanced ■■'-^^^ Torhnoloov Program: 

Mid FY T>R5 

Mid FV IW 

Late FY T»^ 

Late FY I^PS 

Late FY IMS 

Late FY 19R6 

T.ste FY 1986 

Late FY 1986 

Late FY igK-7 

Late FY 1987 

Title: ZZin.^   *ravi3itian  and Weaponr, Technolog 
Title-  Tartii-a1 ^er-hnol oqy 
Budqet Activitv:  r:_^ecnnolocty_Hase 

Milestoner. 

Hyperboloid rharqe demonstration. 

Charqe franmentation concept definition. 

Advanced anti-armor rifle qrenade concept definition. 

Charge warhead concept definition. 

Penetrated Augmented Munition (PAM) preliminarv design will 

be completed. 

PAM demonstration. 

Bridge Road and Tunnel (RPAT) preliminarv design will be 

complctod. 

Advanced anti-armor rifle arenade will be demonstrated. 

PPAT demonstration. 

Charge initiative demonstrated. 

„.„ j^rirwM'itntffliaa'B'^ra s^SiSx"«^1^! 
Sensor p 
design. 

,1 
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Fv   10R6   PHT&K DR8CR1PTTVE  RIIMMAPV 

Proiect:     TT-5 
Progrnn Flpinpnt:  #627028 
I'PDP&F Mission Arpa:  S^n 

Titl.fi;  Tarqp*- Aronipit-jon anrl Wpapnns Tprhnolnqv 
Tit1P:  Tarfical Tfcbpology 
Rudqpf- ArtTvTTvl  T^  ^pchnoloqv Rasp 

Thp rhanqpr. in the Advanrpf' Pamiet Munition Tochnnloqv proqram were canspd by a ninp-month delay in 
contracting for the PAMROD development; the need to understand the dynamicF of solid fuel ramiet 
combustor operation under high spin conditions; and the start o*" thp air-turboramiet <-echnologv 
investigation.  The changes in the Advanced Warhead Technologv program are based upon the further 
refinement of program obiectives, the signinq of a DAPPA/Armv Memorandum of Undeistandinq for the 
PAM/BRAT devplnoment and the very late initiation of the proqram in FY ]t)R4. 

The chanqes indicated in thp Critical Node Targeting nroqram reflect a further definition of the progr? 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  #TT-6 
Program Elnment:  62702E 
USDRE&E Mission Area:  530 

Title:  Tactical Directed Energy Technology (NEW START) 
Title:  Tactical Technology ' 
Budget Activity:  1. Technology Base 

"•   PROJECTS OVER $7 MILLION IN FY 1986; 

2-        Program Accomplishments and Future Programs: 

a-   FY 1984 Accomplishments:  Not Applicable. 

b.   FY 1985 Program:  Not Applicable. 

new directed «^Hof^fej^g tnclude'the^eve!1986 P&Pl    -^  " 1986' DARPA Wil1 initiate ■ 
limits of nonlinear opt cal processes whiciSLethfnotent^l fn  taCtlCal appUcations. The performance 
visible and IR lasers will also be determined   The obiectWenf.h"3"^ 2" PerfeCt beam qUality from both 
develop efficient extra high power microwave sources   ?h^ of fL^  ■ f?00^, P0"10" 0f thiS ProJect is to 
Lawrence Livermore National Laboratory and utn?^^ I effort will exploit recent breakthroughs at 
feasibility of f^Stl^^^iÄ/^JJ^f^'ifSJ*^?* fCelerator 'ETA' ^ determine the 
wavelengths will provide new option/for advanc^freelllLcf^J^teL^n^ ^irs^sor^i^o^^^S^ns. 

d-   Program to Completion:  This is a continuing effort project. 

e.   Milestones:  Not Applicable. 

f-   Explanation of Milestone Changes:  Not Applicable. 

•""' 'i   »Ji.i» *ymmM^.^„ 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element: tf»?,7n»F, 
USDRtE Mission Area:_aai} 

A.  Rt.gnnrr.fts ($ in Thousands) 

Title:  integrated Cnmmanri and Control TechnQJQgY 
Budget Activity; 1 Tprhnnlngy Ras» 

Project 
Number Title 

Total 
FY 1984  FY 1985  FY 1986  FY 1987  Additional     Estimated 
Actual   Estimate Estimate Estimate to Completion Costs  

TOTAL FOR PROGRAM ELEMENT 43,519 

IC-1  Distributed Information   23,961 
Systems 

IC-2  Advanced Command Control  19,558 
and Communications Technology 

53,000 

73,400 

29,600 

53,000 

23,700 

29,300 

57,500 

23,600 

33,900 

Continuing 

Continuing 

Continuing 

N/A 

N/A 

N/A 

RRTFF nF.SrRTPTTON OF F.I.F.MFNT AND MISSION NF.F.D Kicii-r   UKSCRI ia.üJ.N  ur i-LCMLi-ij   iuiu t« i .■■:. iM^s .m^.u      The objective of DARPA's   research   in 
I 
comput 

operationrrenvironment^^A^heavy'emphäsis is placed on the development of distributed 
communications and processing technologies to enhance survivability. 

ntetrrated Command and Control technology is to develop advanced information processing and 
omputer-communications technology wh'ich provides a technology base for future command and 
ystems and to demonstrate and evaluate them with the Services and our Allies in selected 

control 

C.   rOMPftfllSflN WT-™ "-v lau*   nFsr.RTPTTVF SUMMARY: 

problems surfaced during the testing of the initial Low-cost Packet Radio prototypes 
■ ,... in redesign activities for portions of circuitry and packaging.  This resulted in del 

n the building of the quantity units required for development of the networking software and 
elivery to the testbeds.  The delay is anticipated to be approximately six months in testbed 

1. 
resulted 
i 
delivery 
delivery. 

ays 

_ 

_ 
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■0'/ jij^. % -v"V_V  '  ■    .s'v*   ■ fi , 
... _ _ . •    , 

* 

1^ ■■i.iipiB f 
; ( 
i 



r— ä 

FY 1986 P.DT&E DESCRIPTIVE SUMMARY 

Program Element: tffi?.7n«F 
USDR4E Mission Area: fj.^n 

Title: Integrated Command and Control Technology 
Budget Activity:  |  TArhnolngy Ra<;p 

2.  Restructuring of the projects within the PE has resulted in funding level changes of the 
projects, with no change in the overall PE funding. 

D. OTHFR    APPRnPRTATTON   FIINinS ■     None . 

E. RF.i.ATFD ACTIVITIES- The internetting effort is coordinated with the Defense Communications 
Agency (DCA) and the Services.  The Defense Data Network is utilizing the DARPA developed Internee 
protocols.  Efforts to achieve interoperability of command and control are being coordinated with 
DCA, the Services, and a number of NATO countries. DCA, the Army Communications-Electronics Command 
(CECOM), the Naval Electronic Systems Command, and the Air Force Rome Air Development Center (RADC) 
are all conducting research in packet-switching based on the DARPA research results.  RADC is also 
funding and coordinating efforts in distributed processing technology.  The Strategic Command 
Control and Communications experiment is a joint effort with the Strategic Air Command (SAC), RADC 
and DCA.  The Ft. Bragg testbed is a joint effort with the Army, with CECOM playing the lead role 
for the Army.  The development of wideband packet satellite technology is being carried out jointly 
with the Experimental Integrated Switched Network effort of DCA and the Services.  Development of 
security devices for the tactical environment is being carried out jointly with the National 
Security Agency and CECOM.  Design tools are being developed by the Ada Joint Program Office and 
the Software Technology for Adaptable and Reliable Systems activity. 

F. WORK PERFORMED RY:  Universities 55%, Industry 41%, In-house 4%. The major performers are 
University of Southern California/Information Sciences Institute, Marina del Rey, California; Bolt 
Beranek and Newman, Cambridge, Massachusetts; SRI, Menlo Park, California; Stanford University, 
Stanford, California; Carnegie-Mellon University, Pittsburgh, Pennsylvania; Massachusetts Institute 
of Technology, Cambridge, Massachusetts; MIT Lincoln Laboratory, Lexington, Massachusetts; 
Hazeltine Corporation, Greenlawn, New York; University of California at Berkeley, Berkeley, 
California; Rockwell International, Richardson, Texas; Perceptronics, Woodland Hills, California. 

G. PRn.iF.CT.s UHM THAN |7 Mi1.1.TDN TN Fv  IQ«B- Not Applicable. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project: *   ir-i 
Program  Elemant. ■   miQil 

USDRiE  Mission  Arfta    fi.sn 

Title:     nist.rihllt.ftri   TnfnrmaMrm   ^Btt—1 
Title:   Integratfid Commanri  and rnntr^j   Tftrhnnlnrv 

Budget   Activity:    ] Tftnhnnlngy   Racjp, 

H /ER   17   Mill.TOM   TNI   FY   19Rff 

processmg in DoD command, control and communications applications TeChniaues a?« h« n2 H^., A 
to support secure distributed processing among comouters or. nff2^n<- ^ u ? . , eing developed 
to control   and  regulate the performance^* thf  internet enlVronmlnrarrS^develooed Mechanisms 

software will   use  techniques   from artificial   intelligence to atd?nth«^lalfIntflllge^Ce AI-based 

practicin. verfug  t..m SÄ ^i?^""^?^^ KÄV^Ä^rtf X^r^.oped 
Prngram Ar.r.nmnl i shm^nt s  and  JatiOai  p™eT-amc 

a        fY  1flH4  Annnmpl ishmpnts:   Techniques were developed to tiirhtlv   intntrrai-a tv,^ K^O«.       ^ 
communication  resources   in the   intarnet environment  and VUiWBtMtSmmwmZi^lZvS**}?^2* 
level  protocol   standards.     Name  servers were developed and demonstrated on  the ARÄT ?n ?oAlgher 

internet  resources.     The wideband network was   further  intLr»f^  i„f    ^     •   .     ARPANET to  locate 
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FY 1986 RDTtE DESCRIPTIVE SUMMARY 

Project :   i   TOI 
Program  Element:   tffiP.TOflE 

USDR&E Mission Area: Mfl 

Title:    nistrihnt.fid   Information  .Svst.fims 
Title:   integrated  Command  and  Control  Technology 

Budget Activity:   J Tpr.hnn 1 ngy  Rasfl 

nternet 
adio 
ARPANET 
together 

ia 
(Argus) 

ting of 
Igorithms 

An end-to-end remotely keyable encryption system based on the National Bureau of Standards 
(NBS) Data Encryption Standard (DES) was demonstrated in prototype form. Development of a 
certifiable end-to-end encryption system for the Ft. Bragg and SAC testbeds based on the I 
Private Line Interface (IPLI) continued. Work began to interface the IPLI's with packet r 
technology for use in the testbeds. A system was developed to control user access to the 
through Terminal Access Controllers (TACs). An experimental distributed operating systerm, 
with an extensive collection of application tools, was enhanced to support a large 
(150-workstation) user community of software developers. A prototype distributed multimed 
message system was implemented. The design was completed of an integrated language/system 
for the creation of distributed programs, and an initial implementation demonstrated. Tes 
the six node distributed sensor network has been completed, and new distributed tracking a 
have been demonstrated which show order-of-magnitude improvements in tracking accuracy and 
computational efficiency. 

Techniques for using artificial intelligence in developing software systems were explored. 
Techniques were also developed for reasoning about programs using fault analysis and programming 
language constraints. Program optimization based upon symbolic evaluation and simplification along 
with deadlock detection and avoidance for communicating processes were demonstrated. An annotation 
language (ANNA) was developed for Ada and techniques were developed for specifying Very Large Scale 
Integrated (VLSI) designs in a subset of Ada. A prototype Ada programming environment (ACTURUS) was 
developed that provided many capabilities found in LISP-like environments including support for 
rapid prototyping and program development. 

A training simulator networking project called SIMNET was initiated to study the feasibility of 
interconnecting large numbers of simulators so that military personnel could practice team combat 
skills from their own bases and at very low cost. The goal is to develop the base technologies for 
large scale simulator networks where team practice can be accomplished regularly and intensively, 
particularly where parts of teams are stationed at many remote locations. Initial work identified 
the basic architecture for such networks and designed a testbed on which to test and evaluate this 
architecture as it evolves. 
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FY 1986 RDTtE DESCRIPTIVE SUMMARY 

Project: ä   TT.-l 
Program Element: tf»?,7nHF. 
USDR&E Mission Area: fiflfl 

Title:  ni^t.rihutad Tnfnrmat.inn .Systems 
Title: Tnt.Rfrratecl rnmmand and Control TftfihnQlOKY 

Budget Activity: J Tprhnnlngy Rasa 

support adv 
will be dev 
multi-media 
compressed 
support dis 
Network par 
IPLI's are 
and SAC tes 
encryption 
used to ach 

O. 
anced 
eloped 
confe 

packet 
tribut 
tition 
be i ng 
tbeds 
device 
ieve p 

-m. Program: The internet will become an •^^^^^''^K^I^rS^ iQBt; Prno-rair.  The internet Will uecomo an oixooi-ivo ....«...»..."- -■••    r,_„*^«^i^ 
software fy"tern development and high-level command control applications  Protocols 
^support distributed Communication and Control (08) applications including 
rencfng The wideband network is being used to demonstrate transmission of 
video images  It will be integrated into the internet environment and used to 

ed commanÄ con^l research requiring high bandwidth ^"«rSf^Jf^ «fh. 
detection and recovery mechanisms are being evaluated in the internet sys^ The 
certified for use with packet radios to provide "et*0^ security ^^«^^^ 
The TAC access control system is being installed on the ARPANET The DES based 
is being evaluated for compartmentation of a secure local network and will be 

rivacy on the ARPANET. 

The testbed six-node distributed sensor network is being integrated into a robust, self-managing 

experfmeitll development of new'software and systems process models for medrum and large-scale 

experimental use. 
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•Y 1986 RDT&E DESCRIPTIVE SUMMARY 

Project;  it   in-i 
Program Element :_Afi2JLQa£_ 

USDRtE Mission Area:_5aü 

Title:  nist.rihiit.Rfi Tnfnrmat.inn Syst.fim.t; 
Title: Integrated Command and Control Technology 

Budget Activity: J TP.nhnnlngy RASPI 

The simulator networking research will produce a very low cost prototype simulator that will be 
mass produced for use as the gaming station on the network. This prototype will be finished in 
mid-FY 85 and a local area network of eight of these simulators will be tested in late-FY 1985. 

C FV   IflHR   Planned   Prngram   and   Ras is    for   FV   1fl«fl   Rftfjiiflst. ■       Techniques   will   be 
demonstrated for distributed real-time applications operating on the Internet system to support 
multi-media conferencing. New end-to-end communication services will be developed and demonstrated 
to support such applications. Interoperability of tho Internet system with commercial systems will 
be demonstrated, including electronic mail and appropriate charging mechanisms. 

The distributed sensor network will be used to explore distributed information query and retrieval 
using goal-directed smart processes that migrate through the distributed system collecting 
information and returning to the user. Distributed knowledge-based techniques will be developed 
for target recognition problems and for system diagnosis and control. A demonstration of the 
evolutionary systems development concepts will be performed by initiating development of secure 
multi-media conferencing. Prototype development of the new experimental environment will be 
started Small-scale prototypes of the major subsystems will be developed and used as a basis for 
evaluating the designs. A prototype system framework will be developed as a collection of 
interfaces and support mechanisms to provide an integrated environment while maintaining 
modularity. In addition, the prototype development of an extensible data type system, object base, 
knowledge representation system, analysis and reasoning tools, wide spectrum language and graphic 
user interface will be started. 

Two small local area networks of simulators, each located on widely separated military bases, will 
be connected by long haul networks. Tests will commence assessing the peformance of the local and 
long haul networking, particularly as it relates to the perception of time delays by the military 
personnel who are engaged in combat exercises over the networks. 
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FY 1G86 RDT&E DESCRIPTIVE SUMMARY 

Project: *   in-i 
Program Element:. 

USDRfcE Mission Area:_&aß 

Title:  nist.rihiit.ßH Tnfnrmat.inn Systems 
Title: Integrated Command and Control Technology 

Budget Activity: J TAP.hnnlngy Rasa 

d.  Prngram t.n Cfimplfit.inn: The internet environment will become a tightly integrated 
network of networks.  Interoperability with other protocol systems will be explored.  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.  Techniques will 
be developed and demonstrated to permit a locally specified tradeoff between transparency and 
autonomy in a distributed operating system.  Mechanisms will be developed which permit integrated 
operation of very large distributed systems with thousands of nodes.  A distributed operating 
system will be developed and demonstrated in which support of nodes spread across an internetwork 
is included in the fundamental design of the system.  A distributed system design approach will be 
developed in which the distributed and fault-tolerant nature of replicated objects is a basic 
property of the objects themselves, allowing the designer of a distributed application to proceed 
as if he were creating a simpler non-distriburted design.  The distributed sensor network program 
will be completed with publication of a book describing the theoretical foundations and algorithmic 
and knowledge-based techniques developed and validated.  The full evolutionary systems architecture 
and engineering method will be developed and demonstrated for secure multimedia conferencing in a 
Service testbed, including a knowledge-based self-awareness capability. 

The new experimental software and system development environment will be completed. The most 
promising new software and system development methods will be rapidly prototyped using the new 
experimental environment and prepared for experimental use. New tools will be developed to support 
the use of multiprocessor system architectures. 

6.   MiIftSfnnfis■ 

Last  Year's 
Rfipnrt.fifl  Plan 

Current 
Plan  Mi Ifist.nnfi 

Late FY 1984 Mid FY 1985  Demonstrate prototype Ada-based Distributed Data Management 
System. 
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FY   ISM   RDTSLE  DESCRIPTIVE   SUMMARY 

Project;  M   If.-l 
Program Element:. tfft?7nfiF. 

USDRkE Mission Area:_iaß 

Title-    BiatBilMlfd  infnrmaf.inn Systems 
Title.  latmafd nnmmnnd and Contrn]  TfirhnnlQKY 

Budget Activity:  ]    Tnrhnnlntfv  R^R 

Last Year's 
Rppnrtf.^ Plan 

Early FY 1985 

Mid FY 1985 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Late FY 1984 

Late FY 1985 

Mid FY 1986 

Current 
Pi an  

Early FY 1985 

Under 
Consideration 

Mid FY 1985 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Late FY 1985 

Late FY 1985 

Early FY 1985 

Mid FY 1986 

Mi logtnnft 

certify manually rekeyed end-to-end encryption system for use at 

Fort Bragg. 

initiate installation of privacy devices on ARPANET. 

Prototype simulator tested. 

install TAC access control system on ARPANET. 

Complete distributed operating system for multiple computers on 
high-bandwidth network. 

Demonstrate prototype Ada-based Distributed Data Management 

System. 

Local area network of simulators tested. 

Demonstrate multimedia message system in Fort Bragg testbed. 

complete distributed monitoring facility and distributed object 
access mechanism for Berkeley UNIX. 

Demonstrate interoperability of the internet with commercial 

networks. 
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FY 1986 RDTtE DESCRIPTIVE SUMMARY 

■  t , rn-i Title: ni st.rihut.pfl Tnfnrmaiinn .Systems 
Program Element:_ifiziüÄt_ Title: Tnteprnteri Command an^l Control iMteftiMB 
USDRtE Mission Area:_aaß Budget Activity: 1  Terhnnlngy laM 

Late Year's       Current 
Rapr.rt^rt   Plan Plan Mi IfiSt.nnR 

Mid FY 1986      Mid FY 1986  Initial testing of long haul simulator network commences. 

       Mid fry 1986  Demonstrate knowledge-based acoustic/video tracking. 

       Late FY 1986  Demonstrate multi-media conferencing system. 

Mid FY 1986      Mid FY 1986  Demonstrate interoperability of the internet with commerical 
networks. 

Mid FY 1986  Demonstrate multi-media conferencing system. 

       Late FY 1986 Complete initial design of a prototype new-generetion experimental 
environment. 

       Early FY 1987 Develop Knowledge-base evolutionary systems architecture and 
engineering methodology. 

       Late FY 1987  Complete initial prototype of new-generation experimental 
environment. 

f   FTfnlnnnMP" ftl KLUltttM OhMMWU Demonstration of a prototype Ada-based Distributed 
Data Managemenr^stem^s delved due to the" unavailability of a certified Ada compUer. 

The TAC Access Control System will be completed several months ahead of schedule because planned 
additional debugging of the software will not be necessary. 

■«■        " ' ——■ 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project: 1 in-l 
Program Element:. tffl?.7nRE 
USDR&E Mission Area;_äaü 

Title:  rn citrihiitprl Tnfnrmatinn Syst.ftms 

Title: Tnt.fipraterl rommand and Control TfifihnQlQgY 
Budget Activity: J TPir.hnnlngy Rasfi 

A decision considering installation of privacy devices is delayed pending a policy determination 

considering policy on the ARPANET. 
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Prnjfiot.  # in-? 

Program Element :_iLaZiüÄ£_ 
USDRiE Mission Area:_aaü 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title:  Aflvannnri Onmmanfi Dnntrnl nnmmim i na t i nn To^hnnlngy 
Title:   nfifpiTiP Rpgoar^h  Sriftnrpi 

Budget Activity: _1 Tp.rhnr.lr.p-y Race 

H.  PRn.iEnTS OVFR f7 Mir.r.TnN TN FV IQH«- 

A      
l- A   Prnjfirt ripsr.ript inn: The objectives of this project are to develop and demonstrate 

advanced command and control technology and transfer it to the Services.  sSrvivable networks are 
being explored which can function in the presence of jamming, spoofing and the loss of 
?°™Car0n sources, and techniques are being developed for utilifing and controlling 
large-scale communication networks consisting of thousands of nodes.  Low-cost packet radios are 
being procured to support experimentation with large scale networks.  A survivablecommun cations 
network architecture for use in both a CONUS based application and a satellite network cCnsistin^ 
of multiple, low-orbiting, low-cost satellites is being investigated  Ths system suDoortshi^h 
beinrS.rnTf000 ^^ ™™ication based on packft switching tech™ og^TmSdologyfs 
being developed for rapid implementation of custom and semi-custom integrated circuits and 
mechanical parts which permits the physical separation of the design and fabrication proCesses 
S flSlSSd oroleot0^ ^ devel0*>rnt  time f0I\ criti"l ^fense components from clpleteddlsign to finished project to a few weeks. A joint testbed program is being carried out with the Armv at 
Fort Bragg North Carolina, to develop distributed ADP applications for evaluation in an 
^nnnrt0"?1/^10'11 envir0,™e"t> to evolve innovative system concepts for the use of cCmputers in 
support of future Army requirements, and to develop doctrine for distributed processing in a Corns 
headquarters.  A strategic command and control experiment is being conducted jCintW with Defend 
Commun cations Agency (DCA) and the Strategic Air Command (SAC) to evaluat^the use of nacket radio 
technology, internetting and distributed data base technology as a basis for providing sSrviiable 
communicaUons and for rapid reconstitution of strategic communications following a mfjor attack 

2. Prngram   Ar.r.nmpl i shmonf g    anf|   Fnfpra   Pi-r.gT-afnc i 

,-nHi^ „ * a L 
FY 1fl»4 AnnnmplishmRnts: Theoretical and experimental work on the control of lar«re 

radio networks was continued with emphasis on the development of survivable network techniaues 
robust protocols and network-based C3 countermeasures.  Initial integration and testing of thl' 
low-cost packet radio (LPR) was completed and required redesign initiated in preparation for 
delivery of 1000 experimental units.  Network control algorithms were adapted to uUlze the code 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project■ *   ICmi 
Program Element :_JüiZlüÄE_ 
USDR&E Mission Arna- san 

Title:     Arivanp.ftd   nnmmanrl   rinnt.rnl    rnmmuni nat. i nn   TPfhrinlngy 
Title:    Dftfonsa   RftSBarrh   Sf. ionnps 

Budget   Activity: _1 Tf»nhnnlr»gy   Rasft 

changing features of the Low-cost Packet Radio-^LPR).  The initial LPR software development was 
initiated.  An architecture was developed for decentralized control of network based ADP resources 
in the battlefield in conjunction with the Army. A technical and program plan was developed jointly 
with the Army for the exploration of this architecture in the joint testbed at Fort Bragg, North 
Carolina.  High -lower appliques were constructed for packet radios and they were shown to operate 
effectively at distances of 250 to 300 miles.  Modifications to current internetwork protocols were 
designed to support network reconstitution and partitioned network operation.  Extended range 
packet radios were installed on Strategic Air Command (SAC) aircraft to support network testing and 
experimentation.  Design of a bomber recovery data base was completed and Strategic Planning Aids 
are being developed.  Implementation was begun of i database management scheme which can restore 
the consistency of replicated databases after a network has been partitioned and reconstituted. 
Feasibility studies and preliminary architectural designs were completed for the airborne 
demonstration of the low-orbiting multiple satellite system.  The Very Large Scale Integrated 
(VLSI) last turnaround fabication service, called MOS Implementation Service (MOSIS), used 
commercial vendors to produce over 1700 designs submitted over computer networks by researchers 
representing over 80 organizations. Negative Metal Oxide Semi-conductor (NMOS), Complimentary Metal 
oxide Semi-conductor (CMOS), and Complimentary Metal oxide Semi-conductor/Silicon on Saphire 
(CMOS/SOS) fabrication was provided.  A process description language called FABLE was developed to 
support automated control of foundry operations. 

b.  FY Iflflfi Prngram: Development of the initial version of software for low-cost packet 
radio is continuing.  Performance enhancements are being explored along with access control and 
protection of network resources in the face of sophisticated threats. End-to-end network security 
devices (see Distributed Information Systems IC-1) are being integrated into the Fort Bragg and SAC 
testbeds.  Experimentation involving multiple network partitions is being conducted using an 
airborne packet radio network, the ARPANET, and local area networks.  Database partition recovery 
software is being completed and tested with the bomber recovery database  Initial testing of 
strategic planning aids is being performed.  The Fort Bragg testbed is being fully configured with 
packet radios, packet switched multichannel radios, distributed computing and end-to-end security 
devices. Distributed command and control applications to be evaluated in the testbed are being 
designed and developed.  Development of a low-cost high performance tactical end-to-end security 

ffl r? 
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Project:  i   ir.-2 
Program  Element:   tffi27flHE 

USDR&E Mission Area:  fiao 

FY   1986   RDTiiE   DESCRIPTIVE   SUMMARY 

Title:     AHvanpfiH   HnrnmanH   r.nnt.rnl    nnmmnn i na t. i on   TRnhnnlf)gV 

Title:   ncfwnctp   Ro-aparrh   Sr.i p.nnp.s 

Budget Activity:-J Tfinhnn 1 ngy Ra.sfl 

system will be demonstrated at research sites. 

rv 1Q«R pipnr.0H BBQgCM 
g"H Rasi<; f"r FY iqflfi RpmiRSt: The initial version of the 

Low-cost Packet Radio (LPR) software will be completed, tested, and installed in a number of 
testb ds including those at Fort Bragg and SAC HQ.  Software development to support large 
sSivable networks will be initiated.  Techniques for dealing with sophisticated distributed 
threats against distributed command, control, and communication systems will be developed, 
integration will be completed of all components of the SAC testbed and associated software, 
nclud^i* the bomber recovery application, the internet reconstitution software and hardware, the 

oartit on-recoverable distributed database manager, the strategic planning aids, and the network 11 ,..Vi:_, i._..;_„ „^»^„^.iiu infcaratari  tAst.hfiH  a SOTIOS of experiments security devices.  After initial testing of the fully integrated testbed. 
will h« pondurted constituting a totaJ system demonstration of the technology uevuiu^ou in UMO 
Stiitegirca Experiment  Capfbtlities demonstrated will include updating of replicated data bases, 
comminfcations and database ^constitution, and distributed automated support for command and 
cCntro  functions such as aircraft recovery planning.  The distributed command ^control 
aoDlications will be evaluated with the XVIII Airborne Corps and other users in the Ft. Bragg 
?estbed?he tactical end-to-end security device will be competitively acquired.  A demonstration 
of low cost multiple satellite communication will be carried out in the laboratory.  The MOSIS 
System Sill prov de compatible 3 micron and 1.2 micron CMOS processes to designers in the research 
c mmCnity  Quality control procedures will be incorporated to enable use of the MOSIS for 
operational defense systems. 

»MaaM tn rnmplftt.ion- A network management system for large scale survivable 
>e developed and evaluated.  Position location and end-to-end security capabilitie 
ited into the network.  An airborne demonstration of the low cost multiple satelli 

d. S. 
networks will be 
will be integrat_- 
ronceot will be completed.  The results of the total system . ,. , 
Experiment will be evaluated and documented.  Distributed experiments in the Fort Bragg testbed 

es 
te 

demonstration for the Strategic C3 
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Program Element :_ita2iaa£_ 
USDRtE Mission Area:_&aü 

FY 1086 RDT4E DESCRIPTIVE SUMMARY 

Title:  Arivanr.ed CnmmanH rnntrol nnmmnn i nat i r>n T^rhnnlngy 

Title: neffin.»;« Rp.«;parnh Krionpog 

Budget Activity: _1 Tftr.hnnlngy Rag« 

involving low cost packet radios, tactical end-to-end security devices, and the distributed command 
and control applications will be completed and evaluated.  The MOSIS will continue to be used 
tosupport VLSI fabrication of designs submitted over computer networks.  The VLSI fast turnaround 
testbed will be automated to support management and control of a multi-use fabrication facility 

e .   Mi Ifist.nn««; 

Last Year's 
Rf-pnrt.ttH Plan 

Mid FY 1085 

Late FY 1084 

Late FY 1084 

Late FY 1085 

Mid FY 1086 

Mid FY 1085 

Current 
Plan 

Mid FY 1085 

Mi Iftstnnf» 

Integrate security devices into packet radio networks at Fort 
Bragg and SAC. 

Mid FY 1085 Demonstrate communication and database reconstitution. 

Mid FY 1085 Software available for large survivable network testing. 

Late FY 1085 Computer-aided fabrication demonstrated. 

Mid FY 1086 Initial Low-cost packet radio network delivered to testbeds. 

Mid FY 1088  Demonstrate low-cost multi-satellite communication in the 
laboratory. 

Late FY 1086 Demonstrate total system operation in Strategic C3 Experiment at 
Offutt Air Force Base. 

Late FY 1086 MOSIS supports compatible 3 micron and 1.2 micron CMOS 
fabrication. 

f 
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USDR&E Mission Area: Mfl 

FY   1986   RDT&E   DESCRIPTIVE   SUMMARY 

Title:    AHvanned rnmrnanH  nnntvnl   nnmmim i r Fit i nn  Tprhnnlngv 
Title:   n^fpntip  Rpspnrrh  IftilMMMI 

Budget Activity: _1 Tprhnnlngy Rnsft 

Late Years 

Mid FY 1986 

f. 

Current 
Plan  Mi lo-;t.nne 

Late FY 1986 Mil Spec quality control demonstrated. 

Late FY 1987 Automated foundry operation demonstrated. 

Late FY 1987 Airborne demonstration of Multiple Satellite concept. 

Mid FY 1988 Demonstrate large scale survivable network. 

l-nrm r.hanfP.S: 

Demonstration of capability for database reconstitution after a network partition slipped from late 
fTlSJ to Sd fY IMI due to delays in setting up a secure software development facility. 

The development and testing of the survivable network software was held up for six months while the 
hardware underwent more detailed testing than originally planned. 

The multiple satellite system prototype payload development w^ be delayed due to a decision to 
first apply the system concept to a network of Remotely Piloted Vehicles. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element: lli(>?.7l2K 
USDP&E Mission Ar^a:  SITJ 

TitlP:  Materials and Electronics Technology 
Budget Activity:  1.  Technology Base 

Project 
Number 

RESOURCES (PROJECT LISTING) 

Title 

($ in Thousands) 

MPT-1 

MPT-? 

TOTAL FOR PROGRAM ELEMENT 

Materials Processing 
Technology 

Electronics Processing 
Technology 

FY 1984 
Actual 

$24,634 

$18,339 

$ 6,295 

FY 1985 
Estimate 

$28,200 

$20,400 

S 7,800 

Total 
FY 1986     FY 1987   Additional     Estimated 
Estimate   Estimate  to Completion  Cost 

$33,000     $46,000   Continuing     N/A 

$27,000    $31,000  Continuing    N/A 

$ 6,000    $15,000  Continuing    N/A 

B.  BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED:  This program element develops novel materials, 
procesnes, structures and device technologies that will give new capability to future defense weapon 
systems.  Examples are: application of rapidly solidified superalloys and metal single crystal technology 
to enable higher temperature operation of gas turbine engine components; development of ceramic and 
carbon/carbon composites for high temperature engine applications; advanced fabrication methods for 
structural materials; metal-matrix composites for space structures; strong ceramic fibers from polymer 
precursors for spacecraft and engine components; demonstration of high energy, high power density battery 
concepts for military applications; development of high temperature bearing concepts for cruise missile 
engines; and intelligent task automation for increased productivity and/or reliability of Defense systems 
needed for certain mission functions.  In electronics, the emphasis is on the development of second 
generation gallium arsenide (GaAs) based solid state circuit technology for military applications; 
examples are:  bipolar and enhancement/depletion mode gate arrays, computer aided design (CAD) systems, 
advanced material growth, and analog to digital converters.  These efforts will provide significant 
performance advances for communications subsystems as well as extending the bandwidth of tactical 
Electronic Counter Measures (ECM) and Electronic Counter-Counter Measures (ECCM) subsystems. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  ♦62712E 
USDR&E Mission Area:  530 

Title:  Materials and Electronics Technology 
Budget Activity;  1.  Technology Base 

The FY 1986 increase of $2M is due to the initiation 
ng^evelopment'of'Trgh" temperature lubricants and bearings, ceramic and other 
te materials, and electromagnetic processing of materials.  Increases in these 
offset by a decrease in support of research on advanced engine materials.  A BW 
11 be the application of superlattice technologies, molecular beam epitaxy (MBE) 
al vapor deposition (MO-CVD), to high speed, complex digital, analog, and 
d circuits.  Core efforts also will be established for a range of additional 
atives including exploitation of advanced bulk crystal growth technology and 
ring process simulations.  These focused materials initiatives are envisioned to 
versity/industry/government development efforts which will provide the mater. Us 
ng technology required to implement new systems concepts of the 1990 s. 

C.   COMPARISON WITH FY 1985 DESCRIPTIVE SUMMARY: 
of a new program includi 
high temperature composi 
new efforts are somewhat 
initiative in FY 1987 wi 
and metal-organic _hemic 
optoelectronic integrate 
materials research initi 
computer based nunufactu 
be 5-8 year dura* ion uni 
preparation and jrocessi 

OTHER APPROPRIATION FUNDS:  None 

performance gains  Pro^r^r^ develop high performance ceramic materials for gas turbine engine 
component a?e be ng conducted by all services, NASA, and the Department of Energy; plans and Programs 
are reviewed by an Interagency Ceramics Coordinating Committee.  The Air Force is providing a share^of 
the funding for the Radial Wafer Blade Program. NASA and the Defense Nuclear Agency are joining DARPA in 
I coordinated program to exploit metal matrix composite technology for improved survivable space 
structures   The ceramics fVom polymers program is reviewed by an interagency steering committee 
^täblished by DARPA for that purpose.  Generally, the Services are sponsoring research related to unique 
narufacturing methods which are  different than those being pursued by DARPA, and duplication of effort is 
e 
ma 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  ♦62712E 
USDR&E Mission Area:  530 

Title:  Materials and Electronics Technology 
Budget Activity:  1.  Technology Base 

prevente 
Engineer 
under th 
Group wh 
related 
Laborato 
Research 
material 
DARPA ag 
Advisory 
First ge 
Initiati 

d by dire 
ing (OÜSD 
e aegis o 
ich is ho 
to, compl 
ries, the 
, and the 
s, device 
ents, joi 
Group on 

neration 
ve Organi 

ct coordination 
RE) , the Manu fa 
f the White Hou 
sted by the Nat 
emented by and 
National Burea 
Office of the 
concepts, and 

nt funding agre 
Electron Devic 

gallium arsenid 
zation (SDIO). 

through the Office of Under Secretary of Defense for Re 
cturing Technology Advisory Group (MTAG), COMAT which is 
se Office of Science and Technology Policy, and the Inte 
ional Science Foundation. The intelligent task automati 
coordinated with efforts by the Air Force Wright Aeronau 
u of Standards, Air Force Office of Scientific Research, 
Director of Army Research. In MPT-2, developments in el 
processing methods are coupled to the Services' programs 
ements, annual DoD-wide program reviews, and reviews wit 
es (AGED), to assure that no unnecessary duplication of 
e technology development is managed by DARPA for the Str 

search and 
a committee 

ragency Materials 
on program is 
tical 
Office of Naval 

ectronic 
through the 

h OUSDRE's 
effort occurs, 
ategic Defense 

F. WORK PERFORMED BY: In MPT-1, approximately 86 percent of the work is performed 
universities, and 6% in-house. The top industrial performers include: Pratt and Wh 
West Palm Beach, Florida; General Electric Company, Schenectady, New York; AVCO Spec 
Division, Lowell, Massachusetts; Special Metals Corporation, New Hartford, New York; 
Vaapenfabrikk, Oslo, Norway; Dow Corning Corporation, Midland, Michigan; United Tech 
Center, East Hartford, Connecticut; Dow Chemical Company, Walnut Creek, California; 
Honeywell, Rosedale, Minnesota; and Martin Marietta Aerospace, Denver, Colorado. Th 
include: Massachusetts Institute of Technology, Cambridge, Massachusetts; Universit 
Texas; Cornell University, Ithaca, New York; University of Michigan, Ann Arbor, Mich 
University, Palo Alto, California; and Carnegie Mellon University, Pittsburgh, Penns 
Research Laboratory, Washington, D.C. performs in-house research related to rapid so 
In MPT-2, approximately 90% of the work is performed by industry, 5% by universities 
The top industrial performers are: Rockwell International, Thousand Oaks, Californi 
Huntington Beach, California; and Texas Instruments, Dallas, Texas, 

G, PROJECTS UNDER $7 MILLION IN FY 19 86:  Not Applicable. 

by industry, 8% by 
itney Aircraft Group, 
iality Materials 
Konqsberg 
nologies Research 
Minneapolis 
e universities 
y of Texas, Austin, 
igan; Stanford 
ylvania.  The Naval 
lidification technology. 
, and 5% in-house. 
a; McDonnell-Douglas, 

Wljl»! 11 
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Project;  »MPT-1 
Program Element:  #62712E 
USDR&E Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Materials Processing Technology 
;lectronics Techn 

Title: 
Title: Materials 
Budget Activity: 

and El 
1. Technology Base 

nology 

H.  PROJECTS OVER $7 MILLION IN FY 1986: 

1.  Project Description: 
and processes fo 
development of a 
double electrode 
advanced composi 
processing of ce 
battery concepts 
intelligent task 
development of a 
materials under 

r use in high 
Hoys for a d 
remelt (VADE 

te materials 
ramie fibers 
; development 
automation f 
dual alloy r 
realistic gas 

The objec 
performan 

lual alloy 
R) superal 
such as me 
and whiske 
of materi 

or increas 
adial turb 
turbine c 

tive of this pro 
ce DoD applicati 
radial turbine c 
loys for advance 
tal matrix, cera 
rs; the feasibil 
al systems for h 
ed productivity 
ine (DARPA DART 
onditions. 

ject is to develop a variety of material systems 
ons.  The specific programs include:  the 
oncept; deformation processing of vacuum arc 
d turbine applications; the development of 
mic matrix and carbon carbon composites; the 
ity demonstration of high energy, high power 
igh temperature cruise missile bearings; 
and/or reliability of Defense systems, and the 
Demonstrator) for demonstration of advanced 

DARPA has pioneered ceramic and ^S^K.'^yJS^^Srin^.^^'SS^riSLSir*" 
because these materials promise engine ^^^^Y^^^^f ^f^ecific fuel consumption gained by 
dependence on costly and critical alloy ^f "1^' ^^J^toXvelop a coating system for carbon- 
operation at high temperatures.  An effort is bel^ ""^r™" "^ures in excess of 1927»C.  The 
carbon composites which will permit their "^/"^^^^^^"es through polymer processing is also 
technology for obtaining ceramic f^e".^^^™^f^^nt low temperature are converted into high 
being established.  In this approach, sl1 ^""P01^^™!^ these ^^^   fibers, the ceramic 
temperature, oxidation resistant ceramic «^"•J^i^r rSittMO« «£ fracture resistance materials 
composites being developed will offer high st^^, laser resistance ana components, 
for a wide range of ^plications including spacecraft structures and power  y  the'cri^ical parameters 

infrared windows and radar absorbing »*«^»*J: .„^f.ftg'JJiS!« f„ use in ceramic and metal matrix 
for scaling up the growth of single »»»•^l«"^" f ^JlT* JSJU in hiqh temperature cruise missile 
composites, and developing and demonstrating ^terial ^ems tor use i   ?   technology base for 
bearings.  The Intelligent Task automation Program is aimed at establishing ^f the vacuum 

frrdofbireSr^e^lt Ä^ro^VL^^urS^emelt process to produce ingots for large 
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FY 1986 RDTSE DESCRIPTIVE SUMMARY 

Project:  tMPT-1 
Program Element:  #62712E 
USDRiE Mission Area:  530 

Title:  Materials Processing Technology 
Title:  Materials and Electronics Technology 
Budget Activity:  ]. Technology Base 

turbine components, develop fundamental understanding of factors governing the deformation behavior of 
high strength superalloys, apply the concepts to fabrication of a full size turbine disk, and perform a 
preliminary mechanical property assessment. 

2.  Program Accomplishments and Future Programs: 

FY 1984 Accomplishments! In the ceramics from polymers program, the capability to spin 
iberr with mechanical properties equal to the Japanese fiber has been demonstrated.  An 

examination o.  arious ceramic matrix composite processing routes has led to several promising approaches 
for future work.  Another program to examine the scale up of single crystal silicon carbide whiskers has 
been equally successful.  Significant improvement in the understanding of the process has led to a 50% 
increase in reactor yield.  A large scale reactor has been designed for scale up of the whisker growth. 
In the effort to develop oxidation protection for carbon-carbon composites, four coating concepts were 
selected, each employing multiple layers to inhibit oxygen and carbon diffusion, while still maintaining 
overall mechanical integrity.  A dual alloy radial turbine (DART) rotor geometry with appropriate 
materials properties has been designed for the DARPA DART Demonstrator; a test rotor has confirmed the 
design. 

Deformation processing of VADER processed superalloy by a multi-step forging has been successfully scaled 
up to a mid-scale turbine component disk shape with stress rupture properties several times greater than 
those from the state-of-the-art powder processing route for the alloy.  In the intelligent task 
automation effort, robotic arm slew and touch was demonstrated for both stationary and moving targets in 
experiments which required position control, force control and end point sensing.  Grasping of hard and 
fragile objects with a dexterous 3-fingered hand was demonstrated via simple rolling-type manipulations 
requiring two of the fingers.  A six-degree of freedom force sensing finger was designed, built and 
calibrated for handling small parts needed in assembly.  A 3-dimensional optical sensor was developed 
with dual resolution ranges, one for parts inspection and the other for acquisition. 

b.   FY 1985 Program:  The thermal oxidative stability of the ceramic fibers made from polymer 
processing is being established.  Optimization of the scale up of the fibers continues including 

tmm 

mflß ,1. 
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Project:  «MPT-1 
Program Element:  #62712E 
USDP&E Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title-  Materials Processinc; Technology 
Stiel ^TTnFTT^TTgT^KIFi^f^^olo^ 
Budget fcellvnyi  '- Technology Base 
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for eventual coatings application. 

of thermal and fluid flow ^^J0^^6^^ turbine components, 
optimize deformation processing of full scale cur 

I \ 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  IMPT-l 
Program Element:  #62712E 

Title: 
Title: 

Materials Processing Technology 
Materials and Electronics Technolt 

USDRiE Mission Area; 530 Budget Activity:  1. Technology Base 
31 

FY 1986 Planned Program and B 
tion will continue in or process optimiza 

with a variety of chemical compositions 
high strength, fracture resistant cerami 
promising fibers and composites will be 
understanding of the important parameter 
of the scaled up reactor will be selocte 
capable of producing pound quantities of 
programs. Evaluation of carbon-carbon o 
on static and dynamic oxidation protect! 
coatings system. An optimum system will 
subelement turbine rotor for operational 

asis for FY 1986 Request: In the Ceramics from Polymers Program, 
der to demonstrate the capability for producing ceramic fibers 

In addition, several approaches for making high temperature, 
c composites will be established. Manufacturing routes to the 
transitioned to service man-tech programs. Based on continued 
s affecting the silicon carbide whisker process, the final design 
d and evaluated.  By the end of the program, the reactor will be 
whiskers which will be made available to other Government 
xidation protection systems will continue with data being taken 
on, erosion protection, and mechanical compatibility within the 
be selected for final development and application to a 
verification. 

A total of five dual alloy radial turbine (DART) rotors will be fabricated and tested in the Demonstrator 
and examine! for performance validation.  The first (of three) DARPA DART Demonstrators will be 
fabricated and functional tests performed to determine temperature and pressure profiles in the hot 
section. 

The programs to demonstrate the feasibility of high power, high energy density battery concepts will 
continue.  A new effort will also be started to examine other high payoff approaches. 

Processing of full-scale turbine components using the vacuum arc double electrode remelt process will be 
demonstrated and the mechanical properties of the components will be assessed. 

The high temperature bearings program will continue to develop the materials technologies for operation 
in a turbine engine,  A preliminary evaluation of concepts will be made.  Phase II of the joint DARPA/Air 
Force project in intelligent task automation will continue.  The composite robot effort will be extended 
to include the ammunition resupply module and the adaptive suspension vehicle program. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element 
USDRSE Mission Area: 

i62712E 
Title: 
Title: 

530 

Materials Processing Technology 
Materials and Electronics Technology 

Budget Activity:  1. Technology Base 

Proof-of-concept effort will be initiated for coordinating flexible arms with end point control. 
Evaluation will be made of the potential military applications for a mobile, multiple arm robot system. 

d.   Program to Completion:   This is an on-going program which will continue to assess 
DoD materials needs and to develop and demonstrate novel concepts to meet them.  Some specific efforts 
which will be completed and/or transitioned are described below. 

Selected ceramic fibers and ceramic matrix composites will be optimized and evaluated for applications of 
interest to DoD such as radar absorbing materials or space power structural components.  Interface with 
and transition to the Services and other DoD offices will be of primary consideration.  Final materials 
selections for high temperature bearings will be made and evaluated.  Successful bearing approaches will 
be incorporated into on-going high temperature engine programs. 

An optimal oxidation protection coating system will be applied to subelement carbon-carbon rotors for 
data development and performance verification under operational conditions.  The program will end in FY 
1987.  The DARPA DART Demonstrator program will conclude in FY 1987 with testing of the DART rotors 
within a functional demonstrator, which will be in operation at a designated U.S. contractor facility. 
Consideration will be given to component replacement by carbon-carbon parts, in a transition to a 
high-temperature (1927<>C) turbine stage. 

e.   Milestones: 

Last Year's 
Reported Plan 

Mid  FY 1984 

Current 
Plan 

Early FY 1985 

Milestones 

Spin ceramic fibers with physical properties 
equal to Japanese fiber and with superior 
oxidation resistance 

Wlfm/KKt 
,i 
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USDR&E Mission Area:  530 

FY 1986 PDT&E DESCRIPTIVE SUMMARY 

Title:  Materials Processing Technology 
Title:  Materials and Electronics Technolo 
Budget Activity:  1. Technology Base 

X^ 

Last Year's 
Reported Plan 

Late KY 1984 

Early FY 1985 

Mid FY 1985 

Current 
Plan 

Early FY 1985 

Early FY 1985 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Early FY 1986 

Milestones 

Feasibility demonstration of intelligent task 
automation subsystems for programmed assembly, 
and for inspection/verification 

Initiate Phase II of joint Intelligent Task 
Automation Program (prototype development of 
selected demonstration) 

Demonstrate feasibility of high performance 
ceramic matrix composites via polymer 
processing 

Pilot plant scale production of silicon 
carbide whiskers 

Delivery for final testing of DARPA Dual 
Alloy Radial Turbine (DART) Demonstrator 
rotors 

Preliminary selection of high temperature 
bearing concepts 

' 
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Project:      «MPT-1 
Proqram  Element:      ♦62712E 
USDR4E  Mission  Area:      530 

FY   1986   RDT&E  DESCRIPTIVE   SUMMARY 

Title: 
Title: 

Materials Proces 
Matprials and E 

ssing Technology 
lectronics Technolo 

Budget Activity:  1. Technology Base 
XL 

Last   Year's 
Reported   Plan 

Mid FY 1986 

Current 
Plan 

Early FY 1986 

Mid FY 1986 

Mid FY 1986 

Late FY 1986 

Late FY 1986 

Milestones 

Initiate work on mobile 
mult^ple-arm-robotic system 

Develop superior oxidation resistant coatings 
for carbon-carbon composites 

Apply .'lexible robot arm control scheme 
to ararunition resupply module 

Demonitration of high energy/power density 
battery concepts 

Selection of optimum 19270C coating for 
carbon-carbon oxidation protection 

f   Fxolanation of Milestone Changes:  Ceramic fiber spinning to properties equal to Japanese 

the mUe^one date listed last year was incorrect due to mixing up calendar year with fiscal year 

timeframes. 

,1. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Project:  MPT-2 
Program Element:  #62712E 
USDP&E Mission Area: 530 

Title:  Electronic Processing Technology 
Title:  Materials and Electronics Technology 
Budget Activity:  1.  Technology Base 

H.  PROJECTS OVER $7 MILLION IN FY 1986; 

1 
relev 
repre 
the S 
high 
elect 
compu 
one g 
suppo 

Project Description: Although 
ance to a wide range of Departmen 
sents the "second generation" tec 
trategic Defense Initiative Organ 
speed technology needs in electro 
ronics will be developed. These 
ter aided design (CAD) systems, a 
igahertz sampling rate. Process 
rt to the integrated circuit desi 

this project is under S7M the project is being written due to its 
t of Defense's gallium arsenide (GaAs) programs.  This essentially 
hnology base for the major GaAs program being managed by DARPA for 
ization (SDIO).  Furthermore, it provides long range support to 
nie warfare (EW).  Second generation, GaAs based solid state 
efforts include bipolar and enhancement/depletion mode gate arrays, 
nd analog to digital converters capable of 8 bit resolution at a 
and device modelling programs will be expanded to provide increased 
gn and fabrication programs. 

2.  Program Accomplishments and Future Programs: 

lementary junction field effect transistor (CJFET) memory 
the increased noise margin (rosistanc- 

thirty-nine percent yield on a wafer for 256 bit memories and memory 

a   FY 1984 Accomplishments:  The complen._. 
cell eoatlnttiTTÖ provide impressive performance t 
memory errors) of this design: 
retention aUer being subjected to a 10 to the power 11 rads per second, 20 nanosecond long onizing 
radiation pulse.  Two 1000 gate arrays, one utilizing metal semiconductor field effect transistor 
^MESFFTrtechnology and the other utilizing heterojunction current injection logic technology, were 
successfuUy fabricated, and advanced on-board signal processor (AOSP) parts implemented on these gate 
arrays are under evaluation.  A robust two-dimensional device model for GaAs was released. 

Utility of focused-laser photochemiatry was successfully demonstrated by implementing both etching and 

deposition of conductors on a gate-array to produce a functional int?c'ratedK
cl^cultJ1^ ," „3 'r 

demonstration represents a significant step in applying beam processing technology to custom IC 

fabrication. 

4 
...<W—,nfc.-*—■#> **.*** 
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Project:  MPT-2 
Proqram Element:  ♦62712E 
USDR&E Mission Area:  530 

Title:  Electronic Processing Technology 
Title:  Materials and Electronics Technology 
Budget Activity:  1.  Technology Base 

b  FY 1985 P-oqram:  Gallium arsenide (GaAs) component development will begin to target DoD s 
requirements for high speeH components, for example, radar frequency memories for electronic warfare 
(FS)  in addition to the previously emphasised needs for radiation hardness and low power.  m the 
(hw», in aaai -on^o T-U^H  _I<: J._^, faKr.H ^„^ ^nn t-^hniaues for both conventional GaAs technologi 
pu 
an 
sources for ion-beam p 
and expanding the theory of ion interactions with materials 

c   FY 1986 Planned Program and Basis for FY 1986 Request:   Four thousand gate arrays will be 
implemented in both the heterojunction bipolar technology anA  the enhancement/depletion (E/D) 
echno!ogIes  Circuits that utilize at least eighty percont of the gate array will be automatic« ly 
routed by the computer aided design (CAD) under development.  Since second qeneration GaAs technologies 
require improved material, new materials growth technologies such as indium alloying and "electrodynamic 
gradient" horizonal Bridgeman growth will be pursued. 

Device development efforts for a second generation, high speed GaAs device technology will  continue. 
Process modeling, with the end goal of producing a GaAs version of the Stanford Un^ersity Process 
Emulation Model (SUPREM), will be ready to begin comparisons with experimental results.  Basic materials 
fndorocessing improvements that are derived in the 61101E program element will be evaluated with respect 
to improving heterojunction devices.  The capability to use focused beams of electrons, photons, and ions 
to locally modify integrated circuits will be demonstrated. 

information 
emphasized ra 
warfare.  Pa 
emphasized. 
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Project:  MPT-2 
Program Element:  ♦62712K 
USDR&E Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Titl?:  Electronic Processing Technology 
Title:  MaterTäTs and Electronics Technology 
Budget Activity:  1 .  Technology Bfise 

The developments of molecular beam epitaxy (MBE) and meta 
systems have opened up a totally novel concept for semico 
Artificially created superlattices can, in principle, be 
Essentially a multi-dimensional materials space has been 
possibilities that has to be intelligently investigated t 
that will significantly improve the capabilities of futur 
efforts in the development of superlattices have revealed 
experimental techniques.  The program will combine thecn 
define desirable directions and resolve present uncertain 
stages will bring in device physicists to design superlat 
filters, amplifiers and multi-component chips.  On-going 
opto-electronic processing capability whereas electronics 
high speed transfer of multiplexed data.  This program wi 
incorporate this emerging capability into subsystems whic 
bandwidth, Electro-Magnetic Pulse (EMP) immunity, and the 

1-organic chemical vapo 
nductor technologies-ma 
tailored to yield pre-d 
opened up with near inf 
o uncover the probably 
e electronic and optica 
a lack in both theoret 

sts with established ex 
ties in predictive capa 
tice lasers, detectors, 
research programs are d 
handles the switching 

11 develop the packagin 
h can benefit from the 
ease of fanout offered 

r deposition (MO-CVD) 
terials engineering, 
etermined bandstructures. 
inite combinational 
limited, singularities 
1 devices.  Initial 
ical understanding and 
perimental groups to 
bilities.  The latter 
waveguides, non-linear 
eveloping an 
and optics handles the 
g technology necessary to 
noise immunity, wide 
by the optoelectronics. 

e   Milestones:   The milestones reported in last year's FY 1985 Descriptive Summary have been 
completed or 5re expected to be completed on schedule except as noted below: 

Last Year's 
Reported Plan 

Mid FY 1984 

Current 
Plan 

Early FY 1985 

Milestones 

Demonstration of a fully monolithic 8-12 gigahertz 
3 watt gallium arsenide (GaAs) power amplifier with 
18 db of gain. 
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Project:  MPT-2 
Program Element: I62112E 
USDRSE Mission Areal  530 

FY 19R6 RDTiE DESCRIPTIVE SUMMARY 

Title: Electronic Processing Technology 
Tltle: Materials and Electronics Techno 
Budget Activity:  T7 Technology Base  i°2Z 

Last Year's 
Reported Plan 

Mid FY 1985 

Mid FY 1986 

End FY 1986 

Current 
Plan 

Mid FY 1985 

Mid FY 1986 

End FY 1986 

Milestones 

Reduction of defect density in molecular beam 
epitaxy of gallium aluminum arsenide (GaAlAs) 
to less than 100/cm . 

A 4 kilobit complementary Junction Field Effect 
Transistor (JFET) gallium arsenide (GaAs) random 
access memory with .2 microwatt power dissipation 
per bit will be demonstrated. 

GaAs analog to digital (A/D) converter with 
gigahertz sampling rate will be fabricated. 

Explanation of Milestone Changes:  The demonstration of a fully monolithic 3 watt  8-1? 
^.OV.:i  Ü!?!1« Vith i8 Ah  ^ »•i» i* now scheduled for early FY 1985 rather t^nmd FY 

gigahertz GaA 

1984.  The delay was caused by late conu^nt^f K^^T^^ino^LS^J,'^.^ 

$ 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  ♦62714E 
USDR&E Mission Area:  530 

Title:  Nuclear Monitoring 
Budget Activity:  1. Technology Base 

A, RESOURCES  ($ in Thousands) 

Project 
Number  Title 

FY 198 4 
Actual 

FY 1985 
Estimate 

TOTAL FOR PROGRAM ELEMENT   $]4,447   $18,50? 

FY 1986 
Estimate 

$19,400 

Total 
FY 1987    Additional   Estimated 
Estimate  to Completion  Costs 

$20,300 Continuing N/A 

B.   BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED:  The Nuclear Monitoring program conducts research and 
development to enhance U.S. capabilities for monitoring nuclear explosion events.  The program also 
provides technical information needed for developing sound national policy for negotiations on treaties 
limiting nuclear testing and provides technical support for U.S. participation in treaty-ralated 
international activities.  Negotiations for a comprehensive test-ban treaty (CTBT) created the need for 
detailed technical information concerning monitoring stations internal to the USSR, high freguency 
propagation, and on-site inspection procedures. In the event that a CTBT were to be negotiated U.S. 
security would require the highest possible level of monitoring capability to verify that the Soviets were 
complying with the provisions of such a treaty and not conducting clandestine tests under conditions 
designed to evade detection.  Thus research is required to follow and extend the state of the monitoring 
art.  The need for the nuclear monitoring proaram is further exemplified by the unexpected initiation of 
negotiations for an explosion yield threshold treaty in 1974, requiring the development (in a period of 
less than a year) of special monitoring provisions for the Peaceful Nuclear Explosion Treaty (PNET).  The 
possibility of Soviet violations of the Threshold Test Ban Treaty yield limit has clearly brought to the 
forefront the need for improved monitoring of this treaty.  At present, special technical statistical and 
on-site measurement efforts are required to provide policymakers with technical options for improving the 
verification of the explosion yield threshold treaty through unilateral efforts and those which might 
require additional negotiation with the Soviets. The program continues to support the technical activities 

mammmmmmmmmmmmm 
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FY 1986 RDT&K DESCRIPTIVE SUMMARY 

Proqram Element:  t627]4E 
USDR&E Mission Areai 530 

Title:  Nuclear Monitoring 
Budget Activity:  1. Technology Base 

of the United Nations Conference on Disarmament.  Other research efforts in this program are aimed at 
developing the sensors aid advanced technology needed to detect the presence of nuclear materials at 
remote distances. 

The FY 1986 
effort with 
the feasibi 
internation 
advanced in 
character o 
studies and 
under provi 
methods to 
option for 
techniques 
characteriz 

Nuclear 
the Depa 

lity of i 
al cooper 
ternation 
f earthqu 
improvin 

sions of 
improve t 
improved 
to remote 
ation of 

Monitoring prog 
rtment of Energ 
nstalling such 
ative measures 
al seismic data 
ake and explosi 
g the capabilit 
a future compre 
he accuracy of 
yield verificat 
ly detect the p 
detected nuclea 

ram will continue 
y, to design and t 
systems for verify 
for verifying futu 
center; fundament 

on sources with pa 
ies to use seismic 
hensive or reduced 
yield estimation; 
ion; and, the expl 
resence of nuclear 
r materials. 

the following programs:  initiation 
est ar advanced seismic array in No 
ing future test ban treaties; techn 
re test ban treaties; development a 
al seismological and geophysical re 
rticular emphasis on high frequency 
stations which may be installed in 
threshold test ban treaty; testing 

development of means for on-site me 
oration of sensing technology and d 
materials and to provide nuclear d 

of a cooperative 
rway to establish 
ical support of 
nd testing of an 
search into the 
seismological 
the Soviet Union 
of advanced 
asurements as an 
iagnostic 
iagnostic 

C. COMPARISON WITH FY 1985 DESCRIPTIVE SUMMARY;  In FY 1986. the total funds for the Nuclear Monitoring 
progranT'SVM less than the amount reported in tne FY 1985 Descriptive Summary.  This reduction is due to 
revised plans for large scale demonstration of advanced seismic monitoring equipment and a reduction of 
research efforts in on-site inspection technology.  Emphasis has been placed on expanding development of 
new, sophisticated, physically-sound methods to use stations interne! to the USSR to discriminate 
earthquake from underground nuclear explosions, and to estimate the yield of underground nuclear 
explosions.  Emphasis is also on the exploration of potentially promising non-seismic monitoring 
techniques. 

D. OTHER APPROPRIATION FUNDS:  Not Applicable. 
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FY 1986 PDT&K DDSCRIPTIVE SUMMARY 

Program Element:  ♦62714E 
USDRfcE Mission Area; 530 

Title:  Nuclear Monitoring 
Budget Activity:  1. Technology Base 

F   RELATED ACTIVITIES:  Complementary research is conducted by the National Laboratories of the 
apartment of Energy and by the  Air Force Technical Applications Center.  These complementary efforts are 
coordinated through existing interagency agreements and periodic working level coordination meetings. 

F.  WORK PERFORMED BY 
percent by industrial! 
contractors include: C 
Cambridge, Massachuset 
Massachusetts Institut 
Maryland.  Industrial 
Sierra Geophysics Inc. 
Pasadena, California; 
Inc., McLean, Virginia 
Research Corporation, 
Participating in-house 
NSTL, Mississippi; the 
Livermore, California; 

Eight percent of the work under this task is performed by universi 
contractors, and twelve percent bv in-house laboratories.  Major uni 
alifornia Institute of Technology, Pasadena, California; Harvard Urn 
ts; Columbia University, New York; University of Florida, Gainesvill 
e of Technology, Cambridge, Massachusetts, and University of Marylan 
contractors include Teledyne Geotech, Garland, Texas and Alexandria, 
, Seattle, Washington; S-Cubed, La Jolla, California; Woodward-Clyde 
Lockheed Palo Alto Research Laboratory, Palo Alto, California; Seien 
• Atom Sciences, Oak Ridge, Tennessee; TRW, Redondo Beach, Caliform 
Santa Barbara, California; and Pacific Sierra Research, Los Angeles, 
Government laboratories include the Naval Ocean Research and Develo 
U.S. Geological Survey, Golden, Colorado; Lawrence Livermore Nation 
and Sandia National Laboratories, Albuquerque, New Mexico. 

ties, eighty 
versity 
versity, 
e, Florida; 
id, College Park, 
Virginia; 
Associates, 

ce Applications, 
a; Mission 
California, 
pment Activity, 
al Laboratory, 

G.  PROJECTS LESS THAN $7 MILLION IN FY 1986:  Not Applicable. 

H.  PROJECTS OVER $7 MILLION IN FY 1986; 

1   Proiect Description:   The program objective is to improve the U.S. capability in yield 
estiLtionTf the nuclLr tests of other nations, to improve the detection, location, and discrimination 
of earthquakes and explosions, and to improve the U.S. capability to detect and analyze nuclear 
materials. The seismic aspects of the program are in support of Defense Department policy that 
ver!f cat on of nuclear test ban agreements be adequately verifiable and to P^«« «» J"*«"*^ 
research and development which is required to improve the operational ^u^^,?^1

t" J^f tf
Vlet 

nuclear tests and to estimate their yields. The project also provides the technical support to 
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FV 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  162 714E 
USDR&E Mission Area:  530 

Title:  Nuclear Monitoring 
Budget Activity;  1. Technology Base 

international cooperative proiects in which the U.S. is involved, such as those sponsored by the 
Conference on Disarmament. 

2.  Program Accomplishments and Future Programs; 

,     *• FY  1984 Accomplishment^  Yield Estimation.  Laboratory experiments and finite difference 
calculations improved our ability to predict coupling of underground nuclear tests and to allow for 
tUtl       05.cra^'-ing and of detonation under mountains.  Improvements were made in the estimation of the 
contamination by tectonic strain release of long-period signals from underground explosions.  These 
ZJZ  t   lmp^vf US caVtblllty  t0 estimate Soviet Yields.  A thorough statistical study was completed 
SSS^TS^ '0gfher the best bailable data and yield estimation procedures and developed a generally 
accepted method of answering guestions of Threshold Test Ban Treaty compliance. 

Data Acquisition.  A high-frequency seismic array was installed in Norway in a joint effort with the 
Department of Energy and the government of Norway.  The resulting data will greatly aid yield estimati 
and event detection and discrimination and will provide much needed data for additional research in th 
areas. 

on 
these 

Discrimination of Earthquakes from Explosions.  Several promising new teleseismic discrimination 
techniques which work on small magnitude events have been applisd to events which could not be otherwise 
of^f^f; H   

excellent results  Theoretical and empirical studies continued on the difficult problem 
of regional discrimination.  A study was made of the ability of broad-band stations to counter the 
nide-in earthquake evasion technique. 

Support of International Negotiations.  Preparations were completed for support of a FY 1985 large scale 
seismic detection experiment conducted under the auspices of the United Nations, Conference on 
Disarmament, Group of Scientific Experts. 

". ' '" ■— l" — 

— 

-I 



I i ■c 
J ^-. 

i 

1 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  #62714E 
USDR&E Mission Area:  ^30 

Title:  Nuclear Monitoring 
Budget Activity:  j_. Technology Base 

Nuclear Materials Detection.  Research continued on development of new technologies for the detection and 

identification of nuclear tests. 

underway for an underground test at the ^f ^est Site ^ a rock very simi    ^ ^ ^^.^  obser. 

Test Site.  Finite difference calculations of ""J*»*»« •,tP"!"2SlMn.ional finite difference calcu- 
vations of Soviet tests for yield estimation.  Ext«ns^"f°.f/s

WofvTeld?orsho?s under mountains, 
lations to three dimensions are giving more accurate estimates of yield 

cal data on cavity decoupling is underway. 

Support of international Negotiations.. This ^^ ha. ■^^^.«^ffO^/L^r^SS^Sgie1'^ 
scale tost of an international ^^^.f^g^gJ^^t^lS. a solid basis for measuring the 
SS'^Sa'ÄSui^^'S9^-^ Jrovlfe'aJ^t^resources Quired to set-up such a system. 
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FY 1986 RDT&E DKSCRIPTIVE SUMMARY 

Program Element:  »62714E 
USDR&E Mission Area:  530 

Title:  Nuclear Monitoring 
Budget Activity;  "l". Technology Base 

Nuclear Materials Detection.  A new initiative has begun on a detector with application to nuclear 
materials. Preliminary evaluation of different approaches to detection is also underway. 

c.  FY 1986 Planned Program and Basis for FY 1986 Request: 
suits of a DARPA initiated underground nuclear test at the N( 

In yield estimation we will evaluate 
the results of a DARPA initiated underground nuclear test at the Nevada Test Site in rock similar to that 
at the Soviet Test Site.  This should lead to better estimates of the bias between Soviet and U.S. 
seismic magnitudes for events of the same yield.  Supporting laboratory and finite difference 
calculations will deepen our understanding of these results making them more suitable for government 
decision making with respect to possible Soviet violations of the Threshold Test Ban Treaty. 
Installation will begin of a magnitude estimation system, based on DARPA research, by the Air Force which 
will give yield estimates directly from recorded waveforms.  Discrimination will be enhanced by 
installation of an interactive graphics system which will implement short-period focal plane and first 
motion analysis, as developed by DARPA researchers, which can be used as a discriminant at the lowest 
magnitudes.  For the smallest, shallow, perhaps decoupled, explosions only regional phases can be used as 
discriminants.  Thus laboratory, theoretical, and empirical studies of regional discrimination will 
continue; as will studies on improved methods of decoupling.  Data from Norway will be fully available 
and intensive analysis of this data should yield important discoveries in yield estimation, detection of 
very small events, and regional propagation, possibly even within the Soviet Union and especially at high 
frequencies where decoupling is inefficient.  These insights will lead to the deployment of instruments 
at new sites selected to gather crucial detection or propagation information.  Experiments will be 
performed to test further the evasion concept of hide-in-earthquake.  DARPA will continue to support 
additional treaty-related studies as required by international negotiations. 
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FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Program Element:  #62714E 
USDR&E Mission Area:  530 Title:  Nuclear Monitoring 

Budget Activity:  1. Technology Base 

Wific.tdion^ig: fcaiartäi Ä'^ss'^rssSrS^^sf/^'s ^^ i** ******* t*' 
requirements in future years will be driven by negotiation ont on«    i^ treaty-  The 8eism^ research 
that these programs in yield estimation  and L reaionl'}^       !    Y aPPear-  We "»ay anticipate 
support policy initiatives in th s area'  Because nf^hi ^^^^^  ^Ü  ^  conducted at a level to 
continuing since discrimination of weak'signal "from decnfnTT' 0f eVaSi0n the pr^ram  is ^cally 
would call upon the most advanced t^;{fflJ\2;iJSS!'1lir5j;U2'e:yj!;tK.r

ffleMl diStanCeS 

on sc^lL.^^-   ^ FY 19fi4 "^«stones reported in last year-s Descriptive Summary were completed 

Last Year's 
Reported Plan 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Current 
Plan 

Mid FY 1985 

Late FY 1985 

Late FY 1985 

Milestones 

Complete development of counter-evasion 
methods for complex evasion techniques. 

Complete evaluation of small-scale 
chemical explosions source theory. 

Complete U.S. participation in Conference 
on Disarmament technical data exchange experiments. 
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FY 1986 RDT5.E DESCRIPTIVE SUMMARY 

Program Element:  #62714E 
USDR&E Mission Area; 530 

Title:  Nuclear Monitoring 
Budqet Activity:  IT Technology Base 

Last Year's 
Reported Plan 

Late FY igSS 

Current 
Plan 

Late FY 1985 

Late FY 1985 

Late FY 1985 

Mid FY 1986 

Late FY 1986 

Late FY 1986 

Late FY 1986 

Milestones 

Test of Advanced Gamma-Ray Detector. 

Test of high energy x-ray imaging 
methods. 

Demonstration of analysis of air samples for the 
measurement of the ratios of the isotopes. 

Completion of construction of an advanced gamma ray 
radiation detector. 

Statistical magnitude: advanced yield determination 
system completed and transferred to the Air Force. 

Development of improved magnitude yield and dis- 
crimination regional parameters from theoretical 
calculations. 

Demonstration of low-energy neutrino detection. 

f.  Explanation of Milestone Changes:  There are no changes from last year's milestones. 

I f ■•«■■■■»•» fW—«MIMlii in , 
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Program Element:  i63226E 
USDRiE Mission Areal  53Ö 

A-  «"«»CM \™\Vn Mmm ■ U in Thousands) 

FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Tltle:  Experimental Evaluation of MA-i^,. T 
Budget Act^-T^^ä^i^^ 

Project 
Number Title 

TOTAL FOR PROGRAM ELEMENT 

EE-2  TEAL RUBY Experiment 

EE-3  Helicopter Technology 
Demonstration 

EE-7  Space Acquisition, Tracking 
and Pointing Experiment - 
TALON GOLD 

EE-8  High Power Chemical Laser 
Ground-Based Demonstration - 
ALPHA 

EE-9  x-29 Advanced Technology 
Demonstrator 

EE-12 Large Optics Demonstration 
Experiment - LODE 

EE-16 Long Range Aircraft Interceptor 
Experiment 

EE-17 Detection of Aircraft (HI-CAMP) 

FY ]984 FY 1985 FY 1986 
*£tliaj_ Estimate Estimate 

281'456* 193,505* 175,249* 

32,220 31,000 25,000 

21,700 

57,937 

36,944 

■LifüZ       k  ^ditional       Estimated 
g-stlmate     to Completion       Costs 
201'542*       Continuing 

10,000 s,000 

19,900 

a/ 

a/ 

21,400 

1/ 

5/ 

13,260 

y 

a/ 

0 

a/ 

TBD 

238,579 

96,722 

a/ 

a/ 

19,000 14 ,000 5,000 0 0 118,508 

22,979 i/ i/ §/ §/ 

0 0 8,000 20 ,000 100,000 128,000 

0 0 4,010 3 100 5,000 12,110 
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Program Flement:  #b3226E 
USDRSiE Mission Area:  530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title:  Experimental Evaluation of Major Innovative Technologies 
Budget Activity:  2.  Advanced Technology Development 

Project 
Number 

EE-18 

EE-19 

Title 

Advanced Undersea Vehicle 

Advanced Cruise Missile 
Technology 

Total 
FY 1984  FY 1985  FY 1986  FY 1987    Additional  Estimated 
Actual   Estimate Estimate Estimate  to Completion   Costs 

16,600 

7,000 

20,000 

20,000 

20,000 

25,000 

56,000 

52,000 

*  Total includes classified projects not identified herein, 

a/ The TRIAD Projects, EE-07, EE-08 and EE-12, are continuing in FY 1985 and the outyears as a part of the 
President's initiative in Strategic Defense and resources are being requested in Pmqram Element #63221C, 
Directed Energy Weapons. 

B.   BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: 

TEAL RUBY Experiment,  (TIARA) This is a space experiment to demons-, träte infrared detection of strategic 
aircraft from a space platform, measure target and clutter background signatures from space, and 
demonstrate advanced infrared mosaic detector technology.  Expansion of the basic sensor missions is being 
investigated to include collecting signature measurements on other critical targets such as spacecraft, 
key tactical targets, ships and strategic missile plumes.  The sensor and the associated USAF spacecraft 
are being built. 

Helicopter Technology Demonstration (formerly X-Wing/RSRA) :  This program is a major innovation in 
Vertical Takeoff and Landing aircraft design which, by stopping the rotor in flight, combines the vertical 
lift efficiency of a helicopter with the speed, raage, and altitude performance of a transonic fixed wing 
aircraft.  Design analysis indicates an operational X-Wing vehicle would have approximately three times 
the speed, range, and altitude performance of a conventional helicopter with equivalent payload lifting 
capability.  These characteristics enable a very broad operational applicability such as:  more flexible 
sea-basing for the Navy for conducting long range anti-submarine warfare; over-the-horizon targeting of 

f 
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Program Element:  ♦6 3226E 
USDRiK Mission Area; 530 

FY 1986 RDT&E DESCRIPTIVE SUMMARY 

Title:  Experimental Evaluation of Major Innovative Technologies 
Budget Activity:  2.  Advanced Technology Development 

surface and air targets; tactical jairaning; close air support; and intra-theater self-deployment 
capability.  Development and integration into a flight test vehicle of a high power transmission that will 
enable a significant increase in helicopter heavy lift capability is included in this project. 

X-29 Advanced Technology Demonstrator:  The X-29 Advanced Technology Demonstrator program is designed to 
develop and demonstrate advanced aerodynamics, structures and flight control technologies.  This aircraft, 
made possible with advanced composite structure and a digital fly-by-wire flight control system, will be 
flight tested to investigate and quantify the technical benefits and performance capabilities of such an 
integrated advanced technology vehicle.  Flight test will develop confidence in numerous 

Long Range Ai 
for a non-nur 
(1) very shor 
defense avoid 
ground launch 
potential for 
and large kin 
search), and 
as unforeseen 

rcraft Interceptor Experi 
lear weapon that has potc 
t travel time for rapid f 
nee (or electronic count 
options),  (4) difficult 
covert use, particularly 

ematic footprint,  (7) mu 
(8) mir.sion flexible and 
crisis situations arise. 

ment:  The focus of this program is on the development of technology 
ntial for a dramatic advancement in anti-war warfare and features: 
orce projection,  (2) very large attack footprint which limits 
ermeasures), (3) high mobility and flexible basing (air, ship or 
detection by the enemy that attack is under way,  (5) high 
against an unsophisticated opponent,  (6) large Radar homing sensor 
Itiple operating modes (home-on-jam, anti-radiation-homing, active 
adaptable as a fast reaction "gap filler" as new threats emerge or 

Detection of Aircraft (HI 
(IR) signatures of:  (1) 
submarine launched ballis 
backgrounds against which 
This project will provide 
guide the development of 
Program) II effort was in 
measurements aboard a U-2 
RUBY Experiment (Project 
new, improved version of 
was developed to include: 

-CAMP):  (TIARA) Detection of Aircraft includes the determinati 
strategic aircraft (primary target) and cruise missiles; (2) in 
tic missiles; (3) ground and sea targets; and (4) the natural a 
these targets are observed from a spaceborne or airborne IR su 
the data base for the design of advanced space surveillance sy 

the technology base.  The HI-CAMP (Highly Calibrated Airborne M 
itiated in FY 1981 to provide the above IR signatures through a 
aircraft and to support the mission planning and flight operat 

EE-Ü2) .  HI-CAMP II includes the development, fabrication and f 
the highly successful HI-CAMP I infrared sensor system.  The HI 

(1) a stabilized sensor platform (improved by a factor of ten 

on of the Infrared 
tercontinental and 
nd perturbed 
rveillance sensor, 
stems and will 
easurements 
irborne 
ions of the TEAL 
light test of a 
-CAMP II sensor 
), (2)  a new 



-_> 

B  i 

1 

i 

KY   1986   RÜT&E  DESCRIPVIVE   SUMMARY 

.        „,„„ Title:     Experimental  Evaluation  ot  Major   Innovative  Technologies 
SsDpirMxssTon  Are^M Budget Activity:      2.     Advanced  Technoloa^.DeveloHnent 

hybrld  silicon  detector/multiplexor  chips   (one   for  short and ^ 

SSalfS^tr'   üi SJSS  SSK^Ä üiJtn^SÄSrS  SS* pa/h observations. 
Advanced Undersea Vehicle:     The objective  of  this program  is  to develop and demonstrate  advances   in 
techno]nay  required  for  autonomous undersea vehicles. 

Advanced Cruise Missile Technology:      (TIARA,   H^SlS'SSrSS  S^S.StS'^SluS'^'liS.uS. 
future  generations  of  these weapons  possess  substantially   W^.^"*"^'*^;^,,  and vehicle and 

feasibility  demonstration of  an   integrated vehicle. 

reduction. 

D. OTHER APPROPRIATION FUMDS;  Not applicable. 

E. RELATED  ACTIVITIES: 

TEA,.  „»BY  Bp.ttt.t.      in»»!   The  TEAL  nVBV   &^*'****,*l'Zi%!Li  K^U^U,   N.vy 

ä;^?s;^e'sr«™0"i=s"nA?r^Lt^^rB^s's^srlt„^"s^y'^ss,t^ s sp„? ä L«. 
programs. 

. 
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Program Elemrnt:  #63226E 
USDR&E Mir.Rion Area:  530 

FY 1986 RDTiE DESCRII'TIVE SUMMARY 

2:  F.xpprimental Evaluation of Major Innovative Technologies 
;t Activity:  2.  Advanced Technology Development 

Title; 
Budget 

,    r, «*_.•-—.  The Hpiirnnter Technoloqy Demonstrator development is a derivative of 
2irculK!onTCo trirL rS ^erforied K'th^D^irfaylor^aval Ship Research and Development Center 
^^«o utilizes Army research into stopped rotor dynamics and control work.  A Joint DARPA/NASA 

programs. 

y S« Advanced Technology Demonstrator:  A DAFPA/Air Force Memorandum of Agreement has been signed for the 

S S: Sumegro..,:n - f^e: c^d SSSUfiS and their im^rtlcfto the Services  ^r^^^^^L 
nroarL" and especially the Advanced Tactical Fighter.  The X-29 program exploits and extends research in 
^he'use of advanced iomPos!te materials, compute? aided design, advanced a"^™- and structural 
.ne use ei       mo,.hr^c and diaita] fliaht control design techniques previously conducted by the Air 
SSiT £iv SÄ and iSdüs?ry  A DA^PA NASA Memorandum of Agreement has been signed for NASA Ames, 
Dryd^ Sht'Rese^ch FaciU^ to conduct the flight test phase of the X-29 program  A^o NASA Langley 
uryueii r^y   t,,.^,,„.,,_,i ^vnamic testinu and hiqh angle of attack and spin wind tunnel testing to 
^ermine0 he ^e odjn ^c'^ffici^tHnd^stabllity'derivatives to use'in Air ^fHiofS.^r*"0*01 
^ronrri simulations of the planned flight vehicles.  In order to more rapidly transition the X-29 
techrolooTesDAIa'A has formed the X-29 Future Applications Committee composed of potential corporate 
and goiernme^t us^rs to receive real-time results from the program so that results and lessons learned can 
be factored into other programs. 

iiSSil  cSS: A joint technology dLonstr.tor flight w.t 1. being conducted with th. s.ndin National 

Laboratory. 

»      »•»• 



Program  Element:      #63226E 
I'SDP&E Mission  Area; 130 

FY 1986 RDTJ.E DESCRIPTIVE SUMMAFo 

Title:  Experimental Evaluation of Major Innovative Technologies 
Budget Activity:  2.  Advanced Technology Development 

Detection of Aircraft (HI-CAMP):  (TIARA) These efforts are directly related to other programs under the 
cognizance of the Under Secretary of Defense for Research and Engineering as well as those of the 
following service units:  Air Force:  Directorates of Space Systems and Command, Control, Communications; 
Aeronautical Systems Division; Rome Air Development Center; Space Division; Rocket Propulsion Laboratory; 
and Geophysics and Avionics Laboratories; Army:  Missile Research and Development Command and Harry 
Diamond Laboratories. 

Advanced Cruise Missile:  (TIARA) The Advanced Cruise Missile Program is directly related to programs 
managed by the Joint Cruise Missile project office and the Air Force Aeronautical Systems Division, Deputy 
for Systems and Deputy for Development planning (the DARPA agent).  The engine developments are related to 
small engine research at the Air Force Aeropropulsion Laboratory (one of the DARPA agents), the Army Tank 
and Automotive Command and the Naval Air Propulsion Center (one of the DARPA agents). 

WORK PERFORMED BY: 

TEAL RUBY Experime 
laboratories (15%) 
Beach, California, 
Pedro, California; 
Arlington, Virgini 
is provided by the 
Space Division, Lo 
Center, San Diego, 
Hanscom Field, Mas 
Facility at Sunnyv 

nt:  (TIARA) The TEAL RUBY effort is 
, and by a Federal Contract Research 
is the prime contractor on the TEAL 
Magnavox, Torrance, California; MRJ, 

a; and thfi E' vironmental Institute of 
Aerospace r irporation. El Segundo, C 

s Angeles, California, with support i 
California. Target support is provi 
sachusetts and operational support wi 
ale, California. 

performed by industry (76%) , government in-house 
Center (FCRC) (9%).  Rockwell International, Seal 
RUBY sensor; support contractors are:  Logicon, San 
Fairfax, Virginia; Riverside Research Institute, 
Michigan, Ann Arbor, Michigan.  The FCRC support 
alifornia.  The program is managed by the Air Force 
n Naval areas of interest by the Naval Ocean System 
ded by the Air Force Geophysics Laboratory (AFGL), 
11 be provided by the Air Force Satellite Control 

Helicopter Technology Demonstrator:  About 90% of the X-Wing program is being performed by industry.  The 
prime contractors are Sikorsky Aircraft Company, Stratford, Conneticut and Boeing Aircraft Company, 
Seattle, Washington.  10% of the work is being conducted by the David Taylor Naval Ship Research and 
Development Center, Carderock, Maryland and the Army Aviation Research and Development Command, Ft. 
Eustis, Virginia.  NASA Ames Research Center is supporting the program through wind tunnel testing and 
flight research. 
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Program Element:  i63226E 
USDR&E Mission Area:  530 

FY 1986 RDTiE DESCRIPTIVE SUMMARY 

TJti =  Experimental Evaluation of Major Innovative Technoloqies 
Budget Activity:  2.  Advanced Technology DevelS^^t  

Edwards AFB, California.  The Nav^ ha« supposed the loqisfics and tPnhn^^   T* F1^ht I***  Center' 
support form the Naval Air Test Center, Patuxent River^MarJland   techniCal development wxth engineering 

Applications, Incorporated, La Jolla, California.      '^"y, wmxa  Alto, California; and Science 

Corporation, El Segundo, California and the Institutffor ^ISS^^^XlSSS^it^^. 

Jhe^L^or'^u^^rilf ^it^ac^oL^^f L^ntlfic^e^frcTf S äSf**» and I0% 5 ^ernn.ent laboratories. 
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FY 1986 RUT&E DESCKIPTIVE SUMMARY 

Prorrair Element:  #63226E 
USr'R&E Mission Area:  530 tie:  Exyerimental Evaluation of Major Innovative Technolnaips 

dget Activity:  2.  Advanced Technology Development  
Title 
Bu Lopment 

SlrJÜirril ™T^ 
$7 M1LLI0H TN FY 1986!  (TIARA, Detailed mission planning for the Detection of 

STT IL ^r wP,?9ram WaS ««ÖÖ^ipSSa for FY 1984 and FY 1985 under Program Element 62301EProiect 

will focus on support of the major DARPA/Air Force TEAL RUBY Satellite Experiment   HI-CAMP'Ls tL =L 
primary spectral bands as TEAL RUBY but with higher ground resolution for analvsi^  .n PAMP ^^ v    „ 

i i 
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FY   lIRfi   RDT&E   DESCRIPTIVE   SUMMARY 

Project:  «EE-2 
Program Element:  ♦6322f>E 
USDR&F Mission Area:  530 (TIARA) 

Title:  TEAL RUBY Experiment 
Title:  Experimental Evaluation of Major Innovative 

Technologies 
Budget Activity: 2. Advanced Technology Development 

H.  PROJECTS OVER S7 MILLION IN FY 1986: 

1. Project Description; DARPA initiat 
feasibility of detecting strategic air vehic 
future option for warning of bomber attack a 
weak aircraft signatures against the strong 
technologies. The TEAL RUBY Space Experimen 
Spectral filters were developed to demonstra 
demonstrated successfully in the laboratory, 
eliminate cost and schedule constraints. Me 
sensor is d(signed with sufficient sensitivi 
the design of future operational sensors, wi 
climatological and geographic conditions. 

ed the TEAL RUBY Program in 1974 to d 
les using a space-based infrared sens 
gainst North America or Naval Battle 
earth background clutter required a 1 
t will use each focal plane zone cont 
te in a single focal plane.  Although 
it will not be included in the TEAL 

asurements will be performed to valid 
ty to detect targets.  Background mea 
11 be made on a worldwide basis and u 

emonstrate the 
or and to provide a 
Groups.  Detection of 
arge number of advanced 
aining detectors. 
the filter was 

RUBY flight test to 
ate performance.  The 
surements, required for 
nder a variety of 

2.  Program Accomplishments and Future Program:  The qualification test program was completed 
resulting in a highly successful radiometnc test in a space chamber.  The test provided the first 
comprehensive system-level performance data.  The responsivity, noise and uniformity levels for the 
different representative spectral zones of the focal plane were testbed.  Since each zone has different 
requirements for optimum target and background measurements, these test results were key inputs for 
mission planning and software development.  The test results were key inputs for mission planning and 
software development.  The test results were within an average of 17 percent of expected results.  A new 
radiometric chamber was calibrated and brought on-line to support, this teat.  TEAL RUBY flight sensor 
component acceptance testing and sensor assembly was completed.  The mission planning and operations 
software requirements were established and work on software design specifications, including software 
acceptance testing plans, started.  Development of the Rockwell Mission Operations Center (MOO and 
installation of the MOC Network Interface Data System, which will govern the interconnection with the Air 
Force Satellite Control Facility (AFSCF), proceeded Including the delivery of the MOC computers. 
Planning for the baseline aircraft target and background experiments has been completed.  In addition, 
formulation of the target aircraft operations plan with the Air Force Geophysics Laboratory (AFGL) was 
initiated.  Integration and parts problems to correct design problems have caused some delays.  Several 
additional missions were defined for other services and agencies including the Navy, Army and other Air 
Force agencies.  These include the following:  The software effort supporting the software and MOC has 
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FY 19Rfi RDT&R DESCRIPTIVE 80MMARY 

Project-:  #EE-2 
Program Elempnt: I63226E 
OSORtE Mission Area:  530 (TIARA) 

Title:  TEAL RUBY Experiment 
Title:  Experimental Evaluation of Major Innovative 

Technologies 
Budget Activity:  2.  Advanced Technology Development 

been receiving additional emphasis alono with mission planning in preparation for launch.  The software 
for mission execution, data processing and reduction is a major effort since the mosaic sensor data rate 
ard quantity of data exceeds conventional sensors.  The data analysis software is based upon the 
experience and software generated by the DARPA Highly Calibrated Airborne Measurement Program (HI-CAMP) 
sensor and will provide the basis for advanced systems. 

provided for 
spacecraft in 
acceptance te 
verify the pe 
development a 
software codi 
(MOC) was sta 
major future 
flight sensor 
experiments. 

FY 1984 Accomplishments;  Testing was completed on the qualification unit and the unit 
integration with the P-80 Shuttle spacecraft in early FY 1984.  The TEAL RUBY/P-80 
tegration test program was accomplished using a qualification sensor while flight sensor 
sting was performed.  The acceptance tests included functional and radiometric tests to 
rformance level and stability of the sensor.  In the mission planning and software 
rea, the Critical Design Reviews (CDR) were completed except for one uplink program and the 
ng was initiated.  The integration and testing of the Rockwell Mission Operations Center 
rted and the new mission computers were i, stalled.  Preparations proceeded for the following 
efforts:  Flight sensor radiometric space chamber testing, software coding, spacecraft/ 
integration and mission operations.  The mission planning was completed for aircraft 

.b-   FY 19flS Program:  In FY 1985, the TEAL RUBY flight sensor is being tested in the 
radiometric chamber and then replaced with the qualification sensor currently on the spacecraft.  The 
flight sensor for the final integration testing is beinq integrated and checked out with the complete 
satellite svstem going through vacuum chamber and functional testing in preparation for shipment to the 
launch facility.  RchKarsals for planned missions and detailed experiment planning are being conducted 
including all non-aircraft missions.  This is the major activity year as hardware test and integration is 
completed, software is developed and major operation rehearsals occur. 

c   FY 1986 Planned Program and BasiF. for FY 198* Request:  The spacecraft system will be 
packaged and delivered.After insertion into /inal orbit, the TEAL RUBY sensor will be checked out in 
orbital experiment operations initiated.  Expe»-imental missions will be conducted for selected time 
periods, corresponding to orbital passage ever targets and/or background areas of interest.  Experimental 
segments or missions are generally categorized as:  (1) target missions demonstrating on-board detection. 
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Proiecti #EE-2 
Progr.nm Element:  »632?6E 
USDRsE Mission Area:  530 (TIAKA) 

FY 1986 PDTiE DESCRIPTIVE SUMMAPY 
Title:  TEAL RUBY Experiment 
Title:  Experimental Evaluation of Major Innovative 

Technologies 
Budget Activity:  2.  Advanced Technology Development 

and (2) background missions where multispectral radiometric data will be recorded.  Priority in time 
seguence of experiment execution will be given background data. The Allied, Navy and other agency 
missions will be conducted after the first successful aircraft detection mission and will be'fitted in 
between major aircraft deployment periods.  All this planning will be established prior to launch and 
updated based on actual orbital data which will modify mission encounter periods.  Focal plane operation 
will bo monitored using a variety of temperature, signal and noise measurements.  The estimated life of 
the TEAL RUBY sensor is limited by the supply of stored liquid cryoqens.  Each set of mission data will 
receive a "quick look" for feedback to subsequent missions to increase the efficiency of collection over 
the lifetime of the satellite.  A final experiment evaluation report will follow mission completion by 
approximately six months. 

d-   Program to Completion:  All reports will be completed.  All the data will be processed 
into engineering research data tapes and put into a TEAL RUBY library for system designers. 

Last Year's 
Reported Plan 

Mi lestones: 

Current 
Plan Mi lestones 

Mid  FY 1985 

of all raw da 

Flight sensor chamber test 

Launch of P-80 Spacecraft. 

Complete Orbital Operations. 

Complete Program. 

Explanation of Milestone Changes:  Program completion will be delayed to allow processing 
ta tapes into an engineering library along with report documentation. 
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Proiert; IEK-3 
Proprnm Flpm^n*-:  #fi3??6F 
t'SDP&K Missicn Ar^a; 530 

FY 1P86 PDTfcF nFPCPIPTI"F BWmKW 

Title:  X-Wlng/PPPA 
Tit.lf?:  Fxperimpntal Kvaluatlon of Major Innovative Tgchnele^lag 
^udqet »ntivity:  TT  Advanced Terhnologv Development 

H.  PPOJFr^F OVEP $7 MIT.T.TON TN FY l"Pfi: 

1.  Project Description;  The X-winq vehicle will provide the Services with a vertical take off and 
landinq circulation control rotatjnq winq helicopter that converts to fixed winq mode for forward flight 
at piqnmcantly Increased efficiency and speed (300-400 Knots).  The X-winq concept developed into an 
operat-ional vehicle would have similar vertical takeoff/landinq characteristics as conventional 
helicopters, i.e. low disk loadinq which results in low down draft, but would approach the dvnamic 
characteristics of a high performance fixed wing combat vehicle in the X-Winq stopped rotor 
configuration.  Current helicopters have maximum forward speeds of approxiraa»-ely 2?ü knots and verv low 
dvnamic performance, i.e. turn rate, roll rates, rate of climb, etc.  Thus, a factor of three or more 
improvement in efficiencv and aerodynamic performance can be expected in the fixed winq mode.  Fixed winq 
dynanlO performance of the X-Wing can approach that of current hiqh performance vehicles but far evceed 
the low speed performance of these same vehicles.  The closest competitor is the Harrier which has 
limited dynamic performance in the low speed reqime and has extremelv hiqh disk loadinq which is 
unacceptable for landinq on unprepared landinq rrones.  Thus, the X-winq vehicle concept offers 
significant efficiencies over both regimes of either a pure helicopter or fixed winq hiqh performance 
vehicle.  Objectives of this proqram are to demonstrate the feasibility and practicability of the X-winq 
vertical takeoff and landing aircraft concept through design, fabrication and flight test of a 
demonstration vehicle representative of an operational size aircraft.  During FY 1083, a joint DAP^A/NASA 
X-Winq proqram on the Potor Svstems Research Aircraft (PSPA) was initiated with approximately/ equal 
fundinq from each aqencv.  The NASA portion of the proqram is beinq conducted under the effort entitled; 
"Technology for Next Ceneration Potorcraf<-" (within the Potnrcraft Systems Technoloqv Proqr »m HPN "53?) , 
which beqan in FY 1084. fh*  V-Winq/PSPA proqram is composed of the followino major <-asks:  .'1) desinn 
and analysis? (?) basic desion data; (3) fabrication of a larqe (SO-foot diameter) rotor svstem; (4) 
qround tests and software developmentf and (5) contractor and NASA f1iqht tests on the PSPA.  Contractor 
rotor system design activities are supported by David Taylor Naval Ship Pesenrch and Devplopment Center 
and NASA in-house proqrams of subscale wind tunnel tentinq and analvtic correlation.  A sophisticated 
Mach-scaled dvnamic model built bv Boeinq has been utilized extensively to provide basic desiqn data, 
particularly in the conversion (rotating to stopped) mode.  Completion of a joint DARPA/NASA/Armv 
research effort to demonstrate feasibility of a high power combining transmission is an additional task. 
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FY 19Rfi PPTSF nFSCPTPTJVK SUMMAPV 

Proiprt- ■ *EE-3 
Program  Elpnwnt-:      tfi^PPfiF 
nsnpf.r Hlailon   Arpn;     sVn 

X-WMiq/RSPA 
RxpprimRntnl   Bvaluatlon  o*7  M^ior   Tnnnvati"P  Tgchnologlea 

Title.: 
TitTo: 
Pudqpt   ActivityI 

52E 
Advanrpd Tprhnn'loqv Dp^plnpmfnt 

SucrecRful dpvplopmpnt of a hiqh pnwpr comhlninq tranpmisiRion in thp Hnavy Lift HmlieoptUX   (HLH) proqram 
has provided thf  critical technoloav for doublinq U.S. he! iroptfir hoa^v lift capability. The  HT,W proisct 
is intondpd to pstablish opprntional fpasihi lltv o*" tt« hiqh powor comblninfr i-ransmispi on tpchnoloqv 
through installation in an XCH-6? airframp, ground tpstinq and in-flight pprfornanrp pvnluation.  Initial 
HLH rosoarrh rosultpd in successful achievpirent of a hiqh powpr combining trannmission capable of 
transmitting torque IPVPIS in excess of 80,000 inch-pounds, approximate!v double current rapabilitv. 

PPOGPAM ACCOMPT.TRHMFNTr AND FOTORE PWOGRAMSi 

a.  FY IQR'I Accompl inhments:  During FY 1 
subsystems were completed.  After critical design 
laboratory and ground tests.  Maior subsvstpms in 
boxes, and flight control and computer hardware, 
testing of the enqine-transmission-rotor-control 
model testinq for aerodynamic and stability refin 
hardware and software evaluations of the control 
combiner was assembled and successfulIv tested, 
transmission tests wpre successfullv completed. 
could support transmission of the required torque 
*-he effort was included in Project ST-5 (PE f230] 

9R4, the detailed design and fab 
review, components entered into 

eluded blades, compressors, hub 
A propulsion system testbed was 
System. Subscalp Potor Svstem P 
ements was also conducted. Most- 
logic were performed. The hiqh 
The HT,H transmission combiner wa 
The tests demonstrated that the 

These research accomplishment 
F) . 

rication of most 
proof load, fatique, 

moment sensors, qear 
desiqned for qround 

esearch Aircraft (PSPA) 
simulation facility 

powpr transmission 
s assembled and aft 
combininq technique 
s were achieved while 

b.  FY 198 5 Program: An advanced 
RSRA and testing" of the propulsion system 
and airframe shake testing will be comple 
used to evaluate the fly-bv-wire control 
^or integrated nvstems testinq and the fi 
scale, and simulation test results. A 10 
is being completed. A lOO-hour endurance 
transmission tests of the HI/'i transmissio 
testing is to be completed and an enqinee 
flight demonstration vehicles.  This is b 

X-Wing rotor system is being fabricated and installed on the 
testberi, component qualifications test'-, hub-sensor calibration 

ted.  A specialized systems integration test facility is being 
system.  Following these activities, the airfrarne is tied down 
nal fliqht control system software updated from sub-scale, full 
O-hour endui-ance test of the hiqh power combininq transmission 
test is being conducted on the combiner and forward 

n are beinq completed.  Tnteqrated transmission 
rinq desicm review conducted for inteqration with the XPH-fi? 
einq accomplished under Proiect ST-S. 
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FY 

Project;  «F.F-? 
Program Bl«»n€i  »«3226g 
USDP&K. Mission Area: 

19R6 PnTSF nFSCPIPTIVF SUMKA''V 

Title:  X-Viny/PS^A  -„^.„^np T* ^4^ Ir^t^" *
arftfl0l0,,i*> 

Title: .fXl M     T'--"^ '""'■""'^^ ft«vi"P«»"L Pudqet Actt^'ir.y.  «j ^L —  
Followinq successful flight ••€•*; 

Milestones: 

T.ast Year's 
Reported Plan 

I.ate   FY   Ifll 

Current. 
Plan  

Farlv 19B5 

Eariv FY ig«"; 

Milestones 

Tnitlate propulsion system testhed. 

^0-hour XCH-6P Hnavv Lift Helicopter (HUU combiner and 

forward transmission testi. 
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Project :       «FE-3 
Proqrnr, BlnMnti #63??6E 
t'Pno&F Mission Ar^a :  S3n 

Tast Year's Current 
Reported Plan Plan 

Farlv FY 19SS 

Mid Fv 10RS 

Early FY 10R6 

Late FV iqRR 

Late Fv iqps 

Late FY 190S 

Mid FY 1986 

Late FY I'Jflfi 

Mid FY 1987 

Late FY 1988 

Late FY 19 89 

TV inRfi PPTSE PESCRIPTIVE pnMMARv 

Title:  X-Hinq/PPBA 
Title:  Fxpertmenta1 Fvaluatinn o^ Major Innovatlvg Technologies 
Budqet ActivityI  P.  Advanced Techno! nov Po^elopment 

Milestones 

Hround testino; flight c1enrance review; conduct first 
flight. 

Flight, test data review. 

Fabricate, qualify and assemble maior XCH-67 (HLH) 
transmission subsvstems. 

NAPA receipt, of aircraft. 

Initiate final XCH-6? /HLH) asnemblv functional tests and 
proof ''onding. 

Complete airframe final assembl". 

Complete functional testing, proo^ loading, ground tests and 
first night test. 

Complete flight testino. 

f   Explanation of Milestone Changes:   The FY 1984-1986 milestones are sliqhtlv revised (+6 
months) to correspond to a slight slippage In the date of the DAPPA/NAPA Potor Svstems Research Aircraft 
critical design review. 

«teN* 
»■ 
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FY   19flfi   PDT&E   DFSCRIPTIVF   ptl^MA"'1' 

Pro^oct:      #KE-0 

Program Flpment:  dfiiPPfiE 
UPPPiF Mispion Area: ;3n 

Titlel  X-29 Advancpd Terhnoiogv Demonfitrator 
Titlo:  Fyppr-lrniRntal Fvaluattnn of Manor Innovative Toohnnl nqi PS 
Pudqet- Aft ivlty:  R- 

Advanoprl T'orHnology DPVPI opment: 

PBOJFCTP OVFP f   WILLICTj TV Fy lORP; 

1.  Project nescription:  The v.^q Advanced Technology Pemonstrator (X-?9 ATP) program has the 
potential for achieving major technical breakthroughp in air vehicle (lesion which can he translated into 
significant operational performance improvements.  Fight technologies will be developed and breakthroughs 
are anticipated in the areas of structures, aerodvnamics, stability and control, and configurational 
design freedom.  In the structures a^rea, the composite wing covers are designed to solve the aeroelastic 
divergence phenomenon, a static structural instability experienced bv forward swept wings (FSW), which 
has prohibited the exploitation of the FPW aerodynamic and configurational design advantages.  ^he 
composite wings are designed to twist when loaded (aeroelastic tailored) to handle this phenomenon 
without the weight penaltv associated with a metal FSW.  Aeroelastic tailorino has important applications 
for aft swept wings as well, hut in this application it is critical to program success.  High confidence 
in this technology is a result of earlier large scale wind tunnel testing of two specific FSW designs. 
Aerodvnamically, the X-29 ATP will demonstrate high aerodynamic efficiencv throughout the entire flight 
regime.  The aerodynamics of the FSW desicrn and the favorable interaction of the canard and wing, also 
documented bv extensive analvsis and wind tunnel testing, provide greater useful lift at given angles of 
attack and allow hiaher anriles of attack to he achieved before wing stall.  As a result, significant 1v 
lower takeoff and landing speeds and substantially improved high angle of attack maneuverabilitv are 
possible.  The FSV? configuration generates lower drag due to lift during transonic maneuvering flight 
and, through optimum deflection of the three control surfaces (canard, wing flaps and strake flaps), 
subsonic and supersonic trim drag can also be greatly reduced.  The X-20 ATP is designed to be statically 
unstable to reduce supersonic trim drag.  This unstable nature also permits greater maneuverabilitv and 
results in a smaller and lighter vehicle.  The vehicle is controlled with a full authority and fullv 
moveable canard and is the first modern dav aircraft so designed.  A new digital flv-bv-wire flight 
control svstem is used to optimally schedule the canard, strake flaps and rudder deflections and will be 
used to investigai-p advanced control designs to build confidence and reduce the risk in the design of 
future systems.  Configurational design flexibility, available because of the FSW desiqn, allows weight 
and/or volume to be varied significantly without serious controllabilitv impact and enhances the design 
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Proiprt #FE-P 
Program BlMMnt l  «6???6F 
USDP&F Mission Arpn;  STO 

FY lORfi RPTSF DFRCPTPTIVK StIMMAPV 

TIUP-  X-PI Advancpd Tnrhnoloav Poinonstrator 
Tltl««  Fypprrmpn<:al FvalnaMon o^ Maior Innovatlvg Technologies 
P\idgp*: AoHvitv:  ?.  Advanceri Teohnologv nevelopmpnt 

ef firirnrv. 
in this fligh 
Early analvsi 
panivalent af 
rangp/paylnad 
In addition, 
manpuvprahi]i 
lift devices, 
inherent- in t 
desion o^ adv 
for operation 
will reduce t 

These tpchnical 
t vehicle, they 
e indicated tha 
t swept wino al 
or performance 

the competing d 
ty vet had impr 

Such capabili 
he FSW wing des 
an-:ed tactical 
s from small sh 
he time, risk a 

developments are important when considered individually, 
svnergisticany produce considerable operational perform* 

t a forward swept wing 'FSW) aircraft could be as much as 
rcraft. This weight reduction can be translated into equi 
improvempn*-s and any weight reduction can be translated i 

esign^ ^or this program were point designed for high trans 
essive short takeoff and landing capahiMtips even Without 
ti#i 3^ d,ir to the excellent low speed stability and cons- 
ign. These performance improvements will be valuable to t 
fighters for which runwav denial is an operationpl concern 
ips. The development, evaluation and exploration Of the X 
nd cost of any future tactical fiohter development. 

but when combined 
nee improvement. 
30% lighter than an 
val Mit 
nto a cost saving. 
onic 
sophisticated hi ah 

roi characteristics 
he Air Force in the 
and to the Naw 
?■? technologies 

7.  Program Accomplishments And Future Programs 

a. FV mR4 Accomplishments 
FY igM in preparation for flight te 
completed and the static and dynamic 
loop" on the wing design. Composite 
permitting the lightweight, yet »tlf 
were tested 3Xtensively and necessar 
specifications. Instrumentation was 
rpview processes were completed tO 0 
contract modification was made to co 
government/contractor flight test pr 
facility. This change delayed the f 
contimiitv and insured a more produc 

All fabrication and ground testing efforts were completed during 
sting.  The structural proo^ loading of the Number One vehicle was 
test results matched the predicted values well enough to  close the 
structures can reliably be designed to predictably twist under load 

f 'structures to solve the FSW aeroelastic divergence.  All systems 
^'modifications were made to meet safety and design goals and 
activated and calibrated.  The contractor. Air Force and NASA safetv 
lear the vehicle for flight.  A significant program change and 
nduct all flight testino to Edwards AFP and to initiate a ioint 
.,aram instead of conducting initial testing at the contractor s 
irst flight bv four months but enhanced safety, provided test 
tive program. 
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ProiPCt:  «KF-9 
Proqram BlMBCntl #63226F 
UFnP&F Mission Arpa:  530 

flight an 
flight an 
pprsonn»»! 
Flight Te 
tfichnoloq 
Followi ng 
initiatpd 
envp1opp 
(inin pxpo 
after the 
supported 
Contracto 
industry 
possible. 

FY IQR1'. Program: The air 
d funrtional «-esting to be c 
d concept evaluation in Dece 
prepare for the concept eva 

st Center (AFFTC) enqineern 
ier. and planning I possible 
the functional fHqhts in e 

Pecooni^.ed and accepted f 
capabilitv is beinn installe 
rience with the svstemp and 
full fliqht control systeri 
by the AFFTC -rd the Air Fo 

r support in also being cont 
userr ai generated.  Special 

FY iQRf, ppTRF DKSCPTP^I^F PHMMA"" 

Title-  X-?1 Advanced technology Penonstrator 
Title-  Fv^Tü^TTTT^TTiation of Major Tnnnvative Technolog-eF 
nudqet Activity:  ?.  Advanced Technology nevelnpment 

•craft was heinq shipped to Fdwards and prepared for it's first 
onducted by the contractor to insure the vehicle was readv for .irst 
mber 1984.  The NASA involvement is increasrnq as additional 
Tuation flight testinq.  NASA is beinq ass^ted bv the Air Force 
in oenerating and evaluating the militarv utility of the X-21 
expanded militarv test phase following the concent evaluation 
JjZ  Fv TOPS, a Joint qovernment/contractor test proqrnm 1« Min« 
Uqht control limitations are restricting earlv testinq.  ^e full 
a irl mit   Fv 19t5<  « nominal fliqht envelope is beinn explored to 
then the full structural divergence envelope is beinq investTgater^ 
capability is installed.  NASA is conducting the flight tests 
rce Wright Aeronautical Laboratories Flight Dynamics Laboratory, 
inued   TPst results are being made available to government and 
meptings are being held t- transition this information as earlv as 

J r,  J„ r^r w   lopfi Rpmiest-  Fliqht -esting will continue through 

the database necessary to transition t,]p/r
X-?qi

,:e^nnnl "''t^- ^^ "„_. thp foUaw-Ott  military application 

KtS^KlrSrS^lirS UrSäSdlT,^ iil^r^lic^ior and SySJ. rS- S. various 
X-?P technologies and how these relate to the advanced fighter requirements. 

_   .-^^-  Thp PARPA funded concept demonstration flight test program will be 

n 
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Pro+ocf:      «KF-Q 
Program Element; *f<l??fiF. 
USDPiK Mispion Area:  ^^0 

FY 1P8fi PDT&F DFSCPTPTT\'F PHMMAPY 

Title-  y-79 Advanced TgehnolngV nemonstrator 
Title:  Fyp^rTniental Fvaluation of Ma^or Innovati"e TerhnnToqies 
"udqet Artivitv:  P.  Advanced Technology Development 

A maTor effort will be 
ed ,  Th i.«? i R a 

be modified to inventiqate other concepts for specific min tar" applications A ma.or e 
conducted to transfer the fliqht test information to the user communitv as it is aenerat 
lona-ranqe estimate based on success in meetinq the technical and management milestones. -ranq 

Milestones: 

Last Year's 
Reported Plan 

I.ate FY 19(14 

Earlv FY 10Pr) 

Mid FY 19R6 

Current 
Plan 

Farly FY IftS 

Mid FY 1985 

Late FY UiS 

Late FY 19R6 

Farlv FV  nR7 

Milestones 

First fliqht of the y-pg and completion o' four test 
'lights. 

Start concept, demonstration flight test program. 

implement full envelope capability. 

Complete DAPPA sponsored concept evaluation flight test 
proqram. 

Initiate NASA sponsored research and Service military 
application testing. 

9R6 

to late FY 1§M. 
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FY 1986 RDT&K DKSCPIPTIVE SUMMARY 

Proioct:  #EE-16 
«fl32?6E 

USDR&F Misöion Area:  530 
Program Element: 

Title 
Title 

Long Range Interceptor Experiment 
Experiment Evaluation of Major 
Innovative Technologies 

Budget Activity:  2. Advanced Technology 
Development 

H.  PROJECTS OVER $7 MILLION IN FY 1986: 

(LORAINE) transitions 

from the S 
1   Proiect Descriptive:  This effort in the Long Range Interceptor Experiment 

Strileqic Technology program element 62301E, Project ST-4, in FY 1986.  Focus of the LOPAI> 
program has been on development of technology for a non-nuclear very long ranc 
The development is intended primarily for Battle group and Continental United 

range anti-aircraft weapon. 
States (CONUS) air defense ipment is intenaea primarily IUI DOLUXC .^""K O." v,«.,..*.^ ..>.-*  ov-ni-co   „  /  .     i ,,„„ 

tions.  By virtue of its speed the LORAINE could attack in a matter of minutes.  By having a large 
search area the LOPAINE minimizes the need for accurate pretargeting information, and coupled with its 

reaction eliminates the need for update information in most scenarios.  It is ideally suited to 
surveillance systems such as Over-the-Horizon (OTH) Radar and Space Tnfrared (IR) 

can be used to cue the LORAINE.  LORAINE can also be used to provide the 
tM for the Battle Group.  In short, the LORAINE is the ultimate long range intercept 

speed of 
complement long 
systems.  These 
outer 

range 
latter 

weapon. 

2. 
work on 
Efforts 
LORAINE 

systems 
le Group.  I 

The baseline reentry vehicle was developed by the Sandia National Laboratory. 

1986 which continues 
Project ST-4. 
full scale 

Program Accomplishments and Future Programs:  This is a new project la FY 
the Long Pange Interceptor Experiment (LORAINE) previously funded in PE 623011« 
are underway to resolve the demanding technical issues and operation.  A nearly 
concept demonstration will be developed which will culminate in one or two intercepts under 

S operating conditions.  The program will include the development of the attendant cooling system; 
an appropriate prime power source? and, all the hardware miniaturization necessary to incorporate the 
LORAINE system.  The detailed LORAINE intercept program plan is being developed. 

a  FY 1984 Accomplishroents;  Construction of the SWERVE-III vehicle, instrumentation and 
oxperimentai hardware continued.  fnTtlal difficulties were solved.  The first set of experimental 
hardware, properly calibrated including the completed antenna array insert was delivered to Sandia. 
Sandia laid out plans for a precursor flight with dummy reentry vehicle m order to fully check out 
launch site and down range instrumentation. 

mechanical, 
FY 1985 Program:  In FY 

and thermal performance. 
1985 a flight test is being conducted to verify electrical, 
Remaining work in the fiscal year includes analyses of flight data 

and planning for a full scale LORAINE intercept. 

i | 
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FY 19Rfi RDT&E DESCRIPTIVE SUMMARY 

Project:  «EE-ie 
Program Elcmpnt:  i63?26F 
USDRSiE Mission Area:  530 

Title:  Long Range Intfrca^tor Experiment 
Title:  Experiment Evaluation of Major- 

"innovative Technologies 
Budget Activity:  2.  Advanced Terhnology 

Pfvelopment 

FY 1986 Planned Program and Basis for FY 1986 Request:  In FY 1986, development towards the 
, demonstration of the Long Range Interceptor Experiment (LORAINE) will be initiated.  This will 

nclude major contracts for the components and supporting equipment.  An integration plan and an 
xperiment test plan will be developed to lead the program through an orderly series of experiments 

full scale 
i 
experiment test p 
culminating in an intercept demonstration 

d. Program to Completion:  This is a continuing program. 

e. Milestones: 
Development 

Last Year's 
Reported Plan 

Late  FY 1984 

Mid       FY   1987 

Early  FY   1988 

Current 
Plan 

Mid  FY 1985 

Early FY 1986 

Mid  FY 1987 

Early FY 1988 

Milestones 

Conduct   sub-scale   LORAINE  tust 

Complete  LORAINE  flight   test  plannina 

Complete  LORAINE   integration. 

LORAINE  integration  completed. 

LORAINE  intercept of drone demonstrations, 

aggress 
f.  Explanation of Milestone Changes;  Initial milestones reporved last year proved too 

ive.  Schedule slippage has occurred due to late completion and integration. 

<m ■ i —»ii 

vif*1;« ■I 
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FY 1986 PDT&E DF.r.rRIPTIVE SUMMARY 

Project:  tEB-18 
Program Element:  ♦63726E 
USDR&E HisBlon Area:  530 (TIARA) 

Title:  Advanced Undersea Vehicle 
Title:  Experimental Evaluation of Major 

Innovative Technologies 
liudqet Activj ty: 2. Advanced Technology 

Development 

H.  PROJECT OVER S7 MILLION IN FY 1986; 

1. Project Description:  The objective of this program is to develop and demonstrate advances in 
technology required for autonomous undersea vehicles.  Previous efforts were reported in Program Element 
62702E and summary details are contained in Project TT-3.  FY 1986 funds are to start with the closure of 
the technology find initiation of larger scale subsystem demonstrations. 

2. Program Accomplishments and Future Programs; 

a.  FY 1984 Accomplishments:  The FY 1984 portion of this program is reported in Program 
Element 62702E, Project TT-03. 

u.  FY 1985 Program:  The FY 1985 portion of this program is reported in Progrnm Element 
62702E, Project TT-03. 

c. FY 1986 Planned Program and Basis for FY 1986 Request: 

Testing of subsystems for advanced undersea vehicles will continue through FY 1986 and demonstrations are 
planned.  The objective is to develop technologies which if integrated together will enable a vehicle to 
sense its environment, takes actions not specifically planned, and carry out a task or mission as 
specified.  The FY 1986 resources will be used to develop the individual technologies required to enable 
this capability.  It is expected that a large percentage of the effort will be expanded on associated 
sensor systems.  A testbed vehicle for integration and testing these technologies is planned in the 
outyears.  However, no or little FY 1986 funds will be used for this program. 

d. Program to Completion;  This is a continuing program. 
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FY 1986 RDTSE DESCRIPTIVE SUMMARY 

Proirct:  #EE-18 
Program Klpmont:  «63226 
USDRSE Mission Arpa:  530 (TIARA) 

e.  Milestones: 

Last Year's 
Reported Plan 

Late FY 1986 

Early FY 1987 

late  FY 1988 

Current 
Plan 

Early FY 1986 

Late  FY 1986 

Early FY 1987 

Late  FY 1988 

Title:  Advanced Undersea Vehicle 
Title:  Experimental Evaluation of Major 

Innovative Technologies 
Budget Activity:  2.  Advanced Technology 

Development 

Milestones; 

Begin advanced technology demonstrations 

Complete critical on-going technology demonstrations 

Determine if testbed vehicle is required 

Demonstration of adaptive vehicle technologies 

f.  Explanation of Milestone Changes;  Not applicable 

i 
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Project:  »EF-iq 
Program FlPment:  fHTfiF 
USDPSF Mission Area:  Sjül 

FY lORfi PPTfcF PFSCPIPTI^F PHMMAnV 

Titl«i  AdvancpH Cruipp Missile Technology (NFW PTABT) 
Title:  Fxper^mentfi^ F^aluation of Ma-ior Innovative Technologies 
Piidqet Activity:  "^  advanced Technology PeveTopment 

H.  PPOJFCTS OVFP ?i   MILLTON IN FY 1986: 

.   pmiorf   Pescription:  ^he Advanced Cruise Miuil« Technology program is develoning technologies 
appl 1 cahTe-^Tnext/ gen^rat {on strategic and tactical missile systems.  Maior technical obiectnves are 

bei 
ir 

secondary 
'•ehi cle. 

2.  Program Accomplishments and Future Programs: 

a.  FY 1<'R4 Accompl i shments 
KlPmori- «fiPBCTlE, Proiect ST-1; ^n FY 19B4 

The Advanced Cruise Missile efforts were conducted in Program 

These efforts are conducted in Program Element No. 623niF, Proiect ST-S in 

ehirle designs and model 

b.  FY 19R5 Program 
FY 19B5. 

c   FY 1986 Planned Program and Basis for FY 19R6 Pequest;  Preliminary vehicle designs 
tests will he   initiated. fT^ividual engine and vehicle components will be fabricated and tested 
Val'dation of full scale engine components will be initiated. 

d.  Program |g Completion:  In FY 1987 individual full scale engine components will be_combined 
lua*-] into a hot section for evaluation of performance 

components suitable for a flight weight engine test program 

This effort will complete validation of full scale 
Vehicle designs and model tests will be 

igh 
during FY 1989 

t'l 
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Pro-iprf:  «KF-IQ 
Proqram Elempnt: f<^??f<F. 
USDPiE Mispion Area:  530 

p.  MilostonfP: 

FV ifec fHT&F nFsrPTr'',T"F itSOQUn 

T1 i M p :  Aflvancprl rruisp Mis.qj'|p Tpnhnnloqv '^^W START) 
Title:  Fxp"prlmental Fvaluatlon of Manor innÖviHvg TechpntogT PB 
Pudnet Artivityr ?.     Advancpr' Tpchnoloqy PP"P1 oninpnt: 

Last Year'F 
PeportPd Plan 

Ctirrent 
Plan 

Karly FY 10R5 

Late FY IfiB 

Earlv FY 19R6 

Mid FY lOPfi 

Mid FY 1987 

I.al-p FY 19R7 

Late FY lft7 

Earlv FY 198R 

Mid FY 198" 

Milest ones 

Initiate developmont of full scale oomponen*- developments. 

Evaluation of enqine comnonents under fuel combustion 
conditions. 

Preliminary vehicle desiqn concept and model testinq 
ini tiated. 

Individual full scale engine and vel.lcle component 
fabrication and testing initiated. 

Validation of full scale engine components suitable for 
flight weight enqine completed. 

Vehicle configuration design defined and model testinq 
completed. 

Decision to initiate development of fliqhf test vphicle. 

Tnitiate fabrication and in+-pgratior of flight tes<- vehicle 
subsystems. 

First flight test of full scale test vehicle. 
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Prnipct:      »KF-19 
Pronr,im  Flpnipnt:      6321 fF 
tiFDPiF  Mission  Arpa:      530 

FY  IPR»;  PDT&F DBtCRZPTXVE SOPOWy 

""*'     ^nnPnfai   ^TÜäHon   ö?  Ma^or   innovative  TPchnolnrriP« 
WaAgmt  Activity:      g]     ^änegg  Tpchnnlocv  BSvSTHpiMa 

'I 
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Proqram Element:  td5112E 
USDRiE Mission Area; 530 

FY 1986 RDT6.E DESCRIPTIVE SUMMARY 

Title:  Technical Analytical Support 
Budget Activity:  6. Defcnsewide Mission Support 

A. RESOURCES; ($ in Thousands) 

Project 
Number  Title 

FY 1984 
Actual 

TOTAL FOR PROGRAM ELEMENT 

FY 1985 
Estimate 

$14,700 

FY 1986 
Estimate 

FY 1987 
Estimate 

Additional 
to Completion 

Total 
Estimated 
Cost 

$14,700 

B. BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: This level 
and analytical services to the Office of the Secretary of Defe 
provides support to OSD planning, policy formulation and decis 
technology programs through dedicated scientific and technical 
Funded Research and Development Center at the Rand Corporation 
to ensure access by all OSD components to independent interdis 
broad range of relevant specialities, enhance mechanisms for t 
and institutionalize capabilities for analysis of issues that 
individual OSD components. 

-of-effort program funds special research 
nse (OSD) and to DARPA.  The program 
ion making processes, and to DARPA advanced 
capabilities maintained by the Federally 

The broad objectives of the program are 
ciplinary research capabilities covering a 
echnology transfer among OSD components, 
cut across the responsibilities of 

C. COMPARISON WITH FY 1985 DESCRIPTIVE SUMMARY:  This is a new Program Element that began in FY 1985, 
established to encompasB the Rand Corporation study efforts performed for OSD and DARPA as part of the 
expansion of Rand's existing Federally Funded Research and Development Center (FFRDC) status.  The DoD 
has approved the expansion of Rand Corporation's FFRDC status to include work for both OSD and DARPA 
under this new PE.  A detailed research program for FY 1985 is currently under review.  The FY 1986 and 
outyear funding has been transferred from DARPA to OSD under PE €51120. 

D. OTHER APPROPRIATION FUNDS:  None. 

* 



r,*«^ i. 

FY   1986   KDT&E  DESCRIPTIVE   SUMMARY 

Program Element:     ISbl^E 
USDRSE  Mission  Area:      520 

Title:     Technical  Analytical  Support 
Budget Activity:     6.     Defensewide Mission  Support 

E. R^TEO^CTIVITI-:     Rand  ^'Jg'J^S^'Si'j.^S^lfSt^^S'uSS   St.^STaS^^ 

Force  actions       ^"tf^^J^'f^^J.^^fSSTtJ^ ^?^^i"^  duplication of 

authorized recipients. 

F. WORK  PERFORMED  BY:     All   worK  will  J P-'J^^J^^fjyffiJS^'SS'.SSt;  r^urces!'   it 
Detense Advisory  Group   (DAG)   is being established   ^P^^^P^ch  and Engineering  and  co-ch.ired by  the 

Advisory Group. 

spare-based  surveillance  capabilities demonstrated  a  "e^aJi°'il
D^f^h    enlisted personnel   force  structure 

endurance  and  survivability  requirements.     An  integrated model  of  ^J"1^^ P^Torce   (AVF)   poUcy 
^nd  associated  analyses  have  contributed to the OSD  -formu  ation of Al 1   ^ ^^^J^^hat  comprlse^he 

S^SSR/PHC  .^S^SIÄU ^"IS^S^oSifSlS Seurpo!?cJel  Uetho oiogy  for 
cooperative dlrtr^tive^rLlem-solving  in  the domain of   .ansor  H-ote^yPioteo Vehicles     PPV,fWas 

developed.     Responding  Iv^^YelVlbTl^TVlioTel en olment^y  tern L?  the provision of  Don .edical asked  for  an evaluation of ^feasibility of  a  closed e^o™       J       comnlunications  and other matters 
health  services.     Analyses of   satellite  survivaoiiity,   nl^i|"":        . „vstems  are being used  to  innrove 
relating  to enduring  command     control,   g^J^^^^tiiTStiai^S-S.^-SS!  resource 
strategic «^^«^^"^^^^"•^^rence  on East-West economic  relations  and  the  Soviet 
^LZlltuTe.^l ^nrconcept^o^n'advaJc^r^n^uclear weapon  system with  the  potential  to destroy 
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FY 1986 RDTiE DESCRIPTIVE SUMflAPY 

Program Element:  »65n2E 
USDRSiE Mission Area:  530 Title:  Technical Analytical Support 

Budget Activity:  6.  Defensewide Mission Support 

hard fixed targets at intercontinental ranges is currently beina evali^trvi in .. 

H-  PROJECTS OVER $7 MILLION IN FY 1986:  Not applicable. 

experimental program.  A 
rve as the basis for 
am research.  The 
drew upon Rand analyses 
The work that Rand 
rred from DARPA, Program 
n the future by the 
th user OSD 
1986 and beyond will be 

.1 
C  • 
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FY 1986 PDTiE DESCKIPTIVE SONKARY 

Program Elemerti  *65898E 
USDKiE Mission Area:  530 

Title:  Management Headquarters (R&D) 
Budget Activity:  6.  Defensewide Mission Support 

A. RESOURCES: ($ in Thousands) 

Project 
Number Title 

TOTAL FOR PROGRAM ELEMENT 

FY 1984 
Actual 

11,350 

FY 198 5 
Estimate 

11,430 

FY 1986 
Estimate 

13,148 

FY 1987 
Estimate 

13,500 

Additional 
To Completion 

Continuing 

Total 
Estimated 

Cost 

N/A 

B. BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED:  This program element provides funds for payment 
ol 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 and security, travel, supplies and equipment, 
cemmunirations, printing and reproduction.  In addition, funds are included for reimbursing the Military 
Services for administrative support costs associated with contracts undertaken on the Agency's behalf. 

C. COMPARISON WITH FY 1985 DESCRIPTIVE SUMMARY:  The FY 1986 funding increase reflects additional 
administrative support costs at Service field activities associated with the administration of DARPA 
contracts.  Management and administrative support costs for headquarters DARPA arc approximately the same 
3evel as in FY 1985 and reflect the 5 percent pay reduction proposed by ';he President for FY 1986. 

D. 

E. 

OTHER APPROPRIATION FUNDS; None. 

RELATED ACTIVITIES:  Net applicable. 

F. 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. 

G. PROJECTS LESS THAN $7 MILLION IN FY 1986:  Not Applicable. 

■■I-" -w ■ iii.nmiiii. "Wl.lf,      H' 
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rroqrzm Element:  t6^898K 
nSDRiF Mission Area':  530 

FY 1986 RDTiE DESCRIPTIVE SUMMARY 

Title:  Management Headquarters (R&D) 
Budget. Activity:  6.  Defenf;ewide Mission Support 

H, PROJECTS OVER S7 MILLION IN FY 19Bfe: 

1. Project Description:  This project provides funds for normal management and support functions 
of the Defense Advanced Research Projects Agency (DARPA).  The funding includes civilian personnel 
compensation and benefits, and costs for travel, huilding rent and security, supplies and equipment, 
communications, printing and reproduction.  Funding is included for the reimbursement of administrative 
support costs associated with contracts undertaken on DARPA's behalf by the Military Services. 

2. Program Accomplishments and Future Programs: 

a.  FY 1984 Accomplishments:  Funding under this program element in FY 1984 supported 
management and admin:stration 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 cost associated with their administration of DAPPA 
contracts.  These funds were formerly budgeted in the technical program elements which fund the technology 
base programs. 

b.  FY 1985 Program; 
DARPA is planned. 

Continuation of the management and administrative support costs for 

c. FY 1986 Planned Program and Basis fur FY 1986 Request:  The management and 
administrative support costs for headquarters DARPA will continued at approximately the same level as FY 
1985.  Reimbursement for the administrative support costs associated with the administration of DARPA 
contracts by our Service activities is expected to increase by $1.4 million in FY 3986 to the $4 million a 
year level. 

d. Program to Completion:  This is a continuing program. 

e. Milestones;  Not applicable. 

f. Explanation of Milestone Changes:  Not applicable. 


