U.S. ARMY 96.2
SUBMISSION OF PROPOSALS

Topics

The Army participates in one solicitation each year with a coordinated Phase I and Phase II proposal
evaluation and selection process. The Army has identified 179 technical topics for this solicitation which
address the Technology Areas in the Defense Technology Plan and the Army Science and Technology
Master Plan. The commercial potential for each of these topics has also been identified.

Operating and Support Cost Reduction (OSCR)

The U.S. Army spends a large part of its overall budget, directly or indirectly, on the operation and
support (O&S) of equipment ranging from small generators to large, sophisticated weapon systems. O&S
costs cover a broad spectrum of items including spare/repair parts, fuels, lubricants, and the facilities and
people involved in training operators and mechanics. The Army is seeking ways to reduce these costs as
a broad Acquisition Reform initiative. To this end, the Army has implemented the Operating and Support
Cost Reduction (OSCR) Program.

This solicitation includes 35 topics which address specific OSCR concerns identified by the Army’s
research and development community. In addition, a broad, generic topic has been included to ensure
that any OSCR ideas can be submitted and evaluated. Please note that any proposals submitted against
this generic topic must be structured within the Phase I/Phase II framework, must address an Army OSCR
issue, and must provide an excellent opportunity for commercialization of the concept beyond the SBIR
program. The OSCR topics have been grouped together at the end of the Army topics to benefit offerors
who are specifically interested in cost reduction applications.

Technology Areas

Each Army SBIR topic is tied to one of the 20 technology areas, listed below, which are
described in the Army Science and Technology Master Plan.

1 Aerospace Propulsion and Power

2Air Vehicles

3Chemical and Biological Defense

4Clothing, Textiles, and Food

5Command, Control, and Communications (C3)

6Computing

7Conventional Weapons

8Electronics

9 Electronic Warfare/Directed Energy Weapons
10 Environmental Quality and Civil Engineering
11 Battlespace Environments

12 Human-Systems Interface (HSI)

13 Manpower, Personnel, and Training

14 Materials, Processes, and Structures

15 Medical



16 Sensors

17 Ground Vehicles

18 Software

19 Manufacturing Science & Technology (MS&T)
20 Modeling and Simulation (M&S)

Proposal Guidelines

The maximum dollar amount for Army Phase I awards is $100,000 and for Phase II awards is
$750,000. Selection of Phase I proposals will be based upon technical merit, according to the
evaluation procedures and criteria discussed in this solicitation document. Due to limited
funding, the Army reserves the right to limit awards under any topic and only those proposals
considered to be of superior quality will be funded. To reduce the funding gap between Phase |
and Phase II, the Army follows a disciplined milestone process for soliciting, evaluating, and
awarding superior Phase II proposals. Phase II proposals are invited by the Army from Phase |
projects which have demonstrated the potential for commercialization of useful products and
services. Invited proposers are required to develop and submit a commercialization plan
describing feasible approaches for marketing developed technology. Cost sharing arrangements
in support of Phase II projects and any future commercialization efforts are strongly encouraged,
as are matching funds from independent third-party investors, per the SBIR fast track (see
Section 4.5). Commercialization plans, cost sharing provisions, and matching funds from
investors will be considered in the evaluation and selection process. Phase II proposers are
required to submit a budget for a base year (first 12 months) and an option year. Phase II
projects will be evaluated after the base year prior to extending funding for the option year.

Proposals not conforming to the terms of this solicitation and unsolicited proposals will not be
considered.

Submission of Army SBIR Proposals

All proposals written in response to topics in this solicitation must be received by the date and
time indicated in Section 6.2 of the introduction to the DoD solicitation. Be sure that you clearly
identify the specific Army topic which your proposal addresses. All Phase I proposals (one
original plus four copies) must be submitted to the Army SBIR Program Office at the
address shown below:

Dr. Kenneth A. Bannister

Army Research Office--Washington
Room 8N31

5001 Eisenhower Avenue
Alexandria, VA 22333-0001

(703) 617-7425

Recommendation of Future Topics



Small Businesses are encouraged to suggest ideas which may be included in future Army SBIR
solicitations. These suggestions should be directed at specific Army research and development
organizations.

Inquiries

Inquiries of a general nature should be addressed to:

LTC John Peeler Dr. Kenneth A. Bannister

Army SBIR Program Manager Army SBIR Program Coordinator
HQDA Army Research Office--Washington
OASA RDA Room 8N31

Pentagon, Room 3E486 5001 Eisenhower Avenue
Washington, D.C. 20310-0103 Alexandria, VA 22333-0001

(703) 614-7298 (703) 617-7425



ARMY SBIR PROGRAM

POINTS OF CONTACT SUMMARY

U.S. Army Materiel Command

ARDEC
ARL
ARO
ARO-W
AVRDEC
CECOM
ERDEC
MICOM
NRDEC
STRICOM
TACOM
TECOM

E. Serao

D. Hudson
M. Brown
K. Bannister
A. Smith

J. Crisci

R. Hinkle

O. Thomas, Jr.

G. Raisenan
A. Piper

A. Sandel
R. Cozby

(201) 724-7349A96-001 thru A96-016
(301) 394-4808 A96-017 thru A96-033; A96-145 thru A96-152
(919) 549-4336A96-034 thru A96-043; A96-153 thru A96-154

(703) 617-8392A96-179

(804) 878-0155A96-044 thru A96-054; A96-155

(908) 427-2665A96-055 thru A96-081; A96-156 thru A96-159

(410) 671-2031 A96-082 thru A96-083; A96-160 thru A96-161
(205) 842-9227A96-084 thru A96-086; A96-162 thru A96-172

(508) 233-5296 A96-087 thru A96-089; A96-173 thru A96-175
(407) 380-4287 A96-090 thru A96-093; A96-176 thru A96-177
(810) 574-7545A96-094 thru A96-105; A96-178

(410) 278-1481A96-106 thru A96-112

U.S. Army Corps of Engineers

COE/CERL
COE/CRREL
COE/TEC
COE/WES

M. Marlatt
S. Borland
J. Jamieson

P. Stewart

(217) 373-7290 A96-113 thru A96-114

(603) 646-4735 A96-115 thru A96-116
(703) 428-6631 A96-117 thru A96-118

(601) 634-4113 A96-119 thru A96-120

Deputy Chief of Staff for Personnel

ARI

J. Psotka

(703) 617-5572 A96-121 thru A96-123

U.S. Army Space and Strategic Defense Command

SSDC

E. Bird

Surgeon General

MRMC

H. Willis

(205) 955-4871 A96-124 thru A96-130

(301) 619-2471A96-131 thru A96-144



DEPARTMENT OF THE ARMY
PROPOSAL CHECKLIST

This is a Checklist of Requirements for your proposal. Please review the checklist carefully to assure that
your proposal meets the Army SBIR requirements. Failure to meet these requirements may result in your
proposal being returned without consideration. Do not include this checklist with your proposal.

1.The proposal is limited to only ONE ARMY solicitation topic.

2.The proposal is 25 pages or less in length. (Excluding company commercialization report.) Proposals
in excess of this length will not be considered for review or award.

3.The Cover Sheet (Appendix A) has been completed and is PAGE 1 of the proposal. The actual RED
COPY of Appendix A is included on the original proposal.

4.The proposal budget may be up to $100,000 and duration does not exceed six months.

5.The Project Summary Sheet (Appendix B) has been completed and is PAGE 2 of the proposal. The
actual RED COPY of Appendix B is included on the original proposal.

6.The Technical Content of the proposal begins on PAGE 3 and includes the items identified in Section
3.4 of the Solicitation.

7.The Technical Abstract contains no proprietary information, does not exceed 200 words, and is limited
to the space provided on the Project Summary Sheet (Appendix B).

8.The proposal contains only pages of 8 1/2" x 11" size. No other attachments such as disks, video
tapes, etc. are included.

9.The proposal contains no type smaller than 11 point font size (except as legend on reduced drawings,
but not tables).

10.The Contract Pricing Proposal (Appendix C) has been completed and is included as the last section
of the proposal.

11.The final proposal is stapled in the upper-left-hand corner, and no special binding or covers are used.
12.An original and four copies of the proposal are submitted.
13.The Company Commercialization Report, if required, in accordance with Section 3.4.n.

14.A self-addressed stamped envelope and a copy of the Notification Form (Reference A) in the back of
the solicitation book, if notification of proposal receipt is desired.

15.The proposal must be sent by registered or certified mail, postmarked by June 28, 1996, or delivered
to the Army SBIR Office no later than July 5, 1996, 2:00 p.m. local time as required (see
Section 6.2).



SUBJECT/WORD INDEX TO THE ARMY SBIR SOLICITATION

SUBJECT/WORD TOPIC NUMBER
1,3,3-Trinitroazetidine A96-013
3o DASPIAY ittt bbbttt b ket a e a e Rtk h e R et e n e en £ Rt Rt eR e ek e b et et en e ehe et ekt e b et et eneeneeneenenbenenes A96-078
3D Modeling MiSSION PLANMING .....c.couiiiiitiiiieie ettt sttt ettt e e et e st e st eseeteeb et et eseeneeneebesaennenes A96-058
PLADAR" ..ttt et b bkt ekt e st e ekt h ettt e s btk a et aena bt e eben A96-149
ACCRLETAtEd AZE IMOMEL ...ttt et ettt ettt e e st bt et b et e et e e et Rt e bt h et et et e st eneeteeaeebeaen A96-165
Accelerated COmMPONENE TESTINE . .......cviuiitirtiiteieiet ettt ettt es ettt e b e ae e eseeseebe st e besteneeseebeebeaseseneeneeseebesaenseneans A96-099
Accelerated COTTOSION TESL .....cueuiiiieuirieiirieieietetriett ettt ettt ettt ettt eb ettt e a et a st s bt e ek esesb st aebe s ene et enesaenenenen A96-099
ALCOUSEIC SEIISOTS. ....cuevemiriiteueietit ettt et eue sttt et st sttt s ebes e et e st s es e e b eas e s st sae s et eb e e e b est st st st st s eb et et enesaest et ebe s eueneebenenaeneanenen A96-004
ALCOUSLICS ...ttt ettt ettt ettt sttt eb ettt b bt b e e bt e b st s bt e ek eae e s st a b et eh etk es s eh et et bt s eb et bt na st a b ettt beae e bt e enen A96-004
ACHVE LOAA ATTI ..ottt ettt etttk h et a et s bt ekt sa bt a ekt sea et benena bt nenen A96-150
ALCTIVE SUSPEIISION ...ttt ettt ea et et ettt e st et et es e es e et e e b e e e s eseeaees e et e b e s emsemeeseeseebeebeesemsententeneebeab et emseneeneeseasesnensenaens A96-150
ACTUAL AZE TS .ttt ettt et ettt bbbt e bt et e bt et e s bt et e e bt e bt e bt e bt e bt et e e bt e bt e bt et e sbe et e ebeenrenae A96-165
AA 95 bbbt ek h et a et b h ekt h et bt e st e bt ea et bt e bt e eten A96-075
AQAPLIVE COMIOL ...ttt ettt ettt e e ettt b et et e st e et e a e et e eb e s e et em e e st es e et e eb et emtententeseebeabe et enseneeneeseesesaenseneens A96-006
AUGRESION. ...ttt ettt sttt b ettt b bt ekt h ke h et a ket eh ekt a st a bt a et b et e bt e eten A96-027
ARTIAL DIEIIVETY ...ttt ettt ettt ettt e e h et e e bt e s e st ea e ea e et e eb e e et emees e es e e b e eb e b entemtentes e ebeeb et et eneeneeneebeeaenneneens A96-089
ACTOAYNAMIC TESLINZ. 1. euteueeiietieti ittt ettt ettt b et et e s e aeea et e be s emees e et e eb e et e ebeeben s emeenteseebeabeasenseneeneeseebesnensenaens A96-086
AACTOAYNAIMIICS ...ttt ettt ettt et et es et ettt b et et e s e ee e eb e et e eb e s emeeseem e ea e eE e b e s em s es e esees e ek e b e s em s ententeseebeabe s et eneeneeseasesaenneneens A96-048
ATtEr ACtION REVIEW SYSEIMS. ....cuitiuieiieiietieteitiet ettt ettt et et et es et e e st et e e b et et et enteseebeeb et ebeneeneeneesesnenseeens A96-090
ALBEIIE ottt ekt ek h et a ekt s bt h et ekt b ettt n st neenea A96-091, A96-114
ATtk h skt e bk a e st h ekt h stk et bt b et na bt a bt ea et b st ne bt enen A96-121
Aided Target RECOZNITION. .....c.oeuiitiitiieieiet ettt ettt ettt b et e st et et es et e e et b et e s et enteneeseebeab et et eneeneeseesesneaseneens A96-056
AL BICATNING ...ttt bttt e b e bt bt e b e st ea e eh e e bt e et ekt eb e et et en e en e e st e bt e b et et e st e st ere bt e ae b eens A96-171
AT TAIZOTS 1.ttt ettt ettt ee et h ettt e e et e st ee e eh e et e b et em e es e es e e a e ek e b e s s em e es e es e eee ek e b e b em s en e e Rt e Rt ekt e b et et e st eneen e e bt e aeabeneene A96-105
AAITDAZS ..ottt ettt et bttt a ekt h et et e At e Rt eh e eR e Rt R et e Rt en e eh e Rt Rt ekt b et en b e st enteR e e Rt e b et et e st eneereebenaeabeneen A96-089
ATTDEAINIS .....eeeieeiieeeeeee ettt e e e e e e et e e ettt eeeaae e e et t e e e e et e e e aat et e ettt e e e e aee e ettt e eanteeeetaeeearteeeaaneeens A96-173, A96-174
AUIDIASE vttt ettt et h bkt h e a ekt a et a ekt eh et bt e st a bt ea et beae e bt enen A96-119
ATTOM] 1ttt b b et h ekt k s h bt e bt s bt a et b et e st e eben A96-048
F N L0 Ui 11 s OO TSROSO PSPPIt A96-130
ATBOTITIIMS ..ttt ekttt s bt b et ekt a bttt n b eenen A96-090, A96-118
ATHINICLETS ...ttt ettt ettt ettt b et st b s b ettt b st e b s bt a et s bt ek s e b st st be s eb et ekt sa st aebe e eae st b st nn bt nenen A96-015
AMDICNE VISION. ... vttt ettt ettt ettt b e bttt s bt e bt e st st b et eb ettt sa st aebe e eae st b st naebeanenen A96-052
AADALYSIS ettt ettt et ekt h ket s et h et eh et e b e st ea e e £ eR e Rt e R e b e s e a s en e e Rt eR e e E e b et ea s e st en e ee e e b e eb et et enteneeneebeenebennen A96-171
ANIMALION ...ttt ettt ettt b st a et e bt b e st e st s bt e bt e b st e b st etk et bt b et st b s b et ea et beae e bt enen A96-164
AANOGAES ...ttt ettt skt E btk h et e ket eh et bt e bt a bt a et b a e bt e eten A96-146
YN 411571 o - OO PRRRRRRRRRP A96-017, A96-128
ANEEINA ATTAYS ....evtentieureteriteteett et etteteett et e she e bt et e esbe st eesteabeeatesaeeaeeabeesse st e eae e bt este st e ebeeabeeb s e bt eb e e st ebtenteebeenseebeentesbeenbeebeenrene A96-015
ANEEINAS ...ttt ettt ettt ettt st e bbbt a ekt e bbbt sttt n et ee A96-067, A96-079, A96-167
ANTIZEN DELECHION ASSAYS....ueeuietirtirtiteiesietieteete ettt et et esteteeteete st e eeaeeseeseeseatebesteneeseesees e b e s ensentententeseebeabe s enseneeneeseasesaenseneens A96-139
ANLIEISHMANTAL DIUGS ...ttt ettt ettt b et et e bt e st es e e bt et et et e st et entenees e et e eb et et eneeneeseesesaenseneens A96-136
ANTMAIATIAL AZEIIES ...c..ieiteneiet ettt ettt bt et e e st e a et e e bt s e et e st e st es e et e eb e b et en e e st e et e bt e bt et et e st eneere e bt eaenbetene A96-136
ANTIPATASIEIC DIUZS ...enteeteiieieeiieteet ettt ettt et e st e b e bbb et e s e em e es e e bt st e b e eb e b emtententeseeb e e b et et eneeneeneebesaenbeneens A96-136
ATCRITECTUTE ...ttt ettt b ettt b ek e bt a et b bt e ek s e bt et be s eb etk e st st bt s ebe e eae st s st naeneanenen A96-066
Architecture Description LaAnNGUAZES. ......ccueoueieiriietirtieteiet ettt ettt ettt ee e sttt ebe st et e te st e st ebeabe st e seneeneeseebesbeaseeens A96-011
ATEA NNETWOTKS ...ttt ettt ettt b bbbt e bt eb e bt s et a b e s eb et b et sa bt s bt eae st eb st naeneanenen A96-177
ATINION ettt ettt b et bt bt a bt e bt b e Rttt ekt a bt h et a ekt b ettt n st neeten A96-027, A96-145

ATIOT VEIICIE DIESII ....vviiieiite ittt ettt sttt e bttt e e e s e st eb e e bt et e b et em b em s e st eneestebeab et e teneeneeneebenaenseneens A96-104



AATTIIY et h e e e Rt e R e et et Rt R e h e Rt et et nt et et e e e e e e e e st eneere e eneea A96-064

ATTAY ¢ttt ettt h ek b st h et bt h stk b e h ekt h st etk et bt b et na bt a bt ea et b a et neben A96-079
Artificial INteIlIZENCE......c.eveueiiiieiiicieieicec ettt ettt A96-164, A96-114, A96-076, A96-053
Artificial Neural NEtOWIKS (AINNS)....iiiiiieciirieeiiitieitesteetesteetesteeseesteessesteessesseessasseessesseassassasssesseassassesssesseassessesssessesssessenss A96-104
AASPRIEIIC OPLICS ..vetetiteteteiet ettt ettt ettt ettt et et e e st eb e et e eb et e e eseesees e e et eb e e emsemees e ese ekt ebeeEen s ententen e eh e eb et et ententeneebeenenbetens A96-021
AASSAY-XETIOPUS ....evetteateeiteteettete et et e ebteteeat e bt ebteabeeut et e ebeea bt eat e bt eheembeeb e et e ebeea bt eb e et e eb e et e e bt e bt eb e e bt eb s et e eb e e bt eb e et e sbeenbeebeenrenae A96-135
ASSIMILATION EITOTS ...ttt ettt a et e bbb e e st e st eb e e b e et et e eb e et em s emeentes e et e ebe s enteneeneeseeseaneaseneens A96-025
AASSOCTATE SYSTOIML....e.ueuteuteiietietiet ettt ettt ettt eb ettt et e s et e eb e et e e b et ea e eseesees e et e eb e s emsemeeseese et e ebeesemtententeseebeeb et et eneeneeseeseenenseneens A96-047
AASYIICHIOTIOUS ...ttt ettt ettt et b et e e s e s e s et e bt et et e st emees e eheea e ke b e s s emees e es e ee ek e eb e s em b eneenteneebeeb et e s eneeneeneeseenenneaens A96-055
AUAIDIE ..tttk h ke h et a ket b ekt a st a bttt h et e bt e eben A96-003
AAUAIO ottt bbb h et a e h bRt ekt h ekt na bt a bt a et bt na bt nenen A96-070
AAUZET ..ttt b et ettt h et h et bttt e bttt eh e et h e et h e e Rt b e e Rt e bt e bt e bt ekt bt e bt e bt et e e bt e bt e bt et e sbe et e ebeenre et A96-064
AULOMALIC GAIN CONIIOL ...ttt ettt ettt etttk e b et e st es e e st e et b e b e s et eneentestebeebe et et eneeneeseebesaeasenaens A96-162
Automatic Target RECOZMITION. ....c..c.iiuiitiiiiiteieee ettt ettt b et s bt et e s bt et e eneeeeebeseeneens A96-162, A96-056
JN 170} T2 1 5 (o) s SO RRU SRRSOt A96-123, A96-007
BASS90....e ittt bbbt h ke h et a ekt b ekt a bt b et a et bt e bt e eben A96-176
BACKUD SENSOTS. ...ttt ettt ettt ettt et e et et e b et e e e s e st e st et e eb e s e e s esees e ese et e b et em s emtemeestebeebe et et enteneeseebesnenbenaens A96-015
27111 - OO OSSOSO PSR USORSOP PRSIt A96-148
BanAWIAth.....c.ciieiiiicic ettt ettt A96-127, A96-055
BandwWidth COmMPIESSION. ......ecutiuiitiitiieietet ettt ettt ettt et ete st e et e te st eseeseeseeseebe b ensenteneenteseebeabe et eseneeneeseesesneasenaens A96-056
BattOTICS ... euteuteneeei ettt ettt ettt ettt h et b et s et bt e b et e a e e £ Rt Rt R et et en e eh e e R £ eR e ekt b e R enten e e Rt en e ek e e be et et enteneereebenaebeneene A96-146
Battle Damage ASSESSIMENL . ......c.eeuiititeieieuieteateeteete et eseeteeteeteateteseeseeseaseatease s eneeseeseese et e ab et en s e st e st eneeheeh et et e st eneeneebeeaeabetens A96-080
BRATTIIES ..ttt ettt ettt ettt ettt b et et a e h e E e bt et b et a e Rt Rt Rt e Ao b et et e st eh e Rt ket et ene e st eheete et eeeneens A96-151, A96-147
BIOACCUIMUIATION ...ttt ettt a ettt et e st es e e bt e bt e b e e em e es e e bt e e et e ebeeeemtemten e eseebeebe s enseneeneeseebesaenseneens A96-010
Bioaerosols........... A96-148
Biodetectors.................. A96-020
Biomatrix Polymers...... A96-020
Bioremediation ............. A96-010
Biosensors.......... A96-020
Biotechnology.................. A96-136
Blocking And Bracing..... A96-016
BL0OA RELINA BAITIET ....c..eueiiieiieiietiitetee ettt ettt bttt h et e b et e e s e st e bt ek e e b e et et eneeneeseeb e e b et et eneeneeneasesaenseneens A96-137
BONA PULL...ii etttk b ekt b bt a et a bt a et b et n e enes A96-028
BOTULISIIL ...ttt ettt h et b et e st e s e h e h ek e b e e em e es e e s e e Rt ekt b et et e n e e Rt e st ekt b et et e st e st er e e bt naebeneene A96-138
BIATAING ..ttt et e a et b ettt s e e bttt e bt e et e st e R e eR ekt b e SRtk e b et en s e n e e Rt eR e e bt e b et et e st eneere bt naebeneene A96-166
BRDF ..ottt b b stk h e a e R h st a ekt s bkt n e st s bt ea et b st na bt nenen A96-101
BRLCAD ...ttt ettt sttt h e a et h e bt et a ket b bt a st a bt a et bt b e enen A96-104
Broadband ANTEINAS. .......c.eeeuieiiit ittt ettt ettt et es e et e e bt et et et ea e st bt e et b e b e b et e st en e st e bt e b et et eneeneene e bt e aeeneeene A96-015
BUITIETS ..ottt h et b ettt e e b e et s bt e bt e bt e et et e ebt e bt e bt et e e bt e bt e bt et e eb e et e bt et sbe et e ebeenre et A96-175
BUISt POINE COMIOL......uiiiiiitieiest ettt ettt h e h e bt et et e e st es e st e et e b e e b et em e eneen e e st ebeab et et eneeneeseebesaenbeneens A96-015
ettt b LR ekt s bRt h bt ek bRt a et ekt a st a ek s bt h et s ekt s bttt bene e b enen A96-026
CAL etttk h etttk et a bt h et ekt b et et n bt ne et A96-090, A96-091
CAD ettt btk h Rt b bt ek bRt a et st a st ekt h e bt a ekt s bt a et hene e bt enes A96-104
CaZE COMPOUINAS ...ttt ettt ettt et et e st e s et e et e bt et e e e st eaeeseebe e bt et et e st em e esees e eee ek e b e b emsententeseebeabe et et eneeneeseesesaensentens A96-014
CAPADILILIES ..ottt ettt ettt h ettt e s e bttt e bt et e s e a e h e ekt b e R et n e e R £ e Rt ke b et en b e n e e Rt e Rt e b e be s et ententene bt naeabeneene A96-159
(0721 0] (S 2514'0) (01 A OO OO SOOIt A96-013
CAT SCAN .ttt ettt a et s bt b e b st ekt s bt a et bbbt s ekt eb et b et na bt s bt a et b et e bt e enen A96-005

CALALYSES .ottt ettt ettt b bt b et s e a etk bt e e e Rt e Rt h e Rt Aot e st e s e eR e eh e Rt SRt ke ebe et en e en e en e eR e e b e e b et et ententen e e bt ene b eneen A96-008



CALALYLIC. ¢ttt ettt ettt ettt e bttt b st b e bt b et a bt e ket a et ettt h ekt h st a ekt h et ket na bt a ekttt h et nn bt neben A96-143

CALROAES ...ttt e et ettt et e e e h e bt et e e b et et en e e Rt R e e Rt eb e A e a s en e R e e Rt ekt b e s en s enten e en e ekt ebe et et ententeneebeeaeebeeens A96-146
CCD ettt etttk ekt b bRt H ek h e h et h e h stk et bbb bt ekttt bea e na et neben A96-019
CDMA .ttt ettt h ek h bbbt ek b a et h bt b st ettt h et bt e bt b ettt bene e bt e eben A96-072
CRIUIAT ..ttt b ettt a bbbttt eb ek s bt e ekt s bkt na st a bt ea et bttt e eben A96-072
CeramiC MatriX COMPOSIEES .. .cververteteienietieteeteeteet e et et eteeteeteabeteaeeseeseeseeteabessenseseeseese et eebe et enseneenteneeseaseatensenseneeseesesneaseneens A96-045
CREIMICAL AZEITS. ....ccuetiieteteiet ettt ettt ettt et et e e st es e et e eb e e e e s e s e st e st eseeb e s e et emees e ese et e ebeesenteneenteseebeabe et ensenseneeseeseanensenaans A96-143
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FIDET OPTIC GYTOSCOPE ... euveneneerietiitieterteteutettete et eteste e et es e eteeteeb e e e e eseesees e eteebe s emseseeseese ek e ab et emsententen e et e abe et enteneeneeseasesaenseneens A96-172
FIDEI OPTIC SENMSOTS. ¢..c.tiuteuieuieuietiett ettt ettt ettt et et es e bt s bt et et e st eseeseebeeb e e b e s e s e em e esees e ee e be e b et entemtentes e et e ebe s et eneeneeseabesaeseneens A96-170
FIDEI OPLICS .nneeteteeteite ettt et b ettt et s et btk e b e s e a e e st eh e e a e b e b e s e em e es e e bt ee e ek e b e s em e enten e eseeb e e b et et eneeneereebenaenbeneens A96-172
FIDEI SENSING COTLS 0. utuieiieiietietiet ettt etttk b e e s et b et e b e s em e es e e st e st ek e e b e b et eneenteseeb e s b et emteneeneeseebenaenseneens A96-172
Field INStUMENTATION.......c.eieieirietiieieiitcent ettt ettt b et eb et a et s bt b et sa st s b eeae e b st naeneanenen A96-144
FIELA OF VIBW ...ttt bbbttt ettt ekttt b ettt b bbb A96-021
FIEIA TOSTIME ...ttt ettt et b ettt ettt b et e bt e a e st es e e bt ek e b e e em e es e es e e bt ek e b e s emtemten e estebeeb e s et eneeneeseebenaebeneens A96-099
Field Testing COTTEIAtION ......eouiitiitiitiieieiiet ettt ettt ettt ettt ettt et et et e st eb e bt ettt e besbensenteneeseebeabe b et eneeneeneebesaenneneens A96-099
FIlAMENE WINAINE ...c..etieeeeeet ettt b et s et h et e b et et es e e st e et e b e bt et en e e st en e es e e bt s be et enteneeneeseebesaenbeneens A96-166

FIIEET ettt ekttt bbb sttt n st neeren A96-129, A96-063



Finite ELOMENt ANALYSIS......cueiuiiiitiitiieieiet ettt sttt ettt bttt e et e st es e e bt et et e eeseea b et enteseebeebe et esenseneeneesesaeaseaens A96-166

FIT@/SEIISOT ...ttt ettt et h ettt e st e st eh e btk e s e s e m e es e es e e et s e s e s e em e es e eb e e Rt e bt b e s en s en e en e en e e bt eb et et ententeneeneeneabeneen A96-003
FLAt PANELS ...ttt ettt ettt b et e e e et e bt e bt b e b et e st ea e eh e bt e Rt ekt eb e ket e st e Rt Rt e bt e b et et e st entene bt eaeabeeens A96-033
FLIR ettt ettt ettt ekt b et et et e st e st e bt eh e e E e b e At e n e es £ eR e R e e Ao b e R ea s en £ eR £ eR e ekt b e s ententen e en e e R e b et et ententene e bt eaenbeneen A96-068
FLOW SYSTEIMIS ...ttt ettt ettt ettt e b et sh et e bt et e sh e st e b e e et e s bt eat e e bt et e eb e e bt eut et e ebeenbeebeentesbeenbeebeennenne A96-171
FLYINE QUALTITIES ...ttt ettt ettt b et et e e et e bt et e b e s e e b em e e st eme et e ebeeeem s ententeseebeebe et enteneeneeseebeanenseneans A96-046
FOCAI VISTOM. ...ttt ettt ettt et s e st e bt e bt e a et et e st es e eb e bt ee e ek e ebeeeem s entem e eneebeebe et et eneeneereebesnenseneens A96-052
Foliage Penetration RAAT...........ooiiiiiii ettt ettt bt e et et e st e b e e bt et et et eneeseebesaenseaens A96-017
FOOM POTSOMINE ...ttt ettt ettt ettt ettt h et b e et e st ea e e h et e b e e em e es e es e e et ekt eb e s em s eneentes e et e eb et enteneeneeseesesaenseneens A96-138
FOTCE COMIIOL ...ttt et b ettt e b e bt e a et e e bt e bt e bt et e e bt e bt ebt e beeb e e st ebeenbesbeenbeebeennenne A96-007
FOTCE XXttt ettt ettt et b ettt ea e bt e b et e bt e bt e bt e bt e bt e bt e bt e bt e bt e bt e bt et e e bt e bt e bt et e sbe et e ebeenre et A96-122
Forward Looking INfrared (FLIR) .......couooieiiiiiiieee ettt ettt sttt s et e b et et e e s eseebeeneeseaens A96-057
FTACHALS ...ttt ettt ettt s et bt e b et et e st e h e h e ek e b e e e a s es e e R e eR e ekt b e R et e st e Rt en e e bt b et et ententene e bt eaeaneneen A96-002
FIaCture MECRAMNICS. ...c..iueeuieiieiiee ettt ettt ettt h ek b et et es e st e et b e b e se et ententes e e b e sb et e e eneeneeseebesaenseneens A96-166
Frog EMDIYO TEIATOZEIMES ......evititiuienieiiet ettt ettt ettt ettt et bt e e et em e es bt et et e e enees e nteneeneebeabe et e seneeneeseeseanensenaens A96-135
FURL €Ol ...ttt ettt b et et e s e st e et e bt e e et e e e s e ea e es e e bt eh e ek e b e s em e enten e eseeb e e b et et eneeneeneebennenneneens A96-177
Fuel Injection/ComBUSTIOON .......co.iiiiiiiiiei ettt ettt ettt et et et e s e et e e bt et et e s en et eneeseebeese et eseneeneeneesesaeaseeens A96-095
FULIEDOMY et ettt s et b ettt e st e s e eh e e bt b et e e em e eh e e bt e et ke bt b et e n e e Rt Rt ek e b et et e st e st ene e bt e aebeneene A96-092
FUNAUS CAIMIETA ...ttt ettt ettt ettt e e s e h et e e bt e e e s et e st es e eb e e bt et ea b e eheesem b eneenteneebeebe et et eneeneeseebesaenseneens A96-133
FUSTON PIOTEINS ...ttt ettt ettt ettt ettt e st e st e bt e bt et e b e s e em e es e e b e e et b e eb e s em s ententes e e b e e be s et eneeneeseesesaenneneens A96-134
FUZE ettt e et e et et e et e e et e e et e at e et e e ante et teen bt e nte et teante et aeanteenneeante e teeenseeneeenteeneeanreennaas A96-015
FUZIIE ¢ttt ettt s e a et h et et e e s e bt et e e bt e A e s e n e e st e st eE e b £ e Rt ke b e s enten e e Rt e Rt ek e e b et et ententeneeneeaenbentene A96-015
FUZZY LL0ZIC CONLIOLIET ...ttt ettt it a ekt b et e e e s et e e st et e ebeee e b ententeseebeeb et e b eneeneeseebesnensenaens A96-150
ALttt ettt ettt ettt ettt b et h et h et h et h Rt e bttt eh e Rt e bt e a ekt e bt bt e et eh e e bt e et e bt eb e e bt e bt et e eb e e et ebe et e she et e ebeenne et A96-119
Gas TUIDINE ENZINES......cuiiiieiieiieiiiitee ettt s et b et et et et e s e st ea et e s b e s e e eseenesee et e neeneenis A96-049, A96-045
GRATS ..ttt ettt ettt a bt ettt e bt bt e ettt e bt bt e ettt e a e bt bttt e bt bt e h et e e bt e bt bt et e bt e bt e bt et e e bt et e e bt et e sbe et e ebeenne et A96-151
GENETAL RESCATCH ...ttt ettt et a et b ettt e s e sttt e b et et e st e st es e e b e e b et et eneeneeseebesaennenaens A96-179
GEOACTIC RETETEICE. ... ettt a et a ke b et et e s e bt e btk e e b e et et e st en e e st e b e e b et et eneeneeneebesaennenaens A96-117
GEOPNYSICAL PIOTIIIINE .....eveeteeeteee ettt et h ettt s et e b ek e s b e et e b et en e e st et e e b et e e e st eneeneebesnenbeneens A96-115
P S ettt ettt ekttt st a etk h ket e R e Rt et eR e Rt R et e At e a e eh e Rt eR e ekt b et en e e st e Rt eR e ehe e b et et e st entebeebenaebeneen A96-072
Graphical User INterface (GUI) ........cooiuiiiiiieiei ettt ettt sttt et s et b et et et e st eseebeseebeneens A96-171
GTAPIICS -+ttt ettt ettt ettt et et e eb et e e st em e e st e bt e b et et e st ea e es e eh e e H e b et e s e ea e eh e Rt eR e ek e b et en e e st e Rt eR e ek e e be b et ententen e e bt e aebeneen A96-164
Ground Penetration RAGAT ..........ocoiiiiiiiei ettt sttt b ettt et s et e b et et et e st ere bt aenbeeens A96-017
GIOUNA STOCK ...ttt ettt ettt e st e bt e bt sttt e e e st em e es e bt et e b e eb e s emeenten e eseeb e e b e b et eneeneeseebenaeseneens A96-119
GTOUNA TAIZEES ...ttt ettt ettt ettt ettt et s e e bt e bt et et e s e st es e es e eb e et e b e e em s es e es e eb e ek e b e s emsemeentes e et e as et et eneeneeseebesaenseneens A96-105
GIOUNA VEIICIE. ...ttt ettt b ettt et s e bt bk e b e e e m e es e st ee e ekt b e s emteneen e eseebeebe b et eneeneeseebesaebeneens A96-150
Ground VehiCle ClassSifICatiON ........c.oetitiriirieieiet ettt ettt bt sttt e sttt s b st e et e st es e et e s b e s eneeneeseebeebenaeseneans A96-004
GUINFRUZZEA. ..ttt h ettt e st b e e bt e et b et e e em e es e e st e et b e b e s em e emten e eseebeab et et eneeneeseebesaeaneneens A96-015
HANAS-0FT CONIOL ...ttt ettt bkt be st e e s et e e bt ek e e b et en s e st enees e e b e e b e s et eneeneeseebesaenbeneens A96-031
HAPHIC INEEITACE ...ttt ettt ettt b e bttt e e a e eh e e bt e b ekt e b e e et enten e e st e b e e b e s et eneeneeneabenaenneneens A96-177
HArdWarE-In-the-100P ......c..eeeieiieitie ettt ettt ettt et et et e st eb e bt et e b et e se et e st en e eseebeabe et et eneeneeneebesaeaneneens A96-164
HB T ettt ettt et s st s ekt b ek et e Rt e Rt Rt Rt Rt Aot e Rt e a e eR e Rt e Rt ke eb et en s en e en e e Rt e b e e b et et e st e st ene e bt naeebeneene A96-018
Head Mounted DISPLAYS .....c.eeuiiiiiiieieieiiet ettt ettt ettt b et e b e e et es e s e eb e et e et e s et e st enteseebeebe et et eneeneeneebeaaenneneens A96-093
HEAA TTACKETS ...ttt ettt ettt bt e e s e et e bt et e e b e e et em e e st e st ekt eb e b em s emeen e eseeb e e b e s et eneeneeseebenaeseneens A96-094
HEAASUP DISPLAY ...ttt ettt etttk b et s et bt e b et e m e es e et e e bt ek e bt b et e st e st e st e bt e b et et en e eneer e e bt naeabeneens A96-078
HEAIT IMONITOTIIIE ...ttt ettt sttt a et e bt st e b et e st e st eb e bt et et em e b et enten e eseebeab e s et eneeneeneebesaeneneens A96-049
HEAE EXCRANZET. ...ttt ettt h ettt b et e s e st h et e b e s e m e es e st e et ek e eb e b emtenten e es e e b e s b et et eneeneebeebesaeneneens A96-178

Heat Transfer ENNANCEIMENT..........c...coiiiiiiiiieetee ettt et ee e et e et e e eteeeaaeeeteeeaeeeeseeeaseeeseeenseeeseeenseeaseeenseeeneeenseeenees A96-178



HEAVY-DIULY ..ttt ettt b et sttt e b et s bt et e bt e et e s bt e st e e bt e bt e bt e bt e bt et e e bt e bt e bt et e sbe et ebeenre et A96-157

HEAVY MELAL ...ttt ettt sttt b et b et ettt n bt nen A96-010, A96-008
HELICOPLET ...ttt ettt ekttt b et bt sa et ne b en et ee A96-049, A96-048, A96-046
Helmet Mounted DiSPlay.........coeeovreirieeniiieincinieiieeetnetsreene ettt saee e seenens A96-090, A96-078, A96-052, A96-031
HEMT ..ottt ettt h et b et a bt b et a e e bt b e bt e h et a ekt s bkt a bt a bttt b et e bt e eben A96-018
HEPALIEIS A VATUS ...ttt ettt ettt ettt b et e e s e st e h et e b e e em s es e st eseeb e eb e s em b eneemteneebeebe et et eneeneeseeseaneasenaens A96-144
HEPALIEIS E VTS ..ottt etttk b et e ae st e b e b e e e s e s e e st ek e eb e s em b en e emteseeb e e b e s eseneeneeseebesnenseneens A96-144
HE ettt b bbb et h ek h et a ket h et bbbt e bttt b st nn et neben A96-063
HECATE .ttt ettt b et st e bbbt a ekt s bttt n b e nen A96-073, A96-064
HIH MODILILY ..ottt ettt ettt ekt a ettt btk na bt a bt a et b et na bt enen A96-150
High Order LANGUAZES ... c..eeeuiemietietieteiteetei ettt ettt ettt e b st et e e st e st ebeeb e s e e s es e e st emees e ebe et ensenteneeseeseebe et eneeneeneeseesesneasenaens A96-075
HiZh OULPUL DIESEL ...ttt ettt h et e b et et e s et e e et ek e bt e e et et em e en e et e eb et enseneeneeseebesneasenaens A96-095
High Performance COMPULING ..........oouerieieieieitteieeteet ettt ettt ettt te st et et es e e s e eee et e st e e eneesteneeseeseebe et eseneeneeseeseaaenseaens A96-024
HIZI POWERT ...ttt ettt ettt a e bt eh e bt et et e st em e eb e e bt e et e bt eb e et em s eneem e eseeb e e b et et eneeneeseebeaaeneneens A96-063
HIZI SPEEA ...ttt ettt ettt b bttt h et et a e bt bRt ekt b e e et e n e e n e e Rt e bt e bt et et e st entere bt e nenbeeens A96-074
HIZh SPEEA TADIE ...ttt h ettt et a et b et et e s e st e st e bt eb e et et et en e e st e bt e b et et en e e st en e e bt naeeneaens A96-028
High Temperature SupercondUuCTOI(HT ........ccoiiiiiiiiieeee ettt ettt et b et et e e st eseebesaenbeneene A96-069
High Temperature TIIDOLOZY ......co.eiueieieieeieteiteet ettt ettt sttt et es et e e stk e s b e e en e et eneeseebeebe et e s eneeneeneesesaeaseaens A96-095
HONEYCOMD PANECIS ...ttt ettt b ettt s bt b e sttt et e st et et en e e st e b e ebe et et eneeneeneebesaensenaens A96-155
HOOKWOIIIS ...ttt e et a b a e se e et et en e e b e e e e e e e e e e e eneenesaenenneas A96-139
HUMAN ANEDOGIES «....cveneviiitciiietietc ettt ettt ettt b st a et eb ettt sa et a b eea et et enenaebenenen A96-134
HUMAN CALICIVITUS ..ttt ettt ettt eb ekt s st sa st s e btk et sa st aebe s eae st b st naeneanenen A96-144
Human Health EffECS.......c.ooucoiriiiiieiccerecesc ettt ettt ettt ebe bt be e enes A96-135
HUMAN PEICEPLION ..c..eitiitiiieieeeiet ettt ettt ettt b et e b e e ea e es e e st e et b et e et et et em e es e et e ebe et et eneeneeneebeaneasentens A96-097
HUMAN SYSLEM INTETTACE. ... eeuieuieeiitieieitee ettt b ettt s et b e st e et en e e st e b e e b e et e e eneeneebeebesaenseaens A96-047
HUMIAIEY CYCIINE ..ttt ettt ettt et s et b et e b e e em e es e e st e st b e bt es e e enteneeseebeab et enseneeneeseebesnensennens A96-165
HYDIIA SYSLEIMS. ...ttt ittt ettt ettt e ettt a bbbt ae st sebe st eaeaeeneneneenenn A96-011, A96-006

HYDIIAIZATION ...ttt e ettt h et e b e e st e a et e e bt st e s e s e st eae e b e b e b em s en e en e es e e bt e b et et enteneeneebennebeneene A96-144
HYAEAULIC DITVE ...ttt ettt bbb e st e h et e e bt st e b e s e st em e e bt ebenbem e eneenees e et e e bent et eneeneeseebesaenneneens A96-150
I L6 LSS UnH 5 Tor=1 5 (o) + DO RO A96-148, A96-141
Identification Tags.... A96-012, A96-009
TIMAEE ANALYSIS ...ttt ettt ettt ettt sttt b et et e e st es e ea e e bt et et e st ea e es e e st e et b e bt ke n b e st e st e st e bt ebe et et ententene e bt e aenbentene A96-002
IMAGE ENNANCEIMENL. ...ttt ettt e et b et e b e e st es e e bt e et b e st e st et e st enees e et e ebe et et eneeneeneebesaensentens A96-056
TMAGE INTENSTTICATION ...ttt ettt bttt a et b et et s et e e btk e b et e s e st enees e e b e ab et enteneeneeseebesaenseneens A96-176
TMAEE INTETPIEIALION. ... .e.eiteeeeiietietc ittt ettt ettt ettt bt et et e st e s et e e b e s e e s es e e st e bt ek e eb e b en s ententeseebeebe s et eneeneeseabesaenseneens A96-163
TMAGE PIOCESSINE ....euviueeiieiieiiitieieete ettt ettt sttt es bbb e e nee A96-168, A96-056, A96-019, A96-002
IIMAGET ...ttt h et bttt h et bt et b et he bt e b e et e bttt e bt et e e bt et e bt et she et e ebeenre et A96-019
IMPACE DAMAZE ...ttt ettt et b e e ettt eb bt e bt et e e bt e bt e bt e bt e bt e bt e bt et e e bt e bt e bt et e sbe et bt ente et A96-166
IMPAC ENEIZY ADSOTPIION. ...ttt ettt ettt a ekt b e st et e s e et e e bt et e e b e s et entenees e et e abent et eneeneeseebesnenseneens A96-089
IMPEAANCE COMNLIOL. ...ttt ettt ettt s e bt h et e b e s em e es e et e eb e ek e b e et en s emeenteseebeabe et et eneeneeneebesaenseneens A96-007
In-House Laboratory Independent Re...........ccooiiiiiiiiiii ettt ettt sttt A96-057
TNmSTEUL 1ttt ettt b bR H ekt bt ekt a st ekt s bt ekt na bt s bt ea et b st e bt e enen A96-064
INAUCHION BONAING ...ttt h et b et e a ekt b e et e et et et et e st e st et e e b et e s eneeneeneebesaebeneens A96-027
INFECHIOUS DISEASE ...c.uvviiiiieteietceitei ettt ettt eb bbbttt eb e bt a et a ekt s bttt sa st a b eeae st b st neebeanenen A96-141
INTALADIES ...ttt etttk ekttt s bkt na ekt s bt a et ben e ne bt enen A96-173
INFIALADIES SHEILETS .....vevvveiiiciiietciete ettt ettt ettt a ettt ekt btk et ss bt s b eea et b et naebenenen A96-174
INTIALION SYSEIMS ...ttt ettt bttt et b e bt e b b e b e e em e es e e st e bt eb e eb e b em s enteneeseebeeb et et eneeneeseebesaeseneens A96-174
Information ASSIMIIAION .......cccoveuiriiieiiieiiree ettt ettt e s bt e et et sa st a b e bt b et na bt nenen A96-025

INFOIMMALION FUSION ...c.vviiviiieie ettt ettt et e et e e eteeeaeeeteeeteeeaeeeaseeeaeeeseeeaseeseesnseeeseeenseeaseeenseeeseesnseeenees A96-023



Information Processing AIZOTITIIMS ........couiiuiiieiiiei ettt ettt b ettt s et e b et et et e st eseebesaebeneens A96-023

INTOIMALION TTANSTET ... .e.eieieieeeieteet ettt ettt ettt et s bt e bt et e b e et e et en e e s e et e e b e et e b eneeneeseebesaenseaens A96-047
INTOIMAtION WATTATE ...ttt s bbb et ettt e et ent e st et e e b e et e b eneeneeseebesaeaneaens A96-059
INETATEA ..ttt ekt b et bttt b ettt n et ne et A96-164, A96-064
Infrared Back@rOUNd CIULLET ........c.ciuiiiiitiiiiiee ettt b ettt e sttt e b et et et e st e st et e e b et et eneeneeseabesaeseneens A96-163
TNETASTIUCTUIE ...ttt ettt sttt h ket e s e st e s e h e e bt b e s e e em e es e e st ee e et e eb e s emsententeseebeebe et et eneeneeseesesaenseneans A96-113
INSULALIVE COMPONCILIY .....euetieiiitiitetesieiiett ettt et et es ettt te et et et e st eaeeseebese e be e eseemeeseebees e s eneensenseneenteneabeabe et enseneeneeseesesaeasennens A96-095
INtEIlIZENCE PrEPATATION ... .cueeuieiietiitieterte ettt ettt ettt it a et e b e st et e s et e e st et e ebees et eneeneestebeab et e e eneeneeseeseaneaseneans A96-059
INEEIIIZENT COMEIOL. ...ttt ettt ettt e e st et e bt e b e e em e es e e s e ee et e ebeeeem s enteneeseebeabe s enteneeneeseeseaaenseneans A96-006
INtelligENt TULOTING SYSTEIM .....eeuiitiitiiteitiieiieteet ettt ettt ettt ettt e st a et e b e st e e esee s e ese et e eb e s et et eneeseebeesentenseneeneeseebesaenseeens A96-066
INtETMEAIALE-TNIOISEULE ... ettt ettt ettt et e e s ettt b et e s e s e st e st et e eb e s s e b em e e s e ese et e ebeesemteneeneeneeseabe s enseneeneeneesesnensenaens A96-088
International COMMUNICATIONS........c.eettitirtiteteiett ettt ettt ettt ettt ettt e et eaeeseebesse et esee st eseeseebeesenbeneenteseebeasensenseneeneeseasesaeseneans A96-029
INErACTANIAL PIESSUIE ... .ueiuieiiitieiiit ettt ettt st h e bt et b et e st ea e eb e e b e et e b e eb e e em s eneemeeseebeabe et et eneeneeseesesaensenaens A96-132
INENSIC FIUOTESEIICE. ... ettt ettt bttt e et a et e b et e s es e st e st et e ebeeb e s entenees e e b e sbe b et eneeneeseebesnensenaens A96-148
TIIVEIIEOTY ettt ettt et b bbbttt e b e bt e bt et e bbbt e bttt b e et nh e a e e b bt e et ebeentes A96-012, A96-009
TR TMAZE ASSESSINENL. ....cuteiieitiiiieiiertteiteet ettt ettt ettt ettt eatesaeeat e s bt e st e st e e bt e bt e st e st e eat e bt es e e bt eb e e bt ebt e beebeenseeseentesbeenbeaneennene A96-163
TRFPA ..ottt b bt a bbbtk a R bRtk bbbt a st a bttt h et e bt neben A96-073
ITS ettt etk h et b b h et E btk h st e ket b ekt na bt a bt ea et b st e bt nenen A96-066
JOTMINE .ttt et b ettt s e st e s et e bt et e e s e a e e st ekt h e R et e st e e e eh e R £ e Rt ke b e b et e n e e Rt eR e e bt e b et et enteneere e bt eaeneneene A96-103
JOINE SEIVO COMIIOL ...ttt ettt e s e bbb e b e e ea e es e et e ee et e eb e et em b eneeneeseebeebe et enteneeneeseesesnensentens A96-007
JP-9 ANA DF-2 FUCTEA ...ttt ettt h ekttt s bt s et b e b et e et em e e st e b e eb et e e eneeneeneebesaensenaens A96-157
KCAIMAN Lottt ettt et b ettt b bbbt e h bt bt e bt bt bt e bt et e e bt e et e bt et e she et ebeenre et A96-129
KCTT@INE ettt ettt h et e s e st e st e bt b e ket e s e a e e e e e Rt Rt R e nten e e aEeh e R £ eR e ke eb e R en e en e e Rt eR e e b e ebe s et e st eneene e bt eaeabeten A96-118
LLADCLS ..tttk h bbbt b ettt n st ne et A96-012, A96-009
LANGUAZE ..ottt b et bttt b et e h et e b et b e et nh e st e bt bt e e ebeentes A96-121, A96-029
LaNGUAZE TTAIMIIEG  ....eviteneeieeiietiet ettt ettt ettt et s ettt et e b e e st eseeaeeh e et et e e emeeseeseee e b e b e esemteneeneeseebease s enseneeneeseebesnensenaens A96-176

Language TTANSIATION .....eoueiiieiieti ittt ettt bt e st b et e b e st e e es e e st es e et e eb e et et e st enteseeseabe et et eneeneereebesaenseneens A96-176
LLANS « ettt ettt ettt btk b st h ket Rkt eh ek e h st a ket eh et ket na bt a bt a et bea e e bt enen A96-177
LRI ..o h e et a et R b a ettt e e R e e e e e et e e ne e e eae A96-128
Laser-induced RetiNAl INJUITES ........c.coueitiiieieieiitieteset ettt ettt ettt es et b et e be e et e st e st ebeebe b et eneeneeseebesaeseneans A96-137
LLASEI INMJUIIES ...ttt ettt ettt ettt b et e et ea e st ehe e e et e s e s e em e es e e bt eb e ek e b e s emsenten e es e et e e be b et eneeneeseebenaebeneens A96-133
LASEI PLOTIIIIIE .ottt ettt b et s e st h ek e b e s em e em e e st e st e bt b e b em s eneen e es e e b e e b et et eneeneere e bt nneabeneene A96-120
LaSET RAGAT......cuiieiiicieieec ettt ettt ettt b et na et a bttt b et et enen A96-149
LaSEI REIMOLE SEISINE .....eueeuieuietiitiititeieitet ettt ettt ettt sttt et e st ebe e bt et et e s e emeesees e st e b e s em s emteneeneeseebeab et enteneeneeseebesaensentens A96-169
Lethal/NON-IEHNAL.......c.ciiieiiiiiieiiiccr ettt ettt ettt a et b ettt sa et a b eeae e bt na bt e enen A96-001
LIDAR ...ttt ettt ettt etttk E bkt a ket eh ekt na st a bt ea et b st e bt nenen A96-068
LIt WEIZNE STAZE ...ttt e ettt ettt b et e b et et e s e et e e bt et e eb et e s eneen e eb e et e e b et et eneeneeneebesaenneneens A96-028
LAGREWEIGNE. ...ttt b ettt e it e b e bbb et e s e st eh e bt e bt ke b e b et e n e en e e Rt e b e bt b et e st e st en e bt enenbeneene A96-157
Lightweight Structural COMPONENLS .........eueieiitietiitietete ettt ettt ettt et e sttt ebe st e bete st eseebesbesteseneeneeseesesaeaseaens A96-095
LAQUIA CIYSTALS ..ttt ettt ettt ettt b ettt e e st e st ea e bt et e b e e em e es e e st e st ek e b e b emtemtenteseebe e b et et eneeneeneebenaeabeneens A96-014
LAQUIA MOLAING ...ttt b ettt e e bt btk e b et em e es e e bt e et b e e b e b et eneen e es e e bt e b e b et eneeneereebenaenbeneene A96-145
LASO2 BAEIY ....eveviureienirieiiieteietet ettt ettt ettt et a et eb e bt b s b et ea et b st et a ket eb ekt na st a bt a et bt e bt enen A96-176
LAthIUIM BALETIES ....cevveniiiiicteietcee ettt ettt ettt sttt s bt bt na et s b e bt b et neebeanenes A96-146
Live & VIrtual INEEZIAtION ... cc.eeuiitiitiieieiiet ettt ettt b et e et eb bt ettt et en e et e st e st es e et e ab et et eneeneeseabesaenbeneens A96-091
LLOOMML et et h e et e R et e ettt e e h e s e et en e ne s neeae A96-022
LLOWC0SE ..ttt h et a e et a ettt e et e e et en e n e neeae A96-015

LOW FIOQUENCY RAGAL. ...ttt s bbbt e et e e st e st e b e e b et et e st eneebeebesaenneneens A96-017



LOW Liht LEVE] SENSOT ....ueiieiiitiitiieeee ettt ettt ettt ettt e et es bt e e et e b e s e s et eneeseebeebe et e s eneeneeneeseeseaseeens A96-062

LUMINE@SCENT MALETIALS .. ..c.eeueeeieiiite ittt ettt ettt b et e s be st em e es e et e ee et e be e e em b eneeneeseebees et enseneeneeneeseaneasenaens A96-033
VL9t t e t bbb e t bk e e e e h bbb bt b kbt b bbbttt b b b A96-100
IMACKINEG TIANSIALION ...ttt etttk ettt e bt e bt e b e e em e eh e e bt e e et e b e et et enteneeseebeeae et enseneeneeseesesaennenaans A96-029
IMACKINE VISION. ....uviiieiiitie ettt ettt ete e e ete et e e e e eteeeeteeeaeeeeaeeeaeeenseeeseeenseeessesnseeeseeenseeeseeanseeeseeenneenseeanes A96-163, A96-007
IMIINECIIAIICE ....nvetetietetetetenteie et et et te st et es e eseebeee e b e e e s en e es e es e ee e b e e emsem e emeea e eb e b e s emsemees e es e et e eb e s emtententeneebeebe et et eneeneeseebeenenneneens A96-170
Malaria "Plasmoditm FalCIPartum............ccoooiiiiiiiiieee ettt ettt s et e e bt et et e st en et ne b eene A96-136
IMALATTIA DIEIGUE ...ttt ettt ettt ettt e b e e st es e eh e e bt et et e e ea e esees e ee e b e ebeeben s enten e e et eheeb et et ententeneeneeneabeaens A96-142
MaMMALAN-DIETIVEA ..ottt ettt et a et b e st et et e st es e eb e st et et eneeseebeebe et eeeneeneeseebeeneaseeens A96-135
MANAZEIMENTE TOOL ...ttt ettt ettt ettt et s e bt e bt et e b e s e emees e e st eee b e bt ee e e ententeneebeebe et et eneeneeneebeenensetens A96-158
IMAIIPULALOT ..ttt ettt ettt s et h ettt e e st ea e e bt e bt e a e s e e e s e em e eb e e bt eeeeheebe s emtenten e eseebeeb et et enteneeneebeeneabenaens A96-007
MANUTACTUTIIE PLOCESSES .....evititiitiieieiiet ettt ettt ettt ettt b et e s e st a et e b et et es e e st eseebeeb e et et entenees e et e ebe et e seneeneeneeseanenseeens A96-103
MaSSIVELY Paralle]l PrOCESSOTS. .. .ccutiuiiiiitiitiieiieiiet ettt ettt ettt b et e s e st bt et e s b e e et et ene e st eb e e b et eneeneeneeseabesaeseneans A96-075
IMALEIX AQAIESSING ...ttt ettt ettt e et b et e e b et e e e s e e st es e ekt eb e s em s esees e ese et e ebeesentemtentemeebeab et eneeneeneereebesneasenaens A96-033
MBE ...ttt bbb bbbttt h ekttt b bbb bbb A96-064
Medical Diagnostic EQUIPIMENL ........cc.eiuiiiieieiiiieteieee ettt ettt ettt s ettt e et e e st ese et e seeneens A96-005, A96-002
MeEdical IMAZE ANALYSES. ....c.eeuieiiitiitiieieiet ettt ettt ettt et et e e st eae e bt et e e b et e e esees e ese et e eb et e b ententestebeebe et enseneeneeneebeeneaseneens A96-163
MetabOliC ACHVATION SYSTEIML.....eeuiititeteteiietiett ettt ettt ettt et et e s eseeaeeteebe et e e eseeseese et e eb e sensententeneeseebe et eneeneeneeseesesneasenaens A96-135
IMEEAL-HYATIARS ...ttt ettt h ettt a e st et e b e e et e st e st e ae e bt e bt ee et en e en e e st e bt e bt et et e st e st eneeheebeabentens A96-175
Metal MAtriX COMPOSIEES -....everirtirteieiestetieteeteeteteee e eseeteeteetesbeteseeseeseese et eabe s emsemeeseese et e abeesensenteneentesease et enseneeneeneasesnensennens A96-045
IMLEEALLOPIOTEASES ...ttt ettt ettt ettt et et e e st h e b et e e st eaees e ebe s e e b et e s e em e es e eb e ee e s e eb e s en s ententeneebeeb et et enteneeneebenaebeaen A96-138
IMEEIYT SALICYIALE ... ettt ettt s et b et e b et e m e es e st e et b e e b et et eneen e es e eb e e b et et eneeneeseebeanenseneens A96-110
IMECTO-ERITAIN. ...ttt ettt ettt b et e st e st e st eb e b et e e st em e es e eb e e b e b et e s e em e es e e bt ee e ekt eb e s emtententeseebeeb et et eneeneeseabesaenseneens A96-092
MicroelectromeChaniCal SENSOTS .........ciuirueirieiitietertet ettt ettt ettt et et et es et e eee et e te e eseeseeneeseebeabe s eneeneeneeseebesaeseneens A96-170
IMECTOTODITICS ...ttt ettt ettt et b ettt et e s et h ekt b et e a e e s eae e st eb e b e e em s emees e ese e b e eb e s emtemten e eneebees et et eneeneeseebesaeseneens A96-030
IMICTOWEVE ...ttt ettt ettt e et e s et eb et et e st e st e st e bt eb e et e s e s e em e es e ese e bt ket em s em e esees e ee e ebeeb e s emsententeseebeabe s et eneeneeseebesnenseneens A96-018
IMECTOWAVE DIEVICES ...ttt ettt ettt e ettt b et e e st e st es e bt e et b e e e s e em e es e e bt e e e b en e e eeemsemtenteneebeab et ententeneeseabesneasennens A96-069
IMECTOWAVES (IMW ).ttt ettt ettt ettt e e et et e e st e beetaesbeessessesseessaessessesseess e seessa st e essansee s e essenseassasseessenseassassesssensenssansanes A96-152
MILES ..otttk h bbbkttt b bbb b b A96-176
Military Storage ENVITOMMENT ........c.ooiiiiiiiiieiiet ettt ettt ettt ettt ettt ee e st et e sb et et et enees e et e sbe et e eeneeneeseebesaeseneans A96-165

IMIIHINEEET WAVE ...ttt ettt e e e e et e e et e e eateeeseateeesataeesamaaeesanseeesnsaeesanseeesneeesaneeessnnneesnns A96-018, A96-152
IMINE DIEEECTION ...vevviutieeieieeitetiett ettt et e it et e steestesteesbeeteessesseessesseessesseassassaessasseassassaessanseassassaessenseassassesssenseassassenssessenssensanss A96-065
IMISSILE ..vvveettiteeete ettt ettt e ettt et e et e s teett e be e st esteessesbeess e s e essesseasse s e essesseas s e s e essenbeess e st e eRs e be et s e teestenbeestente et s enseessenseeteenteaseentens A96-164
MISSI1E SEEKET MOEIINE ......eeevietiitiieete ettt et a ekt b et e s e st e stk b e b et et enees e et e sbe et et eneeneeneebesaenseneens A96-163
IMISSION=CIIHICAL SOTEWATE ... eeutiieieiiiiieiieteete ettt ettt ettt et e st e et esbeeseeteese e beessassaessessaassassaessanseassassasssenseassessenssansenssansenes A96-075
IMISSION PIANIING ...ttt s bbbt et e st e s e es e e bt et e st et eneeseenesee b eeeneens A96-117, A96-053
IMIEXAILE .ttt ettt ettt ettt ekt e b et et e st e st e et h e eb e ket eat e Rt eE e e Rt ARt R et e R e eR e eE £ Rt eR e ke b e s en s e st e Rt ee e e b e b e s et ententeneebenaeneneen A96-085
Mobile Data COMMUNICATIONS ......cveevverierierresieesteeteessesseesesseesesseesesseessesseessasseassessesssesseessassesssesseessessesssesseessessesssssseessessens A96-177
IMOAE NEEWOTKIIEZ ...ttt ettt ettt ettt b et b et e e s e et e bt et e b e s em s emees e ese ek e bt et em s eneenteseebeebe et emteneeneeseabesaensennens A96-055
IMIOGEL. ...ttt ettt ettt ettt ettt e et et et e st e st e teete s b e s e st e st e st et e ebeea e b e et e st e st ese ks ete et e ebe b este st e st ereeteebe s et essersereeteeaebentens A96-128
IMOAEIINE. ...ttt ettt bttt e b e st e s e st s e st e et en e e s e st et e st s e s et et enteaene et ene s et et eneneee A96-138, A96-046, A96-026
IMIOEIS ...ttt ettt ettt ettt et e st e e st e beesaesteesae b e ess e s e esaesseess e st e essenseassesseeseenbeesees b e ek s e bees s et e es b e beestenbe et s enseassenseeteenseaseensans A96-118
IMODSAF ...ttt ettt ettt ettt e bt e te st e s e s s eseeseeteeteeae s ess e st esseseeaeebeeb e b e st essese et e eaeteebe b es b e st e st ereeteebe s et ersessereeteetebertens A96-177
IMMOAUIE.......tievieiieeteettete ettt ettt et et e e bt et e e st esbeeteesbeeseesseeseesseessesseessess e seessenseessasseessa s e essenseessassaessenseassenseessenseessessenseesseaseensens A96-158
IMOLECULAT BIOLOZY ...ttt ettt h bbb e b et ea e es e e bt e e e b e bt et et enten e eseeb e e b et et eneeneeneebesaenneneens A96-136
MOIECULAT MOAEIING .....ceviiinieiieiieieet ettt ettt b ettt e st ebesaeneneenen A96-136, A96-131, A96-008
MONOCIONAL ANEIDOMY ...ttt ettt ettt s et b et e b et e st es e st e bt ek et et e e e st en e eseebeab et et eneeneeneebesaenbeneens A96-142
MONOLIthiC HYDIIAIZATION ...ttt b ettt b ek e s b et e e e st st et e e b et et e st eneebeebesaenbeneens A96-084

IMLOSQUILO .ttt ettt ettt et et eb ekt e b et et e st e st e st eh e et et et em e em e ee £ eh e e et s et e s e em e eh e b€ eR e ke b et en s e st e Rt eR e e b e e b e b et e st enteb e e bt naenenten A96-142



IMLOTION ...ttt ettt ettt e ettt e e et e e e et e e eate e e e eaaeeeeetaeeeesseeeeateee e sseeeantsseeaasseeestseeanetaeeeataeeeaaeeeaateeeanteeeaataeeeantaeeeanteeeateeeeannes A96-093

IMIOTION SEISOTS ...veuvveuvierresteeetetiettetesseessesseessesseessesseessessaessasseessasseessanseassasseassasseassassasssasseassassasssenseassessesssesseessessesssessenssessenss A96-015
Motor Controllers ACtiVe HAIMNOMIC ........ccviiiieiiiiieieiieeteti et ete et et et eaesteesaesbeesaesteesaesseessessasssesseassesseessesseessassesssessenssensenes A96-156
IMT L. ettt ettt ettt et et e e bt et e e st e beessesbeess e s e eseesbeass et e essesse et s asseessen b e e st e st e ess e bt e st e s e estenbeestenbeetsenseessenbeeteenbeessenrens A96-071
MUTE-PEISPECLIVE RISTA ...ttt h ke b et e e s et e e st et e e b e s et et eneen e e b e ebe et et enseneeneeseeneaseaens A96-030
IMUILI-PRASE FIOWS ...cuvieviiiicitiiieieeie ettt ettt et et e et e b e e ttesbeeteesbeeseessesseessaseessesseessaseessassaessanseassasseessenseassassesssenseassansenes A96-085
Multichip MOAUIE (IMCIM) ..ottt ettt ettt s et a ek e b et et es e e st e et ek e e b e s en s eneenteneeseebe et e s eneeneeseesesaeaseaens A96-084
Multidrug Resistant FalCiparim Ml ............coooiiiiiiieeee et ettt ettt ettt et e et eseebesaenbeneene A96-136
IMUTEIPLE TSI ...ttt ettt et h e bt e e s e st e st eh e e b e b et e s e em e es e bt eeeeh e b e s emtemtemtes e et e eb et et eneeneeseeseanenseneens A96-094
IMUIIVATIADIE COMNTIOL . .vivviiiiiiitieieeie ettt e ste ettt e e steettesbe et e teesseseessaseessasseessassaessasseassasaessasseassasseessenseassassesssessenssensanss A96-006
IMIUSEATA. ... ettt ettt ettt te et e st e e st e s beesbesteess e beessasseessesseessesssessenseassa s e essasseessassaessanseessassaessenseassesseessenseassasseessenseaseansens A96-143
INVIZATION ..ottt ettt ettt b ettt e e e e st ee e eb e et e b e e emees e es e ea e eE e b e s em s eseesees e ebeeb e s em e ententeneeb e e b et et enteneeseebeenenbentens A96-172
INDE ..ottt ettt ettt ettt et e st e et e e be e st e be et e e b e e st et e e Rt e s beast et e eRt e be et b enbeesten b e e st e st e eRa e bt et s e tees b e beast e beeseenbeessenseeteenbeaseentees A96-005
INDIL ...ttt ettt ettt et et e et e e bt et e te e st e be e st e beessesbeass e b e e s b esbeess e s e esteabe et s e st e essenbeettesbeeR s e bt est e tees b e beestenbeettenseassenseeteenbeaseentents A96-005
IND T ..ttt et et et e ett e be e st et e e st e beessesseessesseassesseesaesseasse st e essenbe et s e st e eR s en b e e st e s b e eRs e bt et s e taes b e beestenbeessenseassesseeteenbeaseenbens A96-005
INETVE AZEIIES ..ttt ettt ettt ettt ettt ea et bt e et s bt e st e bt e et e st e eat e bt eb s et e ebeea bt e bt et e eb e et e es s et e eb e e bt ebt et e ebeemseebeentesbeenbeabeennenne A96-143
LA o) PSSP A96-158
INCEWOTKS ..ottt ettt ettt e et e st e et e et e et e e s teeeaseessteesseessseanseeasseensaeasseenseeessaenseeanseeasseensaennseanseeasseenseeenseenseeenseenaeanneenneas A96-122
INCUIAL COMEIOL ...vitiitieeieteeitete et ettt et et et e eteesbeeteesbeeteesbeeseesseeseessaseessesseessasseassa s aessasseessassaessenseassassesssenseassassesssenseassansenes A96-006
INEUIAL NETWOTK (ININ) L.eiiiiiiieiieieie ettt ettt ettt et e st et e s bt esbeeteesseeseessassaessasseessassaessasseassassaessanseassessasssenseassassesssessenssansanes A96-057
INEUIAL INEEWOTKS .....veeevee ettt ettt e ettt e e e e eteeeteeeaeeetaeeeaeeenteeeseeenseeeseeenseeeseeenseeeseeanseeeseesnneenseeanns A96-168, A96-104
INCUIOTOXII 1.t euveveeuteeteestesteestesteestesseessesseassesseessesseassassesssesseessassesssassaassassesssassasssessasssessasssessassaessesseassasseessenseassassesssensenssnnsanes A96-138
INCULTALIZE ©.vvieevenreeiieiiett ettt et e et e e e te et e steesa e beesbeeteesaebeesse et e essesseassasseessanseessasseessanseassassaessenseassesseessenseassassesssensenssansenss A96-143
INEW CREIMICAL ENEILIES ...euviiviiiieiieiiciietiett ettt ettt et et et e bt estesteessesbeessasseessasseassasseessasseassassaessasseassassesssenseassassesssessenssensenes A96-136
INTZIE DIITVIIZ .ottt ettt h ettt et e bttt e bt e s e s e st e st et e e b e s e e s emees e es e ek e eb e s emseneen e eseebeebe b et eneeneeseebesaeseneens A96-176
INON=AESIIUCTIVE ..vvviiuvietieeieeteetteeieeteeteette bt etesteetaeseessesseesaesseessesseessessaassasseassassaassassasssesseassassaessanseassassasssenseassassesssensenssensanes A96-064
INON-INVASIVE SCISOT ....vieutiitieitiettestesteesteettetesteestesseessesseessesseassassesssasseassassesssasseessessesssessessssssesssesseassessesssessesssessesssessenssessenss A96-132
INOD-HNEAT OPLICS .ttt ettt ettt ettt et et e st e bt eb et e b et e s esees e e bt et e b e e em e es e e st ese et e eb et enteneentes e et e e b et enteneeneeseabesaensennens A96-014
INONAESIUCTIVE EXAMINATION. ... .cuviiiiiiiitieieitieteitieieste et e ste et et e steesbee st essesteesseeseessessaessesseessessaessasseassassessseseassassesseessenssessenss A96-005
NONAEStIUCTIVE INSPECLION ...ttt ettt ettt b ettt e e sttt b e ee b e be s et eseenesee b eeeneenes A96-005, A96-002

INONAESIIUCTIVE TESINZ ...ttt ettt ettt sttt s bbb e b et e e s e es e ebe et e st e s eneeseeneseeebeneeneenis A96-005, A96-002
INONINEAT CONIOL ...ttt ettt ettt ettt eb e bt a et eb e bt s e bt st b e s eb et et et sa st s ebe e eae st s st naeneanenen A96-006
INOTWALK VITUS ..ottt ettt ettt b bttt a et bt ettt s e bt ekt sa bt s b eea et b st naebeanenen A96-144
Numerical ACOUSHICS RESCAICH ........c.ooviuiriiiiiiieiiicii ettt ettt ettt sae bbb enes A96-098
INUMETICA] COMPATISOI ...ttt ittt ettt ettt et e ettt eb et et et emeeseebeebeebe b e s e emeesees e e e e b e s emsemtententeseebeabe s emseneeneeseesesaensenaens A96-120
OBS COSES vttt ettt ettt ettt b ettt b bttt b bbbttt b sttt h kbt b bbbttt b b A96-099
OCUIAL TIJULIES ..ttt ettt e et b ettt e st e st ebe e bt s e b e s e em e es e st eee e b e b e s emsenteneeseebeebe s et eneeneeseabenaeseneans A96-133
(@511 107 o OO OO OO RSOOSR PSSRSOt A96-092
O CRIP PIOCESSING ...ttt ettt ettt et e st e bbb et et em e es e e bt e e e b e bt ee et eneentes e et e abe et et eneeneeseebesaenseneens A96-019
Operating AN SUPPOTT COSES .....eoveuireienietieieeteet et ettt et ete et et et eseeseetesseetesbeseeaeeseeseaeeebesbenseseententeseebeabe et enseneeneeseesesaenseneens A96-179
OPEration ENVIFONIMIENTS .......eouiiiiitiitiieieiiet ettt ettt ettt et ettt be st et et e e eseeb e bt see b et ene et eneenees e et e ebe et et eneeneeseebesaenseneens A96-003
Ophthalmic DIug DElIVETY SYSIEIM. ... .cuiieuiiiiitiitiiteiete ettt ettt ettt es et ae et et e st et e st et e st e b e sbe st et eneeneeseesesneaseeens A96-137
OPNENAIMIOSCOPY .-ttt ettt ettt ettt et et e sttt eb et et et e s e es e es e e bt ke b e e em e es e st ee e b e b e s em s emeenteseebeab et et eneeneereabenaenenaene A96-133
OPLICAL AMIPITIETS ...ttt b ettt a bbb e e et es et e e bt ek e e b e s em e e st enees e e b e e b et et eneeneeneebesaeaneneens A96-079
OPLICAL ASSCIMDIIES ...ttt ettt ettt ettt ettt et e st e bt e bt st et e e e s e em e es e e bt ee et e bt s en s enten e eseebeebe b et eneeneeseebenaenneneens A96-015
OPtical BEAMTOIIIING ......cteuiiiieiietiitieiet ettt ettt a et b e e et e s et e bt et e e b et et e st enees e e b e sbe et e e eneeneeneebesaeneneens A96-167
OPLICAL BEAMSIEETIIEZ. ¢.. . euveueeuietietiitietetetee ettt ettt et ettt ettt e b et et e s e st e st et e ebe s et emees e ese et e b e s entententes e et e sbe s enteneeneeneebesaebeneens A96-167

OPLICAL COMEIOL ...ttt ettt e et b et e b et et e s eh e bt et e b e e em e es e e st es ek e eb e s emtenten e es e et e sbe s et eneeneeseabesaeneneens A96-167



Optical Diagnostic TECRMIGUES .......c.eeutitiiteieieiiet ettt ettt ettt et et et et e s et e st et e st e e en e e eeneeseebeabe et eeeneeneeseebesaeseneans A96-086

Optical Electronic INtEEIAted CiIC ... ..eruiieuieiietiriiiteiet ettt ettt ettt ettt s b et e e et e st e b e e b e et e nteneeneeneeseeneeseaens A96-152
OPLICAL FIDOT ...ttt ettt e a e st e bt e bt e b et em e es e e bt ee e e bt ebeeb et ententeneebeeb e et et eneeneeseebesnenbeneens A96-172
OPLICAL INTEICOMMECTS ...ttt ettt ettt ettt et e et e e b e st e e e e st e a e es e e bt s e e s em e e s e ese et e ebeebenseneemteneeseabe et emteneeneeseesesnenseaens A96-084
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Optoelectronic INEGIAtEd CATCUIL ........eo.iitirtirieieiiet ettt ettt ettt e e e st et e e bt st et et eneeseebesbe s enseneeneeseabesaenseneans A96-084
Organic MatriX COMPOSITES ... ..c.eruirteteieiietieterteeteet et et esteteeteete et e teaeeseeseeseeteab e s enseseeseeseeseebe et ensensenteneesease et enseneeneeneesesnensennens A96-045
OFZANIC SYIMEHESIS ...ttt ettt ettt ettt ettt et s et e et e e b e e e e s e s e e st ea e et e ebese e s emeeseeme et e eb e et ensententeseebeas et enseneeneeseaseanensennens A96-136
OSCRu ettt ettt b btk h b b h ekt h e h et h e bt ekt h et bt e st a bt ea et bt et neben A96-179
PACKAZING ...ttt ettt ettt bkt b et et e st ea e e b ek e b e e e n e en e e Rt e R e ekt b e e e e n e en e e Rt e bt e be et et ententeneebeeaenbetens A96-152
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PasSIVE TaArEt ACQUISIEION ...eueeuiitiititeietet ettt ettt ettt ettt et e e st ete e bt et e be e enees e e st ese et e b ensembententeseebeabe et enseneeneeseeseaneaseaens A96-004
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PUISE GEINETALOTS .....c.ventiireierietie ettt ettt ettt ettt e bttt b bt e bbbt ettt eb e e b st s e st st bt s eb et ek et sa st st ebe e eae et enenaebeanenen A96-168
PUTTFICALION ...ttt ettt b ettt b ettt b bt e b bt st bt eb et ekt na bt aebe e eae et enenaebeanenen A96-134
QISAR ettt bbbt h ke h st a ekt eh et bt e st a bttt b et et nenen A96-131
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RECOZNILION (ATR) .ttt ettt b et b et e et et e st es e e bt ettt e b e e em b eneeneen e et e ebe s et eneeneeseebeanenseneens A96-057
RECOMIDINANT ...ttt ettt ettt e et e et e b et e b e s e st ea e et e e bt s e e s emees e eseeb e b e esemsenten e eseebeeb et emeeneeneeseabesaeseneens A96-134
REAUCEA TIME ANA COSE..cutineiuieiietiitietetete ettt ettt b et et e st a et e e b et e s es e e st es e et e eb e s et entenees e et e ab et enteneeneeseebesaensenaans A96-016
REfIECTANCE IMOAEL ...ttt ettt h e bbb e e st eh bt e e e b e b et et e st en e e st ebeeb et et eneeneeneebesaenbenaens A96-101
REIMEAIATION ...ttt ettt et ettt h et e e s ea e e bt et e b e e et es e e st eseeb e b e s em b ententes e e b e e b et et eneeneeneebennebeneens A96-010
REMOTE DAtA ACCESS ...oeeeeieeeeeeeettteeee e e ettt e e e e e e e e e e e e et eeeeeeeeeaaeeeeeesessstareeeesessssaeeeeseeesssasesesesssnsssnseeessanneneees A96-012, A96-009
REMOtE DAt DEPOSITION ......eeuietiititiiteieieiet ettt ettt ettt a e bttt st et e et eseebeeb e see b e sbe s eneeneeneseeebeeeneenis A96-012, A96-009
RemOtely PIloted ATICTATT. ... ..ooiitiiiiieeee ettt h et b ettt et e e st e ke e b et et et eneebeebesaenbeneens A96-115
RESIAUAL STIENEE. ...ttt ettt a et e bt s st e bt b e b e b et entene e st e b e eb e s et eneeneebeebesaenseneens A96-166
RESIN TranSTer MOLAING ......c.eeueeiiitiiiiieee ettt ettt ettt s bttt b et e e et e st e st et e eb et et eneeneeseebesaenseneens A96-145
RESOUICE DISPIAY ...ttt ettt ettt ettt et b et et e st e h et e e b et e s em e e st e st ek e b e s em s eneentes e et e e be s et eneeneeseebesaenseneans A96-080
REHNAL DISEASES ... vttt ettt ettt ettt et et e et eb et e b et e st e st es e e h e et e b e e em s esees e eb et e b et emteneentes e et e ab e s et eneeneeseebenaebeneens A96-137
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RUSK ASSESSIMIENT .......cuviitieeeieeetee et eteeete oot e ete e et e ettt e e e e eeteeeaee e teeeaseeeseeeaseeeseeeaseeeasesaseeaseeeseesnseeseeenseeeseeenseeaseeenseeeaseenseeennes A96-135
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SCALEETIIIZ ...ttt ettt ettt et e e ettt e b e et et e e st e st e st eb e et et e s e em e es e e st eh et et en e en e ee e ee e eh e eE e b et et en e eR e eh e ek e b et et eneen e eneeteenenenes A96-127
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SCIENTITIC VISUAIZATION. .. .eviiieitietieiieie sttt ettt ettt et e st e et esteesaesteeseesbeessessaeseessesssessesssesseassassasssenseassessesssensenssensesssensenses A96-024
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SECULILY PIOAUCES ...ttt ettt ettt bbbt et e e st e st eseeb e et e e e e eneebeebeseeneneennas A96-012, A96-009
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SENSOT COTTEIALION ....vevvetieiieieettet i et et e et et e et et e ste et e eteesseeteessesseessesseessesseessessaessasseassesseessenseassessasssensaassassesssensenssensesssensenses A96-071
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A96-001TITLE:Dual-Effect (Lethal and Non-Lethal) Weapons

CATEGORY: Exploratory Development

OBJECTIVE: To design, analyze, develop and demonstrate new, advanced concepts that provide both lethal and non-lethal
target effects from the same direct fire weapon system/munition. The non-lethal capability will temporarily
incapacitate/immobilize personnel targets without lethality, serious injury, or irreparable effects. Concepts should be dual use
applicable to law enforcement or with other direct technology transfer capability to private/commercial sector.

DESCRIPTION: Reduction of potential logistics burden created by multiple different types of non-lethal munitions/armament
systems may be essential considerations in fielding of future weapon systems which will be used in both combat and OOTW
missions.  Novel, advanced concepts that specifically address dual-effort (lethal and non- lethal) capable weapon
systems/munitions where one weapon system and/or munition can be used in both lethal and non-lethal scenarios, based on
operation controlled/activated mechanism (either manual or automatic) are of interest. Advanced concepts which address
integrated mechanisms for adjusting projectile velocity, shape, or in-flight target impact performance, and the resultant target
effect (lethal/non-lethal) use are of specific interest. Concepts must be applicable to one or more of the following calibers, listed
in order of expected prevalence: 5.56mm, 20mm, 40mm, 12 gauge and 9mm.

Ideally, concepts will address one or more of the following attributes:

1. Near instantaneous, real-time, pre-firing selection of loaded ammunition (i. e., chambered ammunition, attached magazine, or
muzzle launched) for either lethal or non-lethal target effect.

2. Lethal and non-lethal target effects from same system/munition at effective ranges comparable to standard ammunition or 10
meters minimum and 500 meters maximum.

3. Fool-proof/fail-safe selection/activation of desired target effect for the scenario such that a lethal round is not fired in a
non-lethal situation, or vice versa.

4. Ability to automatically cycle weapon and chamber next round even after firing in the non lethal mode.

PHASE I: Conceptualize and design, as a minimum, and build and test prototype item(s) with above attributes.
Demonstrate vitality of concept through analysis and/or simple prototype fabrication/lab test. Obtain contingent provision of
funding commitment for potential Phase III effort.

PHASE II: Develop, construct, test and deliver one or more working prototypes for government verification of concept
performance.

POTENTIAL COMMERCIAL MARKET: Future weapon systems/munitions for federal and local law enforcement.

A96-002TITLE:Analysis Of X-Ray Images Using Wavelet & Fractal Methods

CATEGORY: Advanced Development

OBJECTIVE: Develop an x-ray data analysis system in which fractal and wavelet analysis methods are integrated with more
traditional methods of analysis for analyzing x-ray multi-spectral images for identification of objects, object positions, and
composition.



DESCRIPTION: The Army needs a limited but fairly numerous set of parameters that could be quickly calculated from x-ray
radiographic images. The set of parameters must be adequate to identify and differentiate with a very high level of probability a
host of materials both man-made and natural as seen in the radiographs.

The proposal should address the following unique attributes of the radiographs. An x-ray radiographic image is the
superimposed shadow of all materials between the x-ray source and the imaging device. To a large extent the pixel value or
density is a function of the distance through an item normal to the image plane. Curvature of an item can be extracted from the
change in the pixel values across an item. The edge of an item often is seen as a sudden change in the rate of change of intensity
across the image. The complex effect of superposition may be partially calculated out through careful logic. Natural substances
should portray a different fractal content than man-made objects. Consideration should be given to combining wavelet
transformations with fractal analysis, and calculations of first and second order changes in intensity across image segments. The
images to be analyzed are actually a set of images, each image consisting of a different spectral band. The different spectral
images are all spatially registered.

PHASE I: The Phase I proposal must include a first set of parameters to be calculated and the basis for their choice.
The proposal must demonstrate familiarity with radiographic images. The proposal must show a logical and realistic approach to
determining an all encompassing set of parameters for identification of objects in radiographs. The Phase I objective will be to
calculate the proposed set of parameters for a representative set of radiographs to be provided by the Army; to demonstrate how
well they identify and differentiate items in the radiographs; and to propose a more appropriate and thorough set of parameters to
be worked on in Phase II.

PHASE II: Develop, construct, test and deliver a complete set x-ray data analysis algorithms which meets the objective
of the solicitation. All of the algorithms must be interfaced as a set of functions to the National Institute of Health's "NIH
IMAGE" program and placed in the public domain. A second version must be interfaced to an Army custom x-ray image
processing system. All algorithms must be designed to process both eight and sixteen bit data, and to process images of
mega-pixels in size. Algorithms must be very fast.

POTENTIAL COMMERCIAL MARKET: Potential military and commercial applications include radiographic and
tomographic inspection of munition items, vehicle components, manufactured items, and medical diagnosis. Algorithms
developed for radiographs should have use for analysis of visible light and infrared images as well. Applications would include
machine vision, target identification, robotics and similar image analysis areas.



A96-003TITLE:Fire Detection and Warning System Technology

CATEGORY: Exploratory Development

OBJECTIVE: Develop a low cost compact system that detects fire at an early stage and provides early warning for ammunition,
fuel, and other hazardous material storage safety applications to enhance soldier survivability.

DESCRIPTION: Ammunition storage areas are not equipped with a fire warning system because no such system is available.
Subsequently, many lives and vast quantities of property and material are lost as a result of fire due to accidents or enemy
actions. The accident that occurred at Camp Doha, Kuwait after Desert Storm is a good example. That accident was initiated by
a fire and caused the loss of millions of dollars worth of weapons and ammunition, and the loss of several lives during the
cleanup operation of scattered munitions. That accident could have been prevented if the fire was detected at an early stage and
quickly extinguished. Significant progress has been made in light sensor technology in the past decade. Various types of high
quality light sensors have been developed to detect different light spectrums and are producible at very low costs. A system can
be developed exploiting the technology advances in sensors (light or other) and early warning equipment to detect a fire in its
initial stage and initiate a warning signal. The technical issues of the fire detection and warning system include: the ability to
detect and locate fires quickly and cover a large area (from 1000 square feet to several square miles) over a wide field of view,
robust design, function indoor and outdoor at the same temperature ranges required for ammunition (-60 to +165 degrees F),
operate with standard Army and commercial batteries as well as 115 volts (AC), generate an audible warning signal that can be
heard within 100 yards of the ammunition storage area, environmentally safe, compact, and lightweight.

PHASE I: Investigate new and innovative sensors to detect fires at an ammunition storage area. Establish preliminary
design criteria for the sensor and audible warning system. Select the types of sensor and audible warning system technologies
that are potential candidates for system development. Determine physical and performance characteristic required of the total
sensing and warning system. Determine the configuration of the assembled sensors and warning system.

PHASE 1II: Develop test hardware, and plan for the detection and audible warning system components (sensor and
warning mechanisms) and total system. Fabricate prototype test hardware, conduct testing on the prototype, and provide a final
report that includes the specification of the system, unit cost, and test results.

POTENTIAL COMMERCIAL MARKET: The technology developed under this program may be utilized in any commercial

storage and warehouse situation. The system will provide early detection and warning against fire and will aid in the prevention
of life and property loss.

A96-004TITLE:Ground Vehicle Classification by Acoustic Emission Exploitation

CATEGORY: Exploratory Development

OBJECTIVE: Develop improved signal classification capability utilizing advanced, programmable pattern recognition (PPR)
techniques.

DESCRIPTION: The Army is currently developing and/or employing acoustic sensors for surveillance, intelligence gathering,
and target acquisition functions (detect ion, classification, tracking, etc.). Low-cost, computationally powerful, Digital Signal
Processing IC's are now widely available that can execute sophisticated signal processing techniques that extract and exploit
information from acoustic emissions of, for instance, ground combat vehicles.

The identity, or more generally, the classification of an acoustic emitter is essential for assessing the threat it imposes to friendly
forces. Contemporary classification techniques employed to categorize ground combat vehicles have, for the most part, been
statistically based and have exhibited acceptable performance cap abilities in a medium to high signal to noise ratio scenarios.
However in the low SNR situations, such as a vehicle at extended range, or a collection of vehicles, the performance of these
same algorithms is substantially degraded.



The development of robust and innovative signal classification algorithms that employ advanced pattern recognition based signal
processing is desired. Such processing would be capable of extracting recognizable features from acoustic emissions produced by
ground combat vehicles. The prospective pattern recognition algorithm might exploit features from multiple processing domains,
i.e. time, frequency, spatial, parametric. The algorithm must be robust enough to encompass normal variation of signal pattern
descriptors. The approach should be flexible enough that signatures of observed sources can be incorporated into the algorithm
without extensive modification. The algorithm should be innovative in that it should extend the capabilities of existing classical
pattern recognition algorithms or be an entirely different and novel approach.

PHASE I: Develop methodology and algorithmic approach to novel PPR concept. Demonstrate the basic capability and
effectiveness of the chosen approach, preferably, by playing the algorithm against existing tactical vehicle acoustic data available
from the sponsor.

PHASE II: Refine the chosen PPR approach. Assemble the necessary hardware to demonstrate a real-time PPR
capability. Expand the capability of the algorithm to discriminate multiple sources simultaneously and/or operate in a noise
contaminated environment.

POTENTIAL COMMERCIAL MARKET: Rotating and reciprocating machinery diagnostics, failure mode prediction.

Classification of small engine fixed-wing aircraft for drug trafficking surveillance/interdiction. Medical diagnostics, for example,
fetal heart and umbilical bloodflow abnormality detection and identification. Voice detection/recognition.

A96-005TITLE:Computed Tomography Algorithms for Helical Scanned Data

CATEGORY: Advanced Development

OBJECTIVE: Develop algorithms for high-speed Computed Tomography (CT) scanning and reconstruction with helical and
pseudo-helical geometry.

DESCRIPTION: In order to increase throughput, computed tomography requires the part under inspection be continuously
moving, rather than incrementally moving. The result is a helical scan. In order to decrease the size of the equipment, a
non-circular x-ray source and sensor configurations are being employed. This solicitation is for algorithms for computing the
tomographic slices from the helical scanned data coming from non-circular geometry. The algorithms must reconstruct 256,000
pixels or more, with limited artifacts, must compute rapidly (in milliseconds), must run on available processing equipment, must
process raw data of up to fifteen bit accuracy.

PHASE I: Research and simulate algorithms for reconstruction of tomographic slices from helical scanned data taken
with non-circular geometry. Attention must be given to freedom from artifacts, accuracy of dimensions and densities, spatial
resolution, and techniques that can be accomplished at high speeds with reasonable processor hardware costs. Demonstrate the
algorithms will meet the requirements. Obtain funding commitments for potential marketing and production.

PHASE II: Develop, construct, test and deliver one or more working prototype complete systems including all
hardware, software, etc. The system will create tomographic images from helical scanned data taken with non-circular geometry.
The algorithms must reconstruct 256,000 pixels or more, with limited artifacts, must compute rapidly (in milliseconds), must run
on available processing equipment, must process raw data of up to fifteen bit accuracy.

POTENTIAL COMMERCIAL MARKET: Potential military and commercial applications include non-destructive inspection of
munition items, vehicle components, manufactured items, and medical diagnosis.

A96-006TITLE:Advanced Nonlinear and Hybrid Systems Control Technology

CATEGORY: Exploratory Development



OBJECTIVE: Develop and demonstrate high performance nonlinear, adaptive, and hybrid systems control technology for
precision multi-target/ multi-platform fire-on-the-move applications including armor, air defense and aircraft system
applications.

DESCRIPTION: Recently progress has been made in demonstrating major accuracy improvements for both aircraft and combat
vehicle weapon systems using advanced digital processing together with LQG/LTR and H-infinity design approaches. Further
improvements in weapon accuracy and targeting performance are anticipated through the development of improved robust
nonlinear and adaptive control laws, and hybrid control laws that account for both continuous as well as logical components of
the system state vector. This project will address the broad spectrum of issues associated with the development of control law
design tools and methodology, modeling, simulation, real time hardware/software implementation, and sensor/actuator
technology.

PHASE I: Develop methodology for design and implementation of high performance robust adaptive, nonlinear and
hybrid system control laws for precision weapon stabilization, tracking and targeting. Formulate specific stabilization, tracking
and targeting control laws/decision strategies for multi-input, multi- output nonlinear plants, incorporating distributed smart
senor/actuators, along with friction, backlash, resonant modes, high impulse periodic disturbances, nonlinear compliance, sensor
noise, and multi-target sensor input. Determine performance and robustness characteristics with respect to model errors
associated with both continuous and logical components of the domain model. Provide analysis of hardware/software
implementation requirements to achieve real time performance, including sensor/actuator trade-offs.

PHASE II: Develop a fully integrated design and prototyping environment for advanced nonlinear, adaptive and hybrid
control systems. Provide a real time programmable digital control module with on-line data analysis capability and 1/O
capability and sensor/actuator component hardware necessary for laboratory test bed evaluation. Optimize module
hardware/software and algorithm design based on test data and provide complete documentation of algorithms and
hardware/software architecture.

POTENTIAL COMMERCIAL MARKET: This work has a very high probability of being commercialized. The methodology,
design environment, prototyping tools and component technology developed in this SBIR are applicable to manufacturing,
machine tool, process control, engine control, transmission control and automation applications, including automobile and
commercial aircraft manufacturing, robotics applications, precision instrumentation systems, flight controls etc. These
applications are characterized by the presence of non linearities, parameter variations, backlash, friction, saturation and resonant
modes, while large scale automation requires consideration of hybrid discrete event and continuous time system dynamics. This
technology also has broad DOD applications, particularly in the area of affordable controls; distributed, multi-platform fire
control and targeting; intelligent,multi-agent, cooperative systems; defense manufacturing, etc. The impact of the technology is
two-fold: increasing performance through improved control software while reducing cost by reducing hardware cost and
complexity and improving reliability and fault tolerance.



A96-007TITLE:Intelligent Sensor Based Robotic Control System Technology

CATEGORY: Exploratory Development

OBJECTIVE: Develop a generic multi-adaptive robotic control module and development environment for mobile manipulator
systems for ammunition handling, resupply and logistics applications. Module must address task level as well as servo level
functionality and be architectured to accommodate variations in manipulator/ platform configurations and task requirements.

DESCRIPTION: Significant progress has been made recently in developing advanced sensor based servo control systems for
high performance robotic manipulators. Specifically, a high speed 386 based multi-processor robotic control module and
software development environment was developed which permits a broad range of adaptive and compliant motion control
strategies to be implemented for arbitrary manipulator configurations. Extensions of this technology are required, however, to
deal with fundamental problems of mobility and base motion effect, flexible task level control, multi-sensor integration, dual arm
coordination associated with fusing ammunition in a moving resupply vehicle, and depalletizing and transferring ammunition to
and from resupply vehicle and loading ammunition in a moving platform environment. Technical issues of interest include
robust and adaptive controls, compliant motion control, visual servo control, voice natural language interface for control, dual
arm control strategies, world modeling design environment, real time, knowledge based task level control and control from
moving base including path planning, navigation and obstacle detection/ avoidance and component based software architectures.

PHASE I: Develop methodology and algorithmic approaches to intelligent sensor based robotic control systems for
applications to materiel handling and loading. Perform preliminary modeling and simulation studies to determine performance/
robustness characteristics of the control laws and algorithms, real time processing requirements and sensor requirements. Provide
analysis for evaluating control laws and provide control processor design and system hardware specifications.

PHASE II: Develop controller hardware/software and development environment for interface with laboratory test bed
manipulator systems. Develop test scenarios and scaled down mock-ups to demonstrate controller performance capabilities.
Provide fully integrated prototype module with documentation source code and development environment and evaluate in
laboratory tests.

POTENTIAL COMMERCIAL MARKET: The technology developed under this program can be utilized on any production line
performing product handling, part mating and product transferring applications. The technology is also applicable to automated
warehousing, handling of hazardous materials, security, law enforcement and medical/ surgical applications. Particularly, for the
Army, this technology can be used in programs like FARV-A and Crusader to perform ammunition fusing, depalletizing,
handling and loading during re-supply operations.

A96-008TITLE:Development of New Catalysts for Synthesis of Energetic Materials

CATEGORY: Basic Research
OBJECTIVE: Design of novel catalysts to facilitate synthesis of energetic materials and commercially viable products.

DESCRIPTION: In the research and development stages of new explosives and propellants as well as in the production of these
materials, enormous amounts of toxic and hazardous waste materials are being generated as by-products. Disposal of these toxic
materials causes serious problems for the DOD operations. Novel catalysts can be used to remove these toxic waste by-products,
as well as to increase the yield of the chemical reactions in the synthesis of explosive and propellant molecules. Catalysts, which
are generally used in very small amounts, enhance chemical reactions but can be recovered from the reaction intact. Therefore,
it is proposed that studies be conducted on the adsorption properties of individual contaminant species such as heavy metal
cations and other toxic waste by-products on various catalytic surfaces. New molecular modeling techniques provide relevant
information about how chemicals react at the molecular level and thus facilitate the application of new catalysts to fit specific
chemical need. Therefore, it would be of considerable interest to design new catalysts and apply their catalytic potential to



remove metal cations and other hazardous by-products from toxic waste materials. This includes adsorption and ion exchange to
catalyst such as clay and ion exchange resins.

PHASE I: Investigation of adsorption and ion exchange properties of catalysts using molecular modeling techniques.
Based on these results, develop new catalysts and surfactants for removal of heavy metal cations and other hazardous
by-products from toxic waste. Optimize the catalytic reactivity of these catalysts by conducting relevant experiments.

PHASE II: Upon successful completion of Phase I of this program, apply these new catalysts in reducing hazardous
by-products from toxic waste. Develop a data base to determine which catalysts is most suitable to type of operations on interest
to Army. Based on these data, develop methodology and algorithmic approaches to identify suitable catalysts. Optimize the
catalytic reactivity of these catalysts by conducting relevant experiments

POTENTIAL COMMERCIAL MARKET: Novel and cost effective methods towards the elimination of heavy metal cations and
other by-products from toxic waste materials generated in chemical industry. Another potential application is to use in chemical
weapons disposal technology, where detoxification of chemical weapons can considerably reduce the environmental and safety
concerns.

A96-009TITLE:Low Cost Radio Frequency Smart Tags & Applicator

CATEGORY: Exploratory Development

OBJECTIVE: Develop low cost Radio Frequency (RF) smart tags or labels which can be remotely programmed and remotely
read-out that contains thousands of bytes of information and a machine to apply the tags to bags and crates of arbitrary shape and
material covering.

DESCRIPTION: Smart tags are presently used for a number of applications in the civilian and military sectors, including item
identification, toll passes, and barrier identification. Such tags are relatively expensive (several dollars) and are limited in the
amount of information they can carry. The Army needs tags costing a few cents that can be affixed to individual items. The tag
must recognize and respond to external RF interrogation signals. The external RF interrogator will be in the vicinity of one
meter from the tag. The contents of the tag must be read out or written to through the RF link. Improved designs should include
simple local interface for acquiring data from local sensors such as temperature and pressure. Along with the tag, the contractor
should develop an applicator to apply the tag to packages, bags, boxes, and crates, of various thickness and stiffness while they
are being conveyed by a conveyor at fairly rapid but consistent rate. The tag must be applied to the item as it is moving. The
exact orientation and position of the item to be tagged can be arbitrary. The items conveyed past the applicator can be in any
order, shape or size. The material covering the item can be cloth, metal, paper, or wood. The covering may be soft or firm. The
applicator must keep up with conveyor speeds of two hundred feet per minute with items as close together as three feet.

PHASE I: Create and deliver designs for the low cost remotely accessible RF smart tags. Demonstrate that the designs
will meet the requirements, preferably by building a simple prototype tag and data access device, or a laboratory demonstration.
Prepare a preliminary design of the proposed tag applicator. Carry out a feasibility study by demonstrating experimentally that
the applicator concept works. Obtain funding commitments for potential marketing and production.

PHASE II: Develop, construct, test and deliver one or more working prototype smart tag systems including tags and
remote reading apparatus and tag applicator.

POTENTIAL COMMERCIAL MARKET: Due to their low cost applications include tagging individual items where the tag can
be disposed of when the item is put into use. Potential military applications include tagging individual weapons, munitions or
pieces of equipment, crates, and other inventory. Potential civilian uses include tagging luggage on aircraft, tagging parcels,
packages, crates, and individual items, employee identification, vehicle identification.

A96-010TITLE:On Site Bioaccumulation of Heavy Metals



CATEGORY: Exploratory Development

OBJECTIVE: To develop and demonstrate biological methods for the on-site treatment and/or removal of heavy metals from
contaminated soils. The approach should have the ability to treat contaminated soils to reduce metal concentrations below
regulatory standards within a time frame of 1 - 5 years of treatment. The method should be applicable to the treatment of a range
of different heavy metals, site characteristics and geographical areas.

DESCRIPTION: Heavy metal contaminated soils in many areas, including military sites, represent substantial volumes of solid
material. Conventional treatment methods either do not remove the metal from the site, or require soil excavation and treatment
or disposal, with significant associated costs. Low cost, on-site methods are needed to treat metals in soils to reduce their
concentration and environmental impact without extensive excavation and off-site disposal. Recent developments in the
identification of biological processes that accumulate heavy metals may be applicable to the treatment of contaminated soils at
the low costs associated with bioremediation methods for the removal of organic contaminants.

PHASE I: Identify methods for the uptake of heavy metals from soil by living organisms in amounts that could lead to
the treatment of contaminated sites. Develop methods for evaluating treatment efficiency on actual contaminated soil.

PHASE II: Field test the biological approach at a DOD related site and identify an economical method for treating and
disposing of the metal-containing biomass.

POTENTIAL COMMERCIAL MARKET: A large civilian and Federal Agency market exists for low-cost methods of treating
heavy metal contaminated soils. Closed CONUS and OCONUS military sites, formerly used defense sites (FUDS),
petrochemical facilities, smelter deposition areas and battery recycling sites are examples of potential heavy metal contaminated
locations. This technology may also be expanded to the treatment of radionuclide contaminated soils at DOE facilities.

A96-011TITLE:Software Infrastructure/ Reuse Technology For Embedded Applications

CATEGORY: Exploratory Development

OBJECTIVE: Develop design, analysis and prototyping tools and technology to support specification, implementation and
evaluation of standard software reference architectures and application components for embedded/smart weapon applications.

DESCRIPTION: Embedded software will be a key cost driver in next generation smart and brilliant weapon/ fire control
systems due to increased computational and software complexity, stringent hard real time computational constraints, and the high
cost associated with software testing, verification, validation, and software maintenance and support. A key enabling technology
for managing and controlling software cost and complexity is the development of standardized reference or product line
architectures and supporting infrastructure technology, tools and design methodology. Progress to date includes the development
of an architecture schema and architecture description language which provides a formal mechanism for describing architecture
components and interconnections, together with preliminary repository tools for storing, manipulating and visualizing schema
data. Further extensions of this technology is required, however, to provide complete end-to-end software development support
for embedded weapon applications. Specific requirements exist for (1) domain modeling and analysis tools and methodology
which are tailored for extracting reference architecture requirements (2) architecture description languages that provide sufficient
expressive power to represent component functionality, component interface connections, control and data communication
paradigms, etc. and support detailed analysis of architecture behavior/performance (3) a repository tool with graphical user
interface that supports storage, manipulation, browsing and retrieval of application architecture descriptions and components and
the composing of new application systems from existing or reengineered components. (4) development of reference/ product line
architecture specifications for embedded weapon/ fire control systems that facilitates reuse of components within the application
domain (e.g. smart mines, smart mortars, intelligent artillery crew associates, armor, etc.) (5) development of generic
architecture/application components that conform to reference architecture specifications to include real time data base
management, real time, intelligent multi-processor/multi-tasking os, MMI, digital mapping, real time planning, resource
management/allocation, hybrid systems control, etc. (6) application generators. (7) metrics for determining conformance of



application architectures to reference architecture specifications (8) high level technical architecture standards and guide lines
that extend the Army C41 TA to embedded weapon applications.

PHASE I: Assess maturity and capability of existing tool environments to support an end-to-end architecture based
software development process for embedded weapon applications. Develop preliminary requirements for an integrated tool
environment that fully supports an architecture driven software development process. Identify high level technical architecture
standards and guidelines for embedded weapon/ fire control applications.

PHASE II: Develop tools and supporting design methodology for executing, as a minimum, critical process threads
associated with (a) reference architecture extraction from domain models, (b) representation, analysis and archiving of
application architecture descriptions, (c) requirements tracking, (d) application generation based on composing
reusable/reengineered components, from component repositories, with possibly new components produced via component
generators. Demonstrate and validate technology by populating a baseline reuse component repository and composing a
laboratory application prototype. Identify/assess existing ACOE and commercial components compatible with embedded
weapon system requirements.

POTENTIAL COMMERCIAL MARKET: This topic will provide enabling technology that supports component based software
development, reuse and interoperability of all large scale, distributed, real time software systems such as those associated with
factory automation, command and control, health services, banking, environmental monitoring, communication networks, smart
highway systems, air traffic control, law enforcement networks etc.



A96-012TITLE:Label Applicator for Arbitrary Surfaces

CATEGORY: Engineering Development
OBJECTIVE: Develop a machine to apply fairly stiff labels and tags to bags and crates of arbitrary shape and material covering.

DESCRIPTION: The Army needs a machine which can apply labels of various thickness and stiffness to packages, bags, boxes,
crates, and containers being conveyed by a conveyor at fairly rapid but consistent rate. The label must be applied as the item is
moving. The exact orientation and position of the item to be labeled can be arbitrary. The items conveyed past the labeler can be
in any order, shape or size. The material covering can be cloth, metal, paper, or wood. The covering may be soft or firm. The
machine must keep up with conveyor speeds of up to several hundred feet per minute with items as close together as three feet.
The applicator must be able to handle and apply Radio Frequency (RF) smart tags without destroying them.

PHASE I: Prepare a preliminary design of the proposed system. Carry out a feasibility study by demonstrating
experimentally that the concept works. Obtain funding commitments for potential marketing and production.

PHASE II: Develop, construct, test, demonstrate and deliver a full scale prototype complete system.

POTENTIAL COMMERCIAL MARKET: Potential military applications include tagging individual weapons, munitions or
pieces of equipment, crates, vehicles and other inventory. These applications could be in support of stockpile surveillance or
inventory control. Commercial and military market includes logistics, trucking, shipping, checked-in airline luggage, mail--any
industry which stores, moves, and delivers an arbitrary mixture of sundry products.

A96-013TITLE:Development of New Alternate Synthetic Procedures for 1,3,3-Trinitroazetidine (TNAZ)

CATEGORY: Basic Research
OBJECTIVE: Research toward finding and developing a high yielding alternate synthetic procedure for TNAZ.

DESCRIPTION: TNAZ is a new steam-castable, superior performing explosive under development by the Army. Applications
of TNAZ as a demolition and anti-armor explosive, and as a component in LOVA propellants, are being explored. It is markedly
more powerful than LX-14, the Army's most powerful in-service explosive formulation. TNAZ is currently prepared by an
inefficient and environmentally unfriendly five-step batch process, with an overall yield of about 15%; or by an alternate
process, under development by Los Alamos National Laboratory, with higher yields, but producing large quantities of hazardous
waste. In view of the desirable properties of TNAZ and its prospect to be fielded in the near future, there is an urgent need for its
production in large amounts via a high- yield process. This is the focus of this topic.

PHASE I: Conduct basic research to: find a new high yielding and environmentally friendly procedure for synthesizing
TNAZ; or, develop economically viable methodologies to recycle the N,N'-dialkylhydrazine and triphenylphosphine oxide
produced in the Los Alamos process.

PHASE II: Scale up the new procedure to demonstrate low-cost 1 - 50 pound batch production of all intermediates and
TNAZ. Provide process engineering drawings for a large scale plant. Develop optimized process conditions on pilot plant
equipment.

POTENTIAL COMMERCIAL MARKET: TNAZ should find applications in propulsion of non- military items, e.g. commercial
rockets. It is expected to be a superior commercial demolition explosive. DNAZ nitrate, a chemical precursor to TNAZ, is water
soluble and should find applications as a commercial blasting agent superior to currently used Ammonium Nitrate/Fuel Oil in
performance.

A96-014TITLE:Cage Molecular Derivatives in Explosive Research for More Powerful Explosives and Civilian Optical Materials




CATEGORY:: Basic Research

OBJECTIVE: Prepare more powerful explosives and other potential compounds from cage derivatives for use as liquid crystals
or non-linear optical materials.

DESCRIPTION: Cubyl and Adamantyl carbonyl chlorides are near precursors for more powerful explosives. One aspect of this
effort would be to prepare more powerful and insensitive explosives based on such cage forms. Octanitrocubane, for example, is
a super explosive that is anticipated to provide about 30% more explosive power than LX-14, the military's most powerful
current explosive formulation. Chlorocarbonyl derivatives of cubanes and adamantanes have their functionalities in a spherical
symmetry and they can be derivatized as star polymers. Star polymers have generally higher thermal stability, higher glass
transition temperature and higher solubility than linear (two arms) polymers. They have ability to provide long electric dipoles.
These systems are potentially used as liquid crystals and non-linear optical materials. The second aspect, thus, of this effort
would be to develop such critically useful civilian materials from the cage derivatives.

PHASE I: Conduct a detailed literature search and computer modeling studies to select model polymeric cage systems
that are useful as liquid crystals and non- linear optical materials. Perform synthetic research that would be feasible for obtaining
such polymer structures.

PHASE II: Complete the synthesis of the above compounds and conduct an in-depth study of their material properties
(e. g. Non-linear optical and liquid crystal). Down select suitable compounds for Phase III work.

POTENTIAL COMMERCIAL MARKET: Non-linear optical materials are very useful in frequency manipulation (e. g.
frequency blending, frequency doubling and quadrupling) of laser beams and they are critically useful for military and civilian
communication systems. Liquid crystal materials are essential ingredients in military and civilian display devices such as night
vision binoculars, intelligent storage etc. The market is very significant in military industry. The market in civilian industry is
very large and they would be picked up by the major participants (e. g. AT&T, Sprint, MCI etc.) in communication industry.

A96-015TITLE:Fuzing Sensors and Signal Processors

CATEGORY: Exploratory Development

OBJECTIVE: Develop sensors and signal processing technology and components necessary for next generation fuzing systems
and subsystems. Appropriate technology candidates must enhance safety, reliability and producibility in order to be considered
for fuzing systems.

DESCRIPTION: Typical fuzes consist of sensor, signal processor, power supply, and safety and arming subsystems. A fuze
must not only endure decades of storage in adverse conditions, but must also withstand extreme ballistic launch environments
and still function a munition safely and reliably on the intended target. Not only is fuze performance critical to the mission, but
cost is also extremely important because fuzes may be produced in large quantities for the military stockpile. Fuze sensors are
required that can reliably discriminate targets from the background clutter at selected ranges from impact to 2 km. Sensors of
interest include radar (microwave through millimeter wave), active and passive optical, electrostatic (ESS), magnetic, inductive
and acoustic types. Components of particular interest include: broadband antennas, antenna arrays, precision time bases and
optical assemblies. Small size, gun or missile launch survivability and low cost are principal driving requirements. Sensors must
also be able to withstand the appropriate electromagnetic effects environments without causing a safety or reliability failure.
Signal processors are required to enhance the ability of sensors to reject false targets, control the burst point, and sense a proper
target even when subjected to strong countermeasures. Signal processors may use analog circuits, digital circuits,
microprocessors or a combination of these to determine that the desired burst point has been reached. Signal processing may
fuse the data from two independent sensors to enhance the probability of detecting a proper target. Miniature signal processors
comprised of integrated circuits, or multi-chip modules that are small enough to fit into standard fuze contours for artillery,
mortars and medium caliber cannon cartridges are of particular interest.



PHASE I: Identify promising fuzing technologies. Perform a cost and producibility analysis, up front, to predict if it is
feasible to fully develop and produce the technologies. Conduct modeling and simulation to predict the performance of selected
candidates under realistic conditions. Fabricate breadboards and perform laboratory tests on them to confirm the predictions of
the models. Submit samples to the Government for in-house evaluation.

PHASE II: Implement technology from Phase I effort into actual fuze hardware. The fuze hardware will be evaluated
by subjecting it to standard fuze laboratory environmental and ballistic simulation tests. If lab tests are successful, another set of
fuze samples will be fired from a weapon in an instrumented ballistic field test. The prototype designs shall be optimized for
producibility and cost. Detailed design drawings and specifications shall be developed.

POTENTIAL COMMERCIAL MARKET: Fuzing sensors are inherently low-cost and precise standoff sensors that can provide
position, velocity and acceleration outputs. These have a wide variety of commercial applications including: accurate altimeters
for the last 100 meters of approach to the ground for helicopters and light planes; crash avoidance and backup sensors for
automobiles and minivans; measurement of true velocity and distance traveled for accurate application of agricultural chemicals
and seed; motion detectors for alarm systems; and position/motion sensors for robotic and automated industrial systems.

A96-016TITLE:Rapid Container Blocking and Bracing Technology

CATEGORY: Exploratory Development

OBJECTIVE: Develop a technology that will enable the Military to block and brace munitions and supplies in containers and
MILVANS rapidly to meet early entry force deployment and force sustainment requirements.

DESCRIPTION: The existing method of Blocking and Bracing munitions and supplies in containers and MILVANS requires
lots of wood and is labor intensive. Many military installations do not have the personnel to block and brace munitions and
supplies in containers or MILVANSs because of the special skills requirement. The wood used to block and brace munitions and
supplies in containers and MILVANS usually cannot be reused because of damages or configuration problem. Sometimes the
required wood may not be available. The existing method creates a dilemma during deployment or retrograde of munitions and
supplies. A technology is needed to improve the blocking and bracing method. The technology shall be capable of restraining
supplies with various configurations at rapid speed, durable, user friendly, reusable and environmental friendly; meet
transportation requirements; and at a cost comparable to the existing method.

PHASE I: Investigate new and innovative blocking and bracing materials and systems used by the shipping industry.
Based on the investigation, develop a system design that can be used to block and brace military munitions and supplies. The
system shall meet the design criteria specified in the DESCRIPTION paragraph above.

PHASE II: Develop and fabricate prototype test hardware for the Rapid Container Blocking and Bracing system.
Coordinate with the Government Project Officer to develop a test plan, and conduct testing to verify the system. Develop a
performance specification, operation instruction and unit cost. Submit monthly and a final report.

POTENTIAL COMMERCIAL MARKET: The technology developed under this program can be used by the container shipping
companies. The system will enable the shipper to block and brace cargoes at reduced time and cost.
U.S. Army Research Laboratory

A96-017TITLE:Low-Frequency, Ultra-Wideband (UWB) Synthetic Aperture Radar (SAR) Antennas Compatible with
Unmanned Aerial Vehicles (UAV)

CATEGORY: Basic Research



OBJECTIVE: Design and development of low-frequency, ultra-wideband antennas of a size commensurate with the size and
weight restrictions of an unmanned aerial vehicle.

DESCRIPTION: Detection of concealed, time critical targets is a military need for which there is no current fielded solution.
The Army Research Laboratory Microwave Radar Branch is investigating low frequency UWB SAR for the detection of targets
concealed underground or by foliage. One of the major hardware limitations of ground and foliage penetration technology today
is the size of the antennas required to get the low frequency content and wide bandwidth necessary. The radar design currently
being pursued requires antennas with a frequency coverage from 50 MHz to 1000 MHz. The antennas must have a peak VSWR
of less than 2.0. with a goal of 1.5 or less, over the entire frequency band. The antennas must have a polarization isolation
between co-polarized and cross- polarized channels of at least 20dB within a 35 degree solid angle centered on boresight, and no
worse than 15 dB of isolation over a solid angle from 35 to 60 degrees centered on boresight. The radar must be capable of
transmitting and receiving the full polarization scattering matrix. The antennas must be capable of transmitting peak powers on
the order of 10MW and average powers of 5-10 Watts. The antennas must be designed to be compatible with the size and weight
restrictions of a TIER I1 UAV.

PHASE I: The offeror shall perform study of low-frequency, wideband antenna designs to identify potential solutions.
The offeror shall produce a design drawing and specifications for an antenna that meets the requirements stated above. The
offeror shall prepare a report including calculations and/or modeling used to develop the design of an antenna meeting the above
requirements.

PHASE II: The offeror shall finalize an antenna design, construct a full set of antennas (covering the full scattering
matrix), and completely characterize the antennas.

POTENTIAL COMMERCIAL MARKET: There are a large number of commercial applications for low-frequency, UWB radar.
Utility companies are interested in methods to non-intrusively locate wires and pipes underground. Construction companies need
non-intrusive methods of inspecting roads, bridges, and railroad beds for internal faults. Site remediation firms, performing base
closure impact area clean-up for instance, require a ground as well as foliage penetration capability.

A96-018TITLE:Millimeter Wave Solid State Power Device/ Component Development

CATEGORY: Advanced Development

OBJECTIVE: To study, develop, and demonstrate technology and approaches to power generation at Millimeter Wave
frequencies (>30GHz) to replace large, high voltage, and less reliable vacuum tube amplifiers.

DESCRIPTION: New military and commercial requirements are emerging for high power transmitters in the millimeter wave
band. Several examples include tactical radars, radar electronic countermeasures (ECM), satellite communications, collision
avoidance radars, and high data rate communications. Advances in solid-state device technology in the form of High Electron
Mobility Transmitters (HEMTs), Heterojunction Bipolar Transistors (HBTs), and Microwave Millimeter wave Integrated
Circuits (MMICs) have moved the concept of a reliable, high power, solid-state millimeter wave transmitter closer to reality.
The current challenge is combining large quantities of these devices efficiently and reliability to achieve tens of watts of output
power. The objective of this project is to develop and demonstrate a practical approach to realize a high power solid state
millimeter wave transmitter/amplifier by combining a large number of moderate to high power devices.

PHASE I: Study and develop a millimeter wave power source/amplifier design that addresses reliability, cost, size, and
performance using state-of-the-art components and analyze for optimum power combining technique, low-loss, heat dissipation,
etc., to achieve the program goals. Suggested performance goals of the Phase I effort are minimum 20 watts CW at Ka-band, 10
watts at V-band, and 5 watts at W-band and the final transmitter/amplifier design suitable for flight testing as part of an
electronic warfare/electronic countermeasure (EW/ECM) system. The effort will consist of the transmitter/amplifier design, and
will include device selection, power combiner design, combiner interfaces (waveguide, microstrip, probe, microcoax), and
prediction of performance such as insertion loss and gain, VSWR, and performance degradation due to phase/amplitude tracking
and device failure.



PHASE II: Fabricate, test and deliver the transmitter/amplifier designed in Phase I. A final documents package should
be delivered that includes final schematics and drawings, a test plan for the transmitter, test results of the individual modules and
combiner/power splitter, and test results of the fully integrated and tested unit. A simple reliability analysis should be performed
to provide an approximate prediction of Mean Time to Failure (MTTF), Mean Time Between Failure (MTBF), etc. of the final
transmitter. Also a thermal analysis should be performed to ensure adequate heat dissipation and structural integrity of the
module. All DC biasing capabilities, voltage sources and turn-on sequencing, will be included in the final module delivery.

POTENTIAL COMMERCIAL MARKET: This technology can be applied to military and commercial communication systems,
satellite links and to the emerging commercial cellular video and automotive collision avoidance markets. The high frequency
enables wider operational bandwidths thus permitting more data/information to be processed. This is important for high data
rates and video information especially since the lower frequency bands are highly congested and limit the frequency band of
operation.

A96-019TITLE:High Performance Imagers with On-chip Processing

CATEGORY: Exploratory Development

OBJECTIVE: Demonstrate feasibility of performing on-chip signal processing functions on high performance silicon-based
imagers using CCD or CMOS technology as appropriate.

DESCRIPTION: Performance of high speed, large format imagers can be significantly enhanced by providing image processing
functions on chip. In particular it may be possible to reduce data rates, identify regions of interest, selectively readout the imager
for higher speed operation, and perform linear and nonlinear signal processing functions. This research topic concentrates on the
incorporation of signal processing functions onto the readout structure of existing or future imagers.

PHASE I: Perform feasibility study to identify proper mix of signal processing to be incorporated on chip and identify
chip architecture. Demonstrate on a small scale the manufacturability and operation of such a chip.

PHASE II: Design large scale chip 512 x 512, 1024 x 1024, or larger incorporating signal/ image processing functions
of chip and produce a selection of these devices.

POTENTIAL COMMERCIAL MARKET: High performance imagers with on chip processing will have applications in fields
including HDTV, Medical Imaging, Film replacement in high speed motion analysis equipment, machine vision, etc.

A96-020TITLE:Multi-functional Thin Film Biomatrices for Biosensors

CATEGORY: Exploratory Development

OBJECTIVE: To research and develop surface matrices as media for biological/ biochemical reactions in micro-sensor
applications.

DESCRIPTION: There is a need for the development of biomatrices for use to interface biological/ biochemical reactions with
appropriate sensor substrates. The requirements of a matrix are that it should retain high specificity for the intended
biomolecular interactions and simultaneously allow signal transduction via the interfacial surface to the sensing mechanism. The
matrix should be stable, portable and robust. Conferring functionality to the substrate device may involve covalent bond
formation or non-covalent interactions.

PHASE I: Show proof of principle by providing a model surface matrix system. The offeror should show matrix
properties, their characterization, and the retention of the desired biological/ biochemical specificity.



PHASE II: Adaptation of the surface matrix system development under Phase I to existing appropriate micro-sensor
surfaces. Expansion of the detector system for two or more biological/ biochemical reactions or interactions. Optimize the
prototype surface system to give high degree of precision, reliability and ruggedness.

POTENTIAL COMMERCIAL MARKET: The technology developed under this program should have extensive application in
the environmental and medical diagnostic industries.

A96-021TITLE:Digital Optic Image Acquisition with Enhanced Performance

CATEGORY: Advanced Development

OBJECTIVE: Develop digital signal processing and hardware designed to work in conjunction with custom aspheric optics in
order to improve visible and infrared image acquisition systems.

DESCRIPTION: Image acquisition systems can be enhanced by combining custom optics in conjunction with digital signal
processing (DSP) to improve overall system behavior. As an example, the field of view of an optical system can be extended by
using a wide angle lens in conjunction with DSP to correct for the added distortion. Without the post digital correction, objects in
the periphery of the field of a very wide angle lens are distorted beyond recognition. The DSP compensates for the distortion to
make the object recognizable. As a second example, a cubic phase optical element can extend the depth of field of a system
when used in conjunction with specialized DSP. Without the digital correction the imagery produced by the cubic system has a
large depth of field, but fine featured objects are difficult to discern. The DSP is designed to compensate for the negative effects
on the system behavior while maintaining the high depth of field. In both of the above examples, the enhanced performance
cannot be easily achieved with only improved optics or only DSP. Rather, the use of the optics in conjunction with DSP enables
a new level of performance.

This research topic concentrates on the development of DSP algorithms tailored to work in conjunction with custom aspheric
elements to extend the operating characteristics of image acquisition systems. The algorithms should be adaptive in nature to
take into account the characteristics of available image sensors. Improved algorithms for the above mentioned extended depth
of field and extended field of view systems are of special interest. Entirely new imaging architectures using custom aspherics in
conjunction with DSP will also be considered.

PHASE I: Specify the digital optical architecture and the nature of the expected imaging system enhancement (e.g.,
increase depth of field, extended field of view, increased tolerance to vibration,...). Develop optimized signal processing
algorithms that take into account the need for real time implementation as well as the characteristics of available image sensors.

PHASE II: Design and build real-time hardware implementations of the algorithms developed in Phase I. Integrate the
hardware with the associated optical imaging system and demonstrate overall system performance.

POTENTIAL COMMERCIAL MARKET: Enhanced digital image acquisition systems have the potential to play significant
roles in consumer digital cameras (both still and video), machine vision, and medical imaging applications.

A96-022TITLE:Loom for Weaving Single Layer Net-Shape Fabrics for Composite Structures

CATEGORY: Exploratory Development

OBJECTIVE: The primary objective of this effort is to develop a fully automated computerized loom capable of weaving net
shape single layer fabrics that have tailored fill yarn fiber orientations as well as in plane and out-of-plane curvature.

DESCRIPTION: Current production costs of continuous fiber reinforced composite structures are in excess of $100 per pound.
However, technology has been developed within the Government that will greatly reduce these costs. Through the use of canted



and adjustable reeds it is possible to tailor fiber orientation of the fill yarn in a fabric. Fabric width can be controlled by
changing the location of the warp yarns. Curvature in the fabric is achieved by differential takeup of the warp yarns. It is the
objective of this effort to incorporate these technologies into a fully automated computerized loom. This loom will be suitable
for producing high quality fabric for creating preforms used in the formation of composite structures. It is anticipated that the
loom will operate at several hundred fill insertions per minute requiring minimal operator interaction while weaving.

PHASE I: A computerized loom shall be modified to incorporate differential fabric to demonstrate independent takeup
control of each warp yarn. The loom shall be delivered to the Government for evaluation.

PHASE II: Modification to the loom shall be made to accommodate tailored fill yarn orientation and tailored fabric
width in conjunction with the differential fabric developed in Phase I. This loom shall incorporate state of the art fill insertion
techniques to achieve the high speed operation. The loom shall be delivered to the Government for evaluation.

POTENTIAL COMMERCIAL MARKET: This loom has vast potential applications to military and civilian structural
applications. As the cost of fabricating composite structures decreases the potential market for this technology will increase.

A96-023TITLE:Attificial Intelligence Enhanced Information Processing

CATEGORY: Basic Research

OBJECTIVE: This topic solicits research in advanced information processing algorithms as well as hardware architectures
focussed on situation awareness and assessment which will support critical Army program areas such as fusion stations, ground
stations, C41 workstations and advanced robotic platforms.

DESCRIPTION: The Army has a strong continuing interest in real-time information processing research for inclusion as a next
generation C41 workstation. Information processing includes those operations normally performed after signal processing, thus
relating to higher levels of abstraction than those addressed by signal processing. Because there will be a plethora of information
available to these processing stations, the development of effective algorithms, autonomously fusing this information and
supporting situation awareness and assessment software agents which alert human operators and other software agents, is a
necessity. Applicable research should relate to high-speed information processing (particularly with Al based enhancement).
This topic includes advanced processing architectures (scalable) as well as advanced algorithms.

PHASE I: Innovative algorithms and advanced processing architectures are sought, that improve situation awareness
and assessment.

PHASE II: Research resulting in real-time implementation of Phase I algorithms and processing architectures which
will show direct relevance to an objective interest area such as fusion stations, ground stations or battlecommand workstations.

POTENTIAL COMMERCIAL MARKET: The technologies related to this topic, Artificial Intelligence Enhanced Information
Processing, correspond strongly with a number of commercial or dual-use applications such as aircraft tracking and control for
commercial airfields and intelligent highway system applications.

A96-024TITLE:Parallelizing Visualization Algorithms for Interactive Computational Analysis

CATEGORY: Exploratory Development

OBJECTIVE: To develop an integrated package of software tools using parallel computing techniques capable of interactively
visualizing very large datasets using state-of-the-art Department of the Defense High Performance Computing (HPC) assets.

DESCRIPTION: An on-going problem for the scientists and engineers is the ability to interactively investigate and visualize the
data produced from calculations run on high-end parallel supercomputers. Commercial software vendors have not yet taken the
lead in developing advanced techniques to replace traditional, sequential visualization software.



The advent of reasonably affordable parallel computers configured as symmetric multiprocessors will, in the near future, enable
advanced government and commercial research groups to perform computational analysis on grids consisting of several million
nodes. Unfortunately, the ability to generate these massive datasets has outstripped the ability to visualize them. Many of the
algorithms underlying popular visualization techniques are as computationally complex (in both memory and CPU) as the initial
analysis. Although batch methods can be used to generate images from very large datasets, productive visualization is inherently
an interactive process.

The most attractive option to break the visualization bottleneck is to employ the same techniques used to generate the data:
parallelization. Although some efforts have been made to implement parallel algorithms for various visualization tasks, these
efforts have been narrowly focused and restricted in application. There currently exists no commercial, general-purpose
visualization package that can be used to productively postprocess these extremely large datasets.

The areas of innovative technical development proposed under this project would include: 1) the development, implementation,
and evaluation of parallel algorithms (using both task and domain decompositions) for performing various visualization tasks
such as particle tracing, isosurface generation, and clipping and cutting calculations. 2) the evaluation of state-of-the-art
parallelization strategies such as, but not limited to, shared memory, PVM, and MPI, as a mechanism for applying parallel
computing techniques as a postprocessing solution for datasets that are too large to be handled on a single machine. 3) taking
advantage of the resulting performance improvements to yield real-time, interactive response for certain operations, such as
particle tracing and streamlines, cutting planes, and isosurface calculation.

The main deliverable from this project is robust interactive scientific visualization software which contains parallel algorithms
for various tasks which is supported, general-purpose, and portable to a variety of commercially available parallel platforms. In
order to promote widespread adoption and usage, this solution would be presented as an integrated, interactive and portable
commercially viable product.

PHASE I: Initial development should focus on the evaluation and implementation of a variety of HPG techniques for
parallelizing existing visualization algorithms, such as particle traces, streamlines, cutting planes and isosurface generation.
These techniques would be evaluated against particularly large, multi-grid datasets.

PHASE II: The second phase of work would incorporate these techniques into a single, integrated, interactive
visualization package. The implementation would include a single, cohesive user interface typically associated with graphics
applications run on a high-end graphics workstation. The expected interaction between the end-user and the application would
typically include, but not be limited to, an implementation of a client-server architecture to connect the end user's workstation to
the parallel computing platform where the visualization software is running.

POTENTIAL COMMERCIAL MARKET: Significant. The dual-use impact for government and industry of such parallel
visualization software support by a commercial vendor would be significant and immediate. The development of such software
would have a wide and immediate impact in the U.S. research and development community since this technology is applicable
throughout the entire domain of computational analysis, including computational fluid dynamics, computational structural
mechanics, combustion modeling, and electromagnetics. The advent of a portable, parallel commercial visualization package
with the ability to handle very large datasets should significantly increase the productivity of advanced users.

A96-025TITLE:Information Assimilation Error Measurement for Digital Displays

CATEGORY:: Basic Research

OBJECTIVE: The objective of this effort is to develop and validate a quantitative method for identifying, defining, and
classifying recurrent patterns of soldier operator error associated with the assimilation of text and graphics information from
visual displays (e.g.,flat panel CRTs, head mounted displays).



DESCRIPTION: A critical process in the soldier-information system interface on the digital battlefield is the soldier's
assimilation of critical text and graphics data from the proliferation of digital displays that are being incorporated into future
weapons systems and C2 systems. For this process to be conducted successfully, the soldier must be able to rapidly and
accurately focus on critical elements of information embedded in a vast stream of digital data expected to flow across the digital
battlefield. Often, this process will be conducted within a highly stressful environment involving varying lighting conditions,
high noise, vehicle motion, and display vibration. Combining high information volume with a stressful interface environment is
expected to produce various error chains that can manifest themselves as poor situation awareness, misinterpretation of events
and operational trends, decision delays, and fratricide. While such issues can be addressed in the design of tactical displays,
engineers generally lack a detailed understanding of these recurrent error chains and their relationship with specific display
characteristics. The proposed effort takes an initial step in furthering this understanding by developing a quantitative method for:
1) systematically observing the soldier's process of rapidly assimilating text and graphics information under stressful conditions,
2) developing a taxonomy of the recurrent error patterns associated with this process, and 3) quantifying the relationships that
exist among these error patterns and specific characteristics of the visual displays.

PHASE I: An initial effort consists of a series of systematic observations of the soldier-information system interface
conducted within one or more Advanced Warfighting Experiments (e.g., Warrior Focus, Focus Dispatch). As part of these
observations, the research will employ the critical event method to document significant error chains associated with the soldier's
ability to rapidly and accurately assimilate critical items of information form various digital display devices being used in the
experiments. By identifying common elements of the error chains across different display systems and tactical environments, the
research will develop the major product of Phase I: a preliminary taxonomy of error patterns associated with digital information
assimilation in a stressful environment.

PHASE II: Using the error taxonomy developed in Phase I, the research will develop and validate a quantitative method
for assessing assimilation error rates in future experiments. The research shall consider a variety of standardized measurements
methods, including, but not limited to, behavioral checklists, behavioral observation scales, and subject matter expert rating
scales. The candidate measurement method will be validated in the context of a second series of Advanced Warfighting
Experiments by collecting the appropriate error ratings and testing the statistical significance of their relationship with other
measures of soldier-system effectiveness.

POTENTIAL COMMERCIAL MARKET: The quantitative method for assessing digital information assimilation error rates has
broad applicability to the commercial computer market. As computer hardware-software applications extend to a broader range
of work situations involving stressful environments, such methods will be essential for the proper design and testing of tactical
information displays. By developing a standardized error taxonomy and associated rating scales, the research contributes to the
development of industry design standards for text and graphic displays.

A96-026TITLE:Virtual Reality Battle Management Tool for C3 Nets

CATEGORY: Exploratory Development

OBJECTIVE: Adapt a technique developed by British Telecom (BT) to render a C3 network and its status in virtual reality
superimposed on a terrain map. This technique would be invaluable in designing and optimizing the complex data network
needed for "digitization" and for real-time battle management of an interactive combat network extending over any number of
echelons and types of nets.

DESCRIPTION: Terrain is represented either in platform (2 dimensional) or in 3 dimensions with variable viewpoint (stealth
platform) for perspective from a given point in space. The terrain can be represented with conventional, fixed detail or by the
variable resolution methodology developed by WTD. The nodes are represented by icons superimposed on the terrain. The
icons can be of different colors and shapes to represent different types of node equipment. The links can be represented as
colored bands of different thickness depending on type of link and traffic capacity and actual traffic. Status of nodes and links in
terms of message delay, message throughput, and message loss can be represented by some visual representation such as bar



graphs of different color and height. Per cent capacity can be represented in proportion of bar graph that is black or some neutral
color.

Data links and voice nets can be adapted to this idea. The technique is not limited to number or types of units, given the
operators ability to concentrate on any combination of nets, and the ability to tailor data displayed during use. The operator or
analyst can then use a flat display or virtual reality goggles to "fly" about the net, examining its status in real time. Such a
scheme would allow analysis of digital or analog message or data flow in a tactical net, with traffic perhaps represented by
thickness or intensity of the line connecting nodes, message delay by vertical column, net function by color (fire control being
red, infantry tactical by blue, logistical by purple, etc.). The analyst in peacetime could assess quickly the performance of a
tactical array as a simulated battle progressed, or a battle command manager could, given status reporting by the net elements,
actually manage communications in the presence of battle damage, real terrain effects, or ECM, and manage the net to minimize
enemy effects and optimize the net performance. For instance, dead ground could be visualize to use terrain masking or antenna
sitting to minimize enemy intercept. In a digitized net operating under internet protocol and structure the status of the net would
be apparent to battle manager in real-time, allowing work arounds to compensate for battle damage, jamming or virus attack.

PHASE I: Analysis the net types and net status information available to 1) a simulation manager and 2) a battle
manager of a digitized force.

PHASE II: Based on any of the terrain visualization methodologies now in use, construct a modular software package
to allow superposition of net information.

POTENTIAL COMMERCIAL MARKET: Develop a marketable tool for network management. Care must be taken to either
adapt under license the BT package or avoid infringing upon patented or proprietary methods used by BT

A96-027TITLE:Induction Bonding of Composite Armor

CATEGORY: Advanced Development

OBJECTIVE: Development and demonstration of a procedure for bonding of thermosetting polymer composite armor structural
parts using diffusion enhanced adhesion and induction heating technologies.

DESCRIPTION: Diffusion enhanced adhesion (DEA) is a process which enables thermoplastic (TP) like fusion bonding of
thermosetting composites. In this process, a thermoplastic layer with similar solubility to the TS is co-molded to a thermoset
(TS) based composite adhered using a processing technique in which the TP polymer molecules move across the TP-TS interface
and entangle with the TS polymer chains prior to complete crosslinking. Upon full crosslinking of the TS polymer, a very strong
interface has developed between the TS based composite adherend and the thin TP polymer surface layer. Using this procedure,
TS based composites can be fusion bonded using a variety of methods including resistance welding and induction bonding.
Induction heated bonding of composites consists of the heating of an interlayer susceptor (such as metallic screen) and the
subsequent melting, flow, consolidation under pressure, and bonding of two TP based adherends. The DEA process makes this
adhesion technique available to thermosetting polymer based composites since the TS based composite has TP polymer layers on
the surfaces to be bonded.

PHASE I: Demonstrate diffusion enhanced adhesion (DEA) and induction heating as a process for joining thermoset
based armor composites. Characterize bonding strength and assess cost-related issues relative to other TS composite joining
techniques.

PHASE II: Utilize DEA and induction heating in a process to fabricate a TS based composite structure. Demonstrate
adaptability to a variety of TS based composite armor structure bonding requirements including thick section, production, and
repair. Assess a variety of TS-TP DEA compatible resin systems.

A96-028TITLE:Intelligent Wire Bond Pull Station for Microelectronics




CATEGORY: Advanced Development

OBJECTIVE: This project develops a new generation of bond pull station by combining state-of-the-art optics, machine vision,
strain gauge, high speed transport systems and bond pull technologies. This system will have the intelligence and imbedded
knowledge of a skilled human operator which will : 1) Automatically search and identify bond wires in microelectronics
assemblies with high speed, precision and reliability with no up front set-up efforts to the station; 2) Require no
per-programming and verifying of unique part characteristics before each bond pull sequence; 3) Determine and optimize precise
location of bond pull site for each wire with no human intervention; and 4) Perform bond pull automatically and document
results for Statistical Process Control. The results of this effort will be beneficial to both the military and commercial
microelectronics manufacturing arena.

DESCRIPTION: Bond pull testing is a necessary methodology for testing the integrity of wire bonds for microelectronics
assemblies. The use of this methodology on military hardware has increased dramatically in resent years and has created
concerns with the added labor, throughput delays and precise execution of this process. Most of the bond pull equipment are
manual which requires the operator to position the bond hook under each wire prior to the pull test. The semi-semi-automated
system requires pre-programming and dry running of the pull sequence prior to pull testing each assembly. This pre-
programming and dry running effort is due to the unpredictable tracking characteristics of the bond wires when they were
assembled. A new generation bond pull tester which will respond to the unique characteristics of a microelectronics assembly in
real time will be developed under this project. = Innovative techniques using a combination of the latest sensor based
manufacturing technologies and intelligence is expected to be used.

PHASE I: A study and an innovative concept to investigate the feasibility for a totally hands off intelligent bond pull
station. This concept must be technologically feasible and meet the objective of reducing hardware system costs, material
handling cost, set-up cost, programming time and manufacture throughput time.

PHASE II: Prototype of the intelligent bond pull station outlined in Phase I will be designed and built using the most
advanced technologies available. Deliverable would include a complete design analysis, a design documentation package, and a
prototype station suitable for test and evaluation, using microelectronics assemblies supplied by the Army. The contractor shall
participate in the evaluation test to guarantee the system is working at full capability and provide timely modification as needed
to optimize system performance.

POTENTIAL COMMERCIAL MARKET: Low cost production units are planned to replace the manual and semi-automatic
systems being used in industry today.

A96-029TITLE:Machine Translation of Battlefield Messages

CATEGORY: Exploratory Development

OBJECTIVE: Identify approaches to machine translation that adequately address the domain of Army Command and Control
systems and that can be easily be extended to the variety of languages encountered in coalition operations. Select typical
restricted-domain battlefield messages (e.g., operations orders with some structure imposed on the information). Build a parser
and machine translation system to accommodate those messages.

DESCRIPTION: The Information Science and Technology Directorate is leading the Army Research Laboratory's (ARL)
Digitization and Communications Science trust. One aspect of the digitization effort is the development of methods for
providing data for warfare (and operations other than war) to the soldier in a manner that can be readily assimilated and used.
On today's battlefield of multi-lingual coalition forces, rapid translation of information from one human language to another is a
requirement for total situation awareness. However, current machine translators lack the sophistication and speed required to
guarantee understandable information is provided in a timely manner to intended recipients.

PHASE I: A six month effort might produce deliverables similar to the following: analysis of approaches to major
technical challenges (e.g., understanding semantics and pragmatics of natural language): identification of restricted language



required for battlefield communication of messages in the Command and Control infrastructure; initial development of lexicons
and rules to support robust coalition translation techniques; concept demonstration of an automated translator from English to a
selected second language.

PHASE II: A two-year effort might address aspects similar to the following: a prototype English to second language
translator; coordination with an ARL testbed to further explore machine translation concepts on restricted domains associated
with actual Army systems; development of approaches to evaluation of machine translation systems (e.g., with regard to utility
and quality; development of approaches to automated extraction of information from variable format text and discourse
summarization; interface with collaborative research involving unification of standardization efforts involving command and
control message elements; initial interface to applications (e.g., selected ATD products).

POTENTIAL COMMERCIAL MARKET: This work has enormous potential for improving military C3 and analogous civilian
systems. Careful tuning of software to specific missions could improve the quality and timeliness of current machine translation
programs. Because language is best evaluated by native speakers, machine translation provides an ideal quid-pro-quo
opportunity for research with our allies. Beneficiaries could include any industry requiring international communications and
databasing.

A96-030TITLE:Information Processing Applications for Cooperating Microrobotics Systems

CATEGORY: Exploratory Development

OBJECTIVE: This topic solicits exploratory development in hardware and software architectures which will support critical
Army application areas for cooperating microrobotic systems in tactical and operations other than war scenarios. Microrobotics
in this application is defined as autonomous or semi-autonomous physical agents with linear dimensions of one or two feet.

DESCRIPTION: The Army has a strong continuing interest in real-time hardware and software architecture development for
application to microrobotic Army systems having reconnaissance, surveillance, and target acquisition (RSTA) as their primary
mission. Sensors, (acoustic, IR and visible) processing and communications will be embedded on these platforms. Applications
to cooperating physical and software agents involving both stationary and moving platforms are the main focus of this topic.
Examples of information processing in this area are multi-perspective data fusion, target tracking, and situation awareness.
Applicable topics should relate to high-speed information processing. This topic includes advanced processing architectures
(scalable) as well as advanced algorithms.

PHASE I: Exploratory development of information processing techniques as applied to the RSTA mission for
multi-agent cooperating platforms. Developed algorithms are then validated by simulation to be real-time on an advanced
processing architecture.

PHASE 1II: Extension of Phase I processing techniques and computation architectures to multiple (at least two)
platforms. Quantitative evaluations must show gains in target acquisition, tracking, and analysis through the use of cooperating
agents.

POTENTIAL COMMERCIAL MARKET: The techniques related to this topic correspond strongly with a number of
commercial or dual-use applications such as aircraft tracking, vehicle control in the intelligent highway program, and physical
security systems.

A96-031TITLE:Integrated Soldier Interface for Hands-off Control of Head Mounted Display Information

CATEGORY: Exploratory Development

OBJECTIVE: Develop and demonstrate a head mounted display (HMD) system which can be controlled "hands-off".
Information would be called-up and displays changed using verbal commands, and editing or menu control accomplished by eye



tracker input. An entire military scenario could be accomplished, using the HMD as the primary soldier interface device,
without manual inputs of any type.

DESCRIPTION: Helmet or head-mounted display systems, already common in aviation settings, are now proposed for mounted
and dismounted soldiers, for tele-operation of unmanned vehicles, and for tele-maintenance and tele-medicine applications. To
realize the maximum potential of these highly portable devices, the users must be provided with a means of interacting with the
displays without using their hands. A dismounted soldier using an HMD needs his hands for his weapon; a tank commander or
scout using an HMD will need to change the information displayed as the mission evolves without the diversion of entering
manual commands at a control console. Voice control offers a natural way to request information to be displayed and some
systems under development use this approach. There are many situations, however, where voice control will not be effective.
Other technologies such as eye tracking should be applied to permit these display systems to reach their full potential.

PHASE I: A integrated voice control and eye tracking system would be used to control information presented on a head
mounted display, but processed by a standard desktop computer. At this point, head weight, equipment volume, and center of
gravity would not be important considerations compared to the overall hands-free function of the system.

PHASE II: At the end of the second Phase, a totally portable HMD system would be demonstrated which would feature
hands-off control of the information presented, even in high noise, high motion environments. The head mounted portion of the
system would be light weight, compact, and fall within acceptable center of gravity limits.

POTENTIAL COMMERCIAL MARKET: The same reasons which make HMD's so attractive for military applications will
propel them into wide use in the commercial sector. Likewise, these commercial systems will be most useful if the operator can
control the information displayed while keeping the hands free to perform other functions. Mechanics and electricians, for
instance, could change the information content of their displays continuously as they progress through the stages of a certain
procedure. Physicians could request vital signs or medical information including stored images while in the midst of performing
surgical procedures. A hands-off method of controlling information display would be quite beneficial to many physically
challenged people and could be their key to entering the work force.

A96-032TITLE:Laser Cross Wind Sensor

CATEGORY: Exploratory Development

OBJECTIVE: Develop and demonstrate a compact, lightweight, rugged and eye-safe wind sensor capable of measuring cross
wind profiles for ballistic wind corrections.

DESCRIPTION: Cross wind, the component of the wind vector perpendicular to the line-of-fire is the largest component in the
error budget for sniper weapons used to engage targets at long range. Current technologies to estimate cross wind (and thus the
required aim point correction) rely on visual cues (such as the motion of foliage) or on a point measurement of the wind at the
shooter's position (from e.g., an anemometer). The cross wind is also assumed to be constant between the shooter and target.
These estimates for cross wind deflection are often inadequate. To overcome this deficiency, an innovative laser system is
sought that can make real time measurements of the cross wind as a function of distance to a range of 1500 M, with an accuracy
better than 1 M/S. The range wind component is also desired but not required. The physical dimensions and function of the
system should be compatible with sniper operations, i.e. compact, lightweight and rugged. The system should meet laser eye
safe standards. The ability of the sensor to also measure range to target is a very desirable feature.

PHASE I: Concept Validation: Through laboratory and field tests, demonstrate the ability of the employed sensor
technology to achieve the measurement performance outlined in the description.

PHASE II: Prototype System Development: Design, fabricate and test a prototype system. Demonstrate the ability to
meet performance, size, weight, and packaging requirements. Develop a manufacturing plan for high volume low cost
production.



POTENTIAL COMMERCIAL MARKET: A low cost, compact, rugged, eye-safe wind sensor has potential application for law
enforcement agencies, for the aviation market as a wind shear and turbulence detector, for the sports market in competitive
shooting and sailing and for sensing drift of pollutants.

A96-033TITLE:Display Device Development

CATEGORY: Exploratory Development

OBJECTIVE: This program should address one or all of the following areas for improved functionality for display devices:
luminance, color, efficiency, size, resolution, environmental limits, viewability, 3-D viewing.

DESCRIPTION: In the area of light emitting structures and materials for display applications; programs are sought that involve
novel devices, methods of preparation, and techniques for the evaluation of materials, films, and structures, a better
understanding of the physical processes in display devices, reductions in complexity and/or cost of manufacture. Research
leading to ultra low power drive schemes for emissive displays. Significant power is wasted in the drive method, the addressing
circuitry and in A-D/D-A converters and video RAM. The effort should include new innovative drive techniques to minimize
losses in the display as well as in the drive and associated image processing circuitry. Various applications require growth of
display capabilities to larger sizes and higher resolutions for group viewing, high information content, and in some cases stereo
for depth perception. Innovative methods for combining images to create displays beyond the size of substrates which can be
readily manufactured are of interest. For stereoscopic displays, approaches which do not require the use of glasses are more
suitable for military applications.

PHASE I: Develop a selected display device concept through analysis of potential performance and advantages and an
evaluation of the feasibleness of proposed fabrication methods. At the end of Phase I, a report of the device design, performance
assessment and a description of proposed fabrication methods and issues should be delivered to the government.

PHASE II: Fabricate, evaluate and demonstrate the device concept developed under Phase I.

POTENTIAL COMMERCIAL MARKET: New display technologies are exploding into the marketplace, since they represent

the information window between people and the engines of the information age. Technical improvements in any given
technology greatly improve its competitiveness in this rapidly growing field.

U.S. Army Research Office

A96-034TITLE:Innovations in Optics Manufacturing

CATEGORY: Basic Research

OBJECTIVE: Develop new and innovative material and processing approaches to the manufacturing of optical elements and
systems.

DESCRIPTION: Identify innovative concepts that offer the potential for radically altering the design and manufacture of optical
components. The emphasis is on finding new technologies that afford significantly improved system performance and reduced
costs with respect to the current state of the art. Processes that are amenable to flexible manufacturing approaches and small
batch acquisitions, especially those that make full use of computer integrated design and engineering concepts, are strongly
encouraged. Hence, proposals may involve the demonstration of new materials and processing alternatives, the incorporation of
critical material processing characterization techniques for in -line process control. Areas of general interest include: 1)
surface-relief diffractive elements and related hybrid optics; 2) refractive gradient index lenses; 3) non-light-emitting



components used in flat panel and projection display technology, including IR scene projection; 4) microlenses and lenslet
arrays; 5) reflective (UV and X-ray) optical elements, and 6) optically or electrically switchable elements.

PHASE I: Investigate and demonstrate feasibility of innovative approaches to the manufacture of optical elements that
will significantly improve performance or reduce costs in relation to present state-of-the-art materials and approaches.

PHASE II: Implement the innovation, which may include the design and testing of prototype systems. Explore major
cost and reliability issues associated with the innovation in the context of commercial viability.

POTENTIAL COMMERCIAL MARKET: Optical components are critical elements in a multitude of commercial and military
systems including: cameras, CCD video cameras, CD optical storage players, laser printers, photocopiers, computer displays,
simulators, photolithography, optical interconnects, telecommunications and noninvasive medical procedures. This research is
intended to introduce breakthrough technologies (new capabilities, enhanced performance, and reduced system size and weight)
that significantly reduce system costs.

A96-035TITLE:Chemical Hydride Hydrogen Sources for Small Fuel Cells

CATEGORY:: Basic Research

OBJECTIVE: Develop a chemical hydride-based, compact hydrogen source to provide high grade hydrogen to small fuel cell
power supplies.

DESCRIPTION: The Army has an ongoing program to develop small (20 watt to 1000 watt) fuel cell power supplies. The
development program has made excellent progress in improving the power density of small hydrogen/air fuel cell stacks;
however, lack of a safe, reliable, high energy density hydrogen supply is a major impediment to fielding these new power
supplies. The Army has explored a number of different approaches to hydrogen sources; the most promising approach to
hydrogen supplies containing a few hundred to a few thousand watt-hours of energy appears to be hydrogen generators based on
chemical hydrides such as (but not limited to) lithium borohydride or sodium borohydride.

PHASE I: Demonstrate production of hydrogen equivalent (50% efficient fuel cell stack) to several hundred watt-hours
from a chemical hydride using a lightweight reactor. The reactor shall be engineered to afford a high degree of safety to the user
in the event of a reactor malfunction. The hydrogen source should tolerate being turned on and off several times during the
consumption of the chemical hydride. Heat fluxes within the system must be characterized in sufficient detail to permit a
meaningful phase II proposal.

PHASE II: Scale up the reactor system developed under phase I to produce hydrogen equivalent (50% efficient fuel cell
stack) to 1200 watt-hours from a system weighing less than 2.2 Kg. The system should be attitude insensitive, and should be
easy to wear or carry in a pack. The design shall demonstrate concern for user safety. The systems controls should be operable
by a use who is wearing gloves. The system should be designed to show that the charge of fuel can be quickly and safely
replaced. The final demonstration shall require the hydrogen supply to power a small fuel cell stack.

POTENTIAL COMMERCIAL MARKET: The commercial market for small power sources is growing at a very rapid rate.
Laptop computers, cellular phones and other communication devices, and various recreational applications require power levels
toward the lower end of the Army's small fuel cell power range. Cordless power tools and more intensive recreational power
users require higher levels of power.

A96-036TITLE:Milli-Robotics for Remote, Minimally-Invasive Surgery

CATEGORY: Basic Research

DESCRIPTION: Medical telepresence/teleoperation technologies are essential for many Army and civilian needs, such as
delivering fast medical/ surgical help to critically injured soldiers on the far-forward battlefield, urban trauma care, rural health



care, and general surgery. Research is needed that exploits recent advances in micro-electro-mechanical systems to design
intelligent, minimally-invasive, medical/surgical delivery systems. The ultimate design will have a surgeon sitting at a
telepresence workstation, telerobotically performing complex procedures on a patient, who will be located in a sterile medical
van on site. The surgeon will have motor and sensory (visual, tactile, force, auditory) sensations as if she were inside the
patient's body. Specific technical areas include distributed, hierarchical control of intelligent micro-mechanical systems,
geometric aspects of control design, fault -tolerant and limited bandwidth communication issues, interaction between information
and dynamics, non-invasive physiological remote sensors, integrated force and tactile sensing, tele-taction, finer robotic
manipulators and instruments specifically configured for surgery, control of telerobotic surgical systems with time delays,
telerobotics with sensory enhancements, telepresent and virtual environments for training, man-machine interaction and
integration issues.

PHASE I: Research is needed in the areas of distributed, hierarchical control of intelligent micro-mechanical systems,
geometric aspects of control design, fault-tolerant and limited bandwidth communication issues, interaction between information
and dynamics, non-invasive physiological remote sensors, integrated force and tactile sensing, tele-taction, finer robotic
manipulators and instruments specifically configured for surgery, control of telerobotic surgical systems with time delays,
telerobotics with sensory enhancements, telepresent and virtual environments for training, and man-machine interaction.

PHASE II: This phase will concentrate on integration issues and the development of prototype telerobotic systems.
POTENTIAL COMMERCIAL MARKET: Hospitals, health care delivery systems, training at medical and nursing schools.

A96-037TITLE:Design and Synthesis of Novel Nanolaminate Materials

CATEGORY: Basic Research

OBJECTIVE: Provide new approaches for the rational design and manufacture of lightweight radhard, acoustic suppressive or
chemically resistive materials from novel nanolaminate materials.

DESCRIPTION: Interactive experiment/first principle calculations, in-situ process control, non-equilibrium processing and
interphase control with gradient materials in conjunction with suitable design principles can provide unique structural materials
surfaces for Defense Materiel. Refractory metal, boron- carbon-nitrogen hierarchial structures are reasonable targets for neutron,
gamma and x-ray resistance. Broad classes of ternary and greater constituent number systems have possible applications and can
be non-equilibrium processed with in- situ process controls by evolving ion beam, plasma and laser processing as well as more
traditional nanostructural processing technologies. Acoustic suppressive materials involve wider use of interactive design
techniques combined with acoustical characterization of nanodimensional multimaterial laminate structures. Experience has
shown that nanolaminate materials have significantly different properties with respect to bulk materials such as current active
materials (ie. Ti-Ni alloys).

PHASE I: Investigate and demonstrate feasibility of innovative approaches to the manufacture and bonding of diverse
materials for specific applications to include lightweight radhard, chemically resistive and acoustic suppressive nanolaminate
materials. Establish chemical bonding and structure of new materials with HRTEM, XPS, RAMAN etc.

PHASE II: Provide prototype with design and manufacturing approaches and cost information. Demonstrate
improvements through prototype evaluations and tests. Identify possible military and commercial markets.

POTENTIAL COMMERCIAL MARKET: Noise and radiation damage resistance are major environmental hazards in both the

commercial and military sectors. The research is intended to provide new innovative approaches to minimizing these in industry,
medicine and on the battlefield.

A96-038TITLE:Hierarchical Polymer Bonded Ceramic Structural Composites

CATEGORY:: Basic Research



OBJECTIVE: Mimic nature's design (synthetic Nacre) for ultra-thin-polymer matrix bonded ceramic "brick and mortar"
composite and characterize the mechanical properties.

DESCRIPTION: Nature provides many examples of high strength, high toughness inorganic/polymer nano-composite structures
in shells, bones, teeth, and horn which incorporate hierarchical design. Ceramics offer many advantages in strength, hardness,
elastic modulus, wear resistance, and chemical resistance at ambient as well as elevated temperatures. A thin organic/polymer
bonding film between ceramic grains has been shown to increase toughness and strength in nacre. This research should focus on
engineering ceramics such as oxides, carbides or nitrides and should address such concepts as the molecular level adhesion,
hierarchical assembly, flexibility, graded structures and method of composite synthesis. The composite should ideally contain
greater than 90-95% ceramic phase and consider hierarchical design.

PHASE I: Develop strategy for polymer/ceramic design, fabricate and characterize the microstructure of a prototype
composite.

PHASE II: Produce components for advanced mechanical property testing and evaluation.

POTENTIAL COMMERCIAL MARKET: If fully successful, this material would have many military and civilian applications
for example; a toughened, wear resistant structural ceramic component having superior acoustic damping, fire resistance,
ballistic performance and/or abrasion resistance. In addition to the increased performance, economic factors may favor the low
temperature processes envisaged in this work.

A96-039TITLE:Novel Polymeric Membranes for Reverse Osmosis Water Purification

CATEGORY: Basic Research

OBJECTIVE: Develop a new type of polymeric membrane for water purification by reverse osmosis that is more efficient and
robust than those currently available commercially.

DESCRIPTION: The U. S. Army has a need for efficient water purification capability in a variety of field settings and uses
commercially available reverse osmosis elements in its water purification systems. The capabilities of these systems do not fully
meet Army requirements, thus the need for a significant advancement in this technology is evident. ~Logistics, maintenance
time, and cost are all important issues since these systems currently require frequent replacement of ineffective membranes
which seriously diminish performance. Poor membrane performance (and even total failure) typically results from fouling and
degradation of the membrane due to many factors including bacterial growth, degradation by chlorine, and normal wear.
Lengthening the shelf life of replacement membranes is also an important issue since they need to be transported and stored for
extended times while exposed to a variety of different environments. This solicitation seeks to solve these problems through the
development of a new polymeric membrane for use in reverse osmosis water purification. Approaches could include developing
a new membrane formulation based upon new kinds of polymers and combinations of polymers, or improving current
membranes through new designs or new methods of preparation and processing. The goal is a membrane that resists fouling,
resists degradation due to exposure to contaminants such as chlorine, is physically robust for long- term usage and storage
(especially in the dry state), desalinates under standard seawater conditions, and has an improved flow rate. The overall
performance of the membrane must exceed current commercial performance. Environmental cognizance is necessary when
choosing materials and processing methods.

PHASE I: Demonstrate proof of concept for a new polymeric membrane for reverse osmosis water purification that is
resistant to degradation and fouling with substantially increased efficiency and storage life.

PHASE II: Optimize water purification efficiency and cost effectiveness by fine tuning membrane properties.
Demonstrate that membranes can be produced with uniform properties during manufacturing.

POTENTIAL COMMERCIAL MARKET: The new reverse osmosis membrane would significantly lower water purification
costs incurred by users by increasing system efficiency while requiring less frequent membrane replacement. With an active and
growing commercial market already established for water purification systems, the advances proposed here would be of great



value to both vendors and users. The membranes should be developed using environmentally benign materials and processing
thus eliminating any negative environmental impact.

A96-040TITLE:Multi-Body Dynamics and Control for Land Vehicle Simulation

CATEGORY: Basic Research

OBJECTIVE: Develop new modeling and computation techniques, control algorithms, and simulation computer codes for
constrained structures consisting of interconnected elastic components that occur in large scale mechanical systems such as
tanks, trucks, trailers, etc.

DESCRIPTION: Military vehicles and equipment, such as rotorcraft, tanks, trucks, trailers, and weapon systems consist of
complex, interconnected multi-body structures. Traditionally, the dynamic behavior of such structures has been modeled and
analyzed on the basis of rigid body models. However, certain components of structures subjected to high intensity dynamic loads
undergo elastic deformations that influence ride comfort and the state of stability of the vehicle or structure. To design such
structures efficiently and effectively, kinematic and dynamic simulations of flexible multi-body systems based on constrained
non-linear dynamics are required. Recent advances in computers and computer graphics hardware and software now permit the
development of computer generated animation schemes that facilitate and improve the process of designing complex vehicle
structures. For general multi-body analysis requirements, research in computational dynamics, inverse dynamics, augmented
Lagrangian methods, etc. for constrained mechanical systems will furnish some of the tools required to develop more robust,
numerical efficient, and faster than real time simulators. In particular, automated generation of the equations of motion of
complex mechanical systems using icon driven pre-processors is a desired methodology. This process would allow the vehicle
modeler (who in general is unfamiliar with computational dynamics theories) the capability to assemble and simulate highly
complex systems merely by indicated the types of connective elements between primary structures of the system. It is anticipated
that successful completion of the proposed development system would need to incorporate elements of vehicle dynamics
formulation methodologies, "X-window" type user interfaces and some degree of internal checking schemes for accurate and
realistic modeling. This methodology should also allow for a "turn key" capability that will generate optimized code permitting
real time (or near real time) simulation capabilities. This code could additionally be ported to physical motion simulators for use
in man-in-the-loop simulation excursions. Also, parameter estimation is a useful methodology for validating simulation models
versus actual field data. This could be a part of an expert system that attempts to identify model deficiencies in multi-body
dynamic systems. It could also be used for model reference adaptive control schemes, where plant dynamics are not precisely
known. Research into structural control methodology within the context of this application is necessary to increase performance
of such large complex systems in general and to increase efficiency of the many components in particular. Vehicle rollover, for
example, is an important consideration in the design and operation of Army vehicles, and improved dynamic stability controls
could be used in a real time sense to help prevent vehicle rollover.

Of special Army relevance is the development of high resolution computer based modeling and simulation methodologies for
analytical and physical assessment of ground vehicle systems. Research requirements should be focused on automatic
formulation of the constrained equations of motion, symbolic equation processing, parameter estimation, generation of computer
codes, computational methods, and algorithm optimization for computer architectures, model reduction and error quantification
techniques, fluid payload dynamics, suspension systems and control, weapons positioning control, optimization techniques, and
non-linear control methods.

PHASE I: Design and implement X-window and PC windows graphical user interfaces to accommodate multiple
simulation methods in support of a virtual prototyping initiative. Emphasis in design should be on the accommodation of several
alternative simulation methodologies including recursive, redundant, and symbolic/non-symbolic formulations. Implement a
representative subset of simulation methodologies, including at least one recursive, non-recursive, and symbolic formulation.
Design and implement software interfaces to available commercial animation engines, including, fo