NAVY
PROPOSAL SUBMISSION
INTRODUCTION

The responsibility for the implementation, administration and management of the Navy SBIR program is with the Office
of Naval Research (ONR). The Navy SBIR Program Manager is Mr. Vincent D. Schaper, (703) 696-8528. The Deputy
SBIR Program Manager is Mr. John Williams, (703) 696-0342. If you have any questions of a specific nature, contact
one of the above persons. For general inquiries or problems with the electronic submission, contact the DoD Help Desk
at 1-866-216-4095 (8AM to 8PM EST). For technical questions about the topic, contact the Topic Authors listed under
each topic on the website before 3 December 2001.

The Navy’s SBIR program is a mission-oriented program that integrates the needs and requirements of the Navy’s Fleet
through R&D topics that have dual-use potential. Information on the Navy SBIR Program can be found on the Navy
SBIR website at http://www.onr.navy.mil/sbir. Additional information pertaining to the Department of the Navy’s
mission can be obtained by viewing the website at http://www.navy.mil.

PHASE I PROPOSAL SUBMISSION:

Read the DoD front section of this solicitation for detailed instructions on proposal format and program requirements.
When you prepare your proposal, keep in mind that Phase I should address the feasibility of a solution to the topic. The
Navy only accepts Phase I proposals with a base effort not exceeding $70,000 and with the option not exceeding
$30,000. The technical period of performance for the Phase I should be 6 months and for the Phase I option should be 3
months. The Phase I option should address the transition into the Phase II effort. Phase I options are typically only
funded after the decision to fund the Phase II has been made. Phase I proposals, including the option, have a 25-page
limit (see section 3.3). The Navy will evaluate and select Phase I proposals using scientific review criteria based upon
technical merit and other criteria as discussed in this solicitation document. Due to limited funding, the Navy reserves
the right to limit awards under any topic and only proposals considered to be of superior quality will be funded. The
Navy typically provides a firm fixed price contract or awards a small purchase agreement as a Phase I award.

It is mandatory that the entire technical proposal, DoD Proposal Cover Sheet, Cost Proposal, and the Company
Commercialization Report are submitted electronically through the DoD SBIR website at
http://www.dodsbir.net/submission. If you have any questions or problems with the electronic submission contact
the DoD SBIR Helpdesk at 1-866-216-4095 (8AM to 8PM EST).

NEW REQUIREMENT: ALL PROPOSAL SUBMISSIONS TO THE NAVY SBIR PROGRAM MUST BE
SUBMITTED ELECTRONICALLY

Complete electronic submission includes the submission of the Cover Sheets, Cost Proposal, Company
Commercialization Report, the ENTIRE technical proposal and any appendices via the DoD Submission site. The DoD
proposal submission site http://www.dodsbir.net/submission will lead you through the process for submitting your
technical proposal and all of the sections electronically. Each of these documents are submitted separately through the
website. Your proposal must be submitted via the submission site on or before the 3:00 p.m. EST, 16 January 2002
deadline. A hardcopy will NOT be required. A signature by hand or electronically is not required when you submit
your proposal over the Internet.

Acceptable Formats for Online Submission: All technical proposal files will be converted to Portable Document Format
(PDF) for evaluation purposes; therefore, submissions may be received in PDF format but other acceptable formats are
MS Word, WordPerfect, Text, Rich Text Format (RTF), and Adobe Acrobat. The Technical Proposal should include all
graphics and attachments, but not include Cover Sheets or Cost Proposal as they are submitted separately. Technical
Proposals should conform to the limitations on margins and number of pages specified in the front section of this DoD
Solicitation. However, your Cost Proposal will only count as one page and your Cover Sheets will only count as two, no
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matter how they print out after being converted. Most proposals will be printed out on black and white printers so make
sure all graphics are distinguishable in black and white. It is strongly encouraged that you perform a virus check on each
submission to avoid complications or delays in downloading your Technical Proposal. To verify that your proposal has
been received, click on the “Check Upload” icon to view your proposal. Typically, your proposal will be uploaded
within the hour. However, if your proposal does not appear after an hour, please contact the DoD Help Desk. It is
recommended that you submit early, as computer traffic gets heavy nearer the solicitation closing and slows down the
system.

Within one week of the Solicitation closing, you will receive notification via e-mail that your proposal has been received
and processed for evaluation by the Navy.

PHASE I ELECTRONIC FINAL REPORT:

All Phase I award winners must electronically submit a Phase I summary report through the Navy SBIR website at the
end of their Phase I. The Phase I Summary Report is a non-proprietary summary of Phase I results. It should not exceed
700 words and should include potential applications and benefits. It should require minimal work from the contractor
because most of this information is required in the final report. The summary of the final report will be submitted
through the Navy SBIR/STTR website at: http://www.onr.navy.mil/sbir, click on “Submission”, then click on “Submit
a Phase I or II Summary Report”.

ADDITIONAL NOTES:

1. The Small Business Administration (SBA) has made a determination that will permit the Naval Academy, the
Navy Post Graduate School and the other military academies to participate as subcontractors in the SBIR/STTR
program, since they are institutions of higher learning.

2. The Navy will allow firms to include with their proposals, success stories that have been submitted through the
Navy SBIR website at http://www.onr.navy.mil/sbir. A Navy success story is any follow-on funding that a
firm has received based on technology developed from a Navy SBIR or STTR Phase II award. The success
stories should be included as appendices to the proposal. These pages will not be counted towards the 25-page
limit. The success story information will be used as part of the evaluation of the third criteria, Commercial
Potential (listed in Section 4.2 of this solicitation) which includes the Company’s Commercialization Report
and the strategy described to commercialize the technology discussed in the proposal. The Navy is very
interested in companies that transition SBIR efforts directly into Navy and DoD programs and/or weapon
systems. If a firm has never received a Navy SBIR Phase II it will not count against them. Phase III efforts
should also be reported to the Navy SBIR program office noted above.

NAVY FAST TRACK DATES AND REQUIREMENTS:

The Fast Track application must be received by the Navy 150 days from the Phase I award start date. Your Phase II
Proposal must be submitted within 180 days of the Phase I award start date. Any Fast Track applications or proposals
not meeting these dates may be declined. All Fast Track applications and required information must be sent to the Navy
SBIR Program Manager at the address listed above, to the designated Contracting Officer’s Technical Monitor (the
Technical Point of Contact (TPOC)) for the contract, and the appropriate Navy Activity SBIR Program Manager listed in
Table 1 of this Introduction. The information required by the Navy, is the same as the information required under the
DoD Fast Track described in the front part of this solicitation.

PHASE II PROPOSAL SUBMISSION:
Phase II is the demonstration of the technology that was found feasible in Phase I. Only those Phase I awardees which
have been invited to submit a Phase II proposal by that Activity’s proper point of contact, listed in Table 1, during or at

the end of a successful Phase I effort will be eligible to participate for a Phase II award. If you have been invited to
submit a Phase II proposal to the Navy, obtain a copy of the Phase Il instructions from the Navy SBIR website or request
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the instructions from the Navy Activity POC listed in Table 1. The Navy will also offer a “Fast Track” into Phase II to
those companies that successfully obtain third party cash partnership funds (“Fast Track” is described in Section 4.5 of
this solicitation). The Navy typically provides a cost plus fixed fee contract or an Other Transition Agreement (OTA) as
a Phase IT award. The type of award is at the discretion of the contracting officer.

Upon receiving an invitation, submission of a Phase II proposal should consist of three elements: 1) A base effort, which
is the demonstration phase of the SBIR project; 2) A separate 2 to 5 page Transition/Marketing plan (formerly called a
“commercialization plan”) describing how, to whom and at what stage you will market and transition your technology to
the government, government prime contractor, and/or private sector; and 3) At least one Phase I Option which would be
a fully costed and well defined section describing a test and evaluation plan or further R&D. Phase II efforts are
typically two (2) years and Phase II options are typically an additional six (6) months. Each of the Navy Activities have
different award amounts and schedules; you are required to get specific guidance from that Activity’s SBIR
Program Manager before submitting your Phase II proposal. Phase II proposals together with the Phase II Option
are limited to 40 pages (unless otherwise directed by the TPOC or contract officer). The Transition/Marketing plan must
be a separate document that is submitted through the Navy SBIR website at http://www.onr.navy.mil/sbir under
“Submission” and also included with the proposal submission online. All Phase II proposals must have a complete
electronic submission. Complete electronic submission includes the submission of the Cover Sheets, Cost Proposal,
Company Commercialization Report, the ENTIRE technical proposal and any appendices via the DoD Submission site.
The DoD proposal submission site http://www.dodsbir.net/submission will lead you through the process for submitting
your technical proposal and all of the sections electronically. Each of these documents are submitted separately through
the website. Your proposal must be submitted via the submission site on or before the Navy Activity specified deadline.
The Navy Activity that invited your PH II may also require a hardcopy or your proposal.

All Phase IT award winners must attend a one-day Commercialization Assistance Program (CAP) meeting typically held
in the July to August time frame in the Washington D.C. area during the second year of the Phase II effort. If you receive
a Phase II award, you will be contacted with more information regarding this program or you can visit
http://www.navysbir.com/cap.

As with the Phase I award, Phase Il award winners must electronically submit a Phase I summary report through the
Navy SBIR website at the end of their Phase II. The Phase II Summary Report is a non-proprietary summary of Phase II
results. It should not exceed 700 words and should include potential applications and benefit. It should require minimal
work from the contractor because most of this information is required in the final report.

The Navy has adopted a New Phase II Enhancement Plan to encourage transition of Navy SBIR funded technology to the
Fleet. Since the Law (PL102-564) permits Phase III awards during Phase II work, the Navy will provide a 1 to 4 match
of Phase II to Phase III funds that the company obtains from an acquisition program. Up to $250,000 in additional SBIR
funds for $1,000,000 match of acquisition program funding, can be provided as long as the Phase III is awarded and
funded during the Phase II. If you have questions, please contact the Navy Activity POC.

Effective in Fiscal Year 2000, a Navy Activity will not issue a Navy SBIR Phase II award to a company when the
elapsed time between the completion of the Phase I award and the actual Phase II award date is eight (8) months or
greater; unless the process and the award has been formally reviewed and approved by the Navy SBIR Program Office.
Also, any SBIR Phase I contract that has been extended by a no cost extension beyond one (1) year will be ineligible for
a Navy SBIR Phase II award using SBIR funds.

PHASE III

Public Law 106-554 provided for protection of SBIR data rights under SBIR Phase Il awards. A Phase III SBIR award
is any contract or grant where the technology is the same as, derived from, or evolved from a Phase I or a Phase 11
SBIR/STTR contract and awarded to the company which was awarded the Phase I/Il SBIR. This covers any
contract/grant issued as a follow-on Phase I1I SBIR award or any contract/grant award issued as a result of a competitive
process where the awardee was an SBIR firm that developed the technology as a result of a Phase I or Phase II SBIR.
The Navy will give SBIR Phase III status to any award that falls within the above-mentioned description. The
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governments prime contractors and/or their subcontractors will follow the same guidelines as above and ensure that
companies operating on behalf of the Navy protect data rights of the SBIR company.

TABLE 1. NAVY ACTIVITY SBIR PROGRAM MANAGERS POINTS OF CONTACT (POC) FOR TOPICS

Topic Numbers Point of Contact Activity Phone

N02-001 through N02-003 Mr. Rod Manzano MARCOR 703-784-1395
N02-004 through N02-006 Mr. Milon Essoglou NAVFAC 202-685-9172
N02-007 through N02-008 Ms. Susan Schneck NAVSUP 717-605-1305
N02-009 Mr. Charles Marino SSP 202-764-1553
N02-010 through N02-048 Mr. Mark Miller NAVSEA 202-781-3746
N02-049 through N02-103 Mr. Douglas Harry ONR 703-696-4286
NO02-104 through N02-114 Ms. Linda Whittington SPAWAR 858-537-0146

Do not contact the Program Managers for technical questions. For technical questions, please contact the topic authors
during the pre-solicitation period from 1 October 2001 until 3 December 2001. These topic authors are listed on the
Navy website under “Solicitation” or the DoD website. After 3 December, you must use the SITIS system listed in
section 1.5¢ at the front of the solicitation or go to the DoD website for more information.
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PHASE I PROPOSAL SUBMISSION CHECKLIST:
All of the following criteria must be met or your proposal will be REJECTED.

1. Your technical proposal has been uploaded. The DoD Proposal Cover Sheet, the DoD Company
Commercialization Report, and the Cost Proposal have been submitted electronically through the DoD
submission site by 3:00 p.m. EST 16 January 2002.

2. The Phase I proposed cost for the base effort does not exceed $70,000. The Phase I Option proposed cost

does not exceed $30,000. The costs for the base and option are clearly separate, and identified on the
Proposal Cover Sheet, in the cost proposal, and in the work plan section of the proposal.
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NAVY 02.1 SBIR TITLE INDEX

Marine Corps Systems Command (MARCORP)

N02-001 Durability Improvement of Lightweight Track and Suspension Components for Armored Vehicles
N02-002 Remote Thermographer to Measure Skin Temperatures
N02-003 Non-Lethal Area Denial to Vehicles

Naval Facilities Engineering Service (NAVFAC)

N02-004 Dual Sander/High-Pressure Water Cleaning (HP WC) Unit for Recoat Surface Preparation
NO02-005 Pre-Packaged Non-Skid Media for Aviation Facility Flooring
N02-006 Polysulfide Modified Epoxy Novolac Cladding for Steel Immersion/Splash Zone Service

Naval Supply Systems Command (NAVSUP)
N02-007 Obsolescence Management Solutions
N02-008 Three-Dimensional (3-D) Anthropometrie Data; Apparel Application Methods and Tools

Strategic Systems Programs (SSP)
N02-009 Tunable, Reconfigurable Weapon Shock and Vibration Mitigation System

Naval Sea Systems Command (NAVSEA)

N02-010 High Energy Free Electron Laser (FEL) for Ship Self-Defense

N02-011 Battle Force Reliability Modeling and Simulation

N02-012 Video Analysis System for Machinery Condition Assessment

N02-013 Development of Bulkhead and Overhead Coverings Suitable for Naval Marine Applications

N02-014 Lightweight Joiner Panels

NO02-015 Development of High Temperature Barrier Coating

N02-016 Rapid Cryogenic Cooldown Engine

N02-017 Classification Enhanced Target Tracking

N02-018 Statistical Operator Workload Allocation to Maintain USW Performance

N02-019 Robust Ultra High Frequency (UHF) Satellite Communications Protocol for UUVs

N02-020 Remote Controlled Non-Gasoline Burning Water Craft

N02-021 Fluorescent Light Compression/Containment

N02-022 Front-end Controller for an Intelligent Synthetic Forces Simulation Engine

N02-023 Shipboard Power Conversion

N02-024 Automated/Simplified Weapons OMI

N02-025 Non-collinear Wave-front Curvature Range Measurement

N02-026 Sealing Method for Odor Barrier Bags (OBBs)

N02-027 Submarine Rescue Chamber/Hold-down Installation Via Underwater Friction Stud Welding Using
Atmospheric Diving Systems

N02-028 Advance Algorithm for Total Ship Monitoring Improvements

N02-029 Optimized Detection Performance of Broadband Active Sonar in Non-Gaussian Underwater Acoustic
Environments

N02-030 Advanced Ship/UAV Recovery, Securing and Handling Interface

N02-031 Automated Shipboard Provisions and Material Transfer System

N02-032 Modeling Tool for Design, Manning, and Training of Shipboard Aircraft Operations

N02-033 Automated Handling Systems for Launch and Recovery of Offboard Vehicles

N02-034 Scalability and Reusability Methods for Intelligent Tutors and Job Performance Aids for the

Maintenance of Reduced Manning Ships
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N02-035
N02-036
N02-037
NO02-038
N02-039
N02-040
N02-041
N02-042
N02-043
N02-044
N02-045
N02-046
N02-047
NO02-048

Integrated Ship Environmental Management System (IS-EMS)

Engineering Control Human Performance Tool to Enhance Situational Awareness
Low-Cost Automatic Shipboard Wireless Configuration Management

Advanced Digital Array Radar (DAR) Sensor Systems/Subsystems

Multiple Function Distributed Test and Analysis Tool

Multi-Function Displays for Warfighter Consolidation

Radar Technology/Unit Cost Reduction

Low-Cost Wireless Shipboard Local Area Network

Long Range Wireless Network Communication Capability

Non-destructive Battery Inspection Techniques

Thermal Management

Ruggedization of Damage Control Equipment to Meet Shock Qualification Criterion
Low Volume, Low Power, Real Time Image Processing

Automated Battery Assembly

Office of Naval Research (ONR)

N02-049
N02-050
N02-051
N02-052
N02-053
N02-054
N02-055
N02-056
NO02-057
N02-058
N02-059
N02-060
NO02-061
N02-062
N02-063

NO02-064
NO02-065
N02-066
N02-067
NO02-068
N02-069
N02-070
N02-071
N02-072
N02-073
N02-074
NO02-075
NO02-076
N02-077
N02-078
N02-079
N02-080
N02-081
N02-082
N02-083

Technology for Shipbuilding Affordability

Predictive Durability Model for life Extension of Naval Waterfront Concrete

Movable Platform for Deep Water, Wave Power Generation

Computational Physics and Chemistry for Novel Materials

Characterize and Optimize ATR Performance for EO/IR Sensors

High Depth-of-Field Panoramic Video Acquisition and Analysis of Dynamic Scenes

Parallel Patterning for Ultra-Submicron Magnetoelectronic Devices

Packaging and Thermal Management for kW/cm2 Microwave Amplifiers

All-Weather Landmark Identification, Correlation, Geolocation, and Inertial Measurement Unit
High Energy, Long Pulse Laser

Innovative Sensor Technologies for In-Situ Air-Sea Sampling Under High Wind Conditions
Compact, High Density Energy Storage Devices

Four dimensional (4-D) Atmospheric Instrumentation

Ocean Data Telemetry Microsat Link

Novel Methods for Real-time in situ Analysis of Lubricants, Coolants, Hydraulic Fluids, and Fuels for
Condition Based Maintenance

Advanced Energy Scavenging System for Condition-Based Maintenance

Ultralight Periodic Cellular Metals for Marine Expeditionary Fighting Vehicles

Naval Device Applications of Relaxor Piezoelectric Single Crystals

Archival Knowledge for the Design, Manufacture and Visualization of a Set of Energetic Devices
Miniature, Conformal, Waterproof Shear Stress Sensor Array

Simplified analytical procedure for prediction of fracture damage in composite structures
Methods for Monitoring Biodegradation of Pollutants in Estuarine Sediments

Biology-Inspired Propulsion

Legacy System Integrated Multimodal User Interface

Mast-mounted In-Port Video Surveillance System

Conversion of Supercritical Air Self-contained Breathing Apparatus (SCBA) for Diving Applications
Advanced Ship Motion and Air Wake Sensing and Prediction

Synthesis of Polyacetylene Curing Agents

Elevation Data Generation using UAV Imagery

Micro-Chip Laser Beam Switch for LADAR Transmitter Applications

Flight/Hangar Deck Cleaner

Vertical Flight Deck Operations Trainer

Onboard HF Radar Ocean Current Mapping

Directional Acoustic Transponder

Demonstration of a Rugged, Compact, Narrow Bandpass Optical Filter Suitable for Imaging
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N02-084
N02-085
N02-086
N02-087
NO02-088
N02-089

N02-090
N02-091
N02-092
N02-093

N02-094

N02-095

N02-096
N02-097
NO02-098
N02-099
NO02-100
NO02-101
N02-102
NO02-103

Applications

Calibrated CMOS Active Pixel Sensor

A Compact Fluorescence-Scattering System

Compact electronics and segmented nuclear detectors for radiation imaging
Antenna for Shipboard Missile Detection System

Buoyancy Control Package for Miniature Undersea Sensors

Estimation of the electromagnetic energy protection provided for electronic equipment by various
dielectric materials and shielding configurations

Numerical Modeling of Complex Electronic Systems

Data Standardization and Brokering

Infrastructure Vulnerability Analysis System

Virtual-nede Programming Envirenment - Due to the events of September 11, 2001, this topic is no

longer offered.

Detectionand-Fracking-of Low RCS Watereraft - Due to the events of September 11, 2001, this
topic is no longer offered.

Detectionand-Classification-of Drifting Mines - Due to the events of September 11, 2001, this topic
is no longer offered.

Very Low Noise, High Efficiency Propeller Designs for Small UAVs

Cooperative Behavior and Control in Groups of Unmanned Air Vehicles (UAVs)

Very Low Noise, High Efficiency Propeller Designs for Small UAVs

Thermal Management Techniques for Bonded Electronic Components

Innovative Reverse Engineering Protection for Software

Automated Verb Sense Identification

Enhanced visualization of modeling and simulation processes

ComplexNetwork Route-Analysis-System - Due to the events of September 11, 2001, this topic is

no longer offered.

Space & Naval Warfare Systems Command (SPAWAR)

NO02-104
NO02-105
NO02-106
NO02-107
NO02-108
N02-109
N02-110
NO02-111
NO02-112
NO02-113
NO02-114

Daytime Electronic Stellar Imaging

Advanced Doppler Processing

Sensor Multi-statics Planning Tool

Fiber Optic Interconnect Technology

Real-Time Adaptability to the Dynamic Tactical Network

Broadband / Reconfigurable Communication Antenna Designs for X Through Q Frequency Bands
Compact, High-Reliability, and Low-Maintenance Cryogenic-Temperature Cooler

Automatic Feature Evaluator (AFE)

Smart Signal Parser (SSP) and Actionable Intelligence Extraction (AIE)

Integrated Image Processing/Geographic Information System (GIS) Process Development
Broadband/Multi-band Reflector Antenna Feeds Supporting X, Ku, K, Ka, and Q Frequency Bands.
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NAVY 02.1 SBIR WORD/PHRASE INDEX
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BEam TTANSPOTL .....eeiutiiiiieetie ettt ettt et e be e ettt e be e e bee s bt e eabtesabaeeabeesabeeenbeesabeesabeesabeesaneens N02-010
BIIACT ...ttt h et b ettt h e bbbt a e a et b bt h e bt e heea b et et e bbb eaeene et entan N02-076
(0T (<o T b 1 10 s OO PRRPRUSPI N02-070
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BIUC-GICOM ...ttt ettt st et e st et e e st e esaeeste s e enseenseanseessesseesseenseenseanseasseenseseansennsenssansenns N02-107
BOAY FOITIS ...ttt ettt ettt et e ets e e st et e e teessaesseessasssesseessaenseesseenseasseessessaensenssenssansenns N02-008
Broadband ACIVE SONAT .....c..coiuiiiiiieiierierte ettt ettt b e s bt e bt et e et e ea e e s bt e s bt e bt enteeatesbe et e enteebeeteens N02-029
Broadband ANLENNGS..........cccuiiiiieiieieie ettt ertee et eesteeestbeestee e tbeesteeestaeeseeesaeeseeesseabeeebaeabeeesbeessreensrean N02-109
BroadbDand SENSOTS .........ecuieriieiieieiieste sttt ettt et e et e st esse e teeseeeeaessaesseesseensesssesseesseenseenseanseensenseenseensensneseans N02-025
BUIKREAG. ...ttt sttt a et ettt et nbe e N02-013, N02-014
BUOYANCY CONEIOL......eiiiiiiiiiiie ettt sttt ettt e e b e bt et e e s e s beesbtebeemaesaeesaeenbeeneeanteene N02-088
C

[ 41 1S) ¢ OO OO U U USRS N02-104
[0 T T3 1103 ¢3S N02-060
Cartridge Actuated DeVICES (CAD), ....uiiiirieiieiieieeieetiest ettt e see st e st ebesaesseesseeseenseassesssesseenseensennsenseens N02-067
CBM ettt bt bt a etk h e h bt a e a e et e bbbt bt e he et et et e be et bt eheene et enten N02-064
(7S] 1] | OO OO U R PRSP SRPSRRTRRRPONt N02-104
(005 1101 = O ) G e T § Lo TR NO02-065
CIAAAINEG ©vveeeieeiteeiieie ettt ettt et et e et e et e esteesteesae st ae s e enseenseessesseesseanseanseasseasseasaenseenseansesnnesseenseenseanseans N02-006
(@) P TN A TeT: 1o« WP NO02-017, N02-094, N02-095
CIOSEA-CYCIE ...vieiiiieiie ettt ettt ettt ettt et e et e e te e et e e bt esabeeesseesataeanseesabaeensaesnseeanseesnseeenseesnseesnseessseensseenseean N02-004
CTUSEEIINE ...ttt ettt ettt ettt et e et e ekt e e ea e eaeees e e st et e emeeemeesaeees e et e emseensees e e s eenseenseensesmeesneenseenseanseans NO02-111
CIMOS ...ttt h et e a et ettt s a e bt bbbt e a e et et h e bbbttt et be st et be e N02-084, N02-086
Coastal Water Optical CharaCteriZatiON..........cceecvieriieieeiertiereereeeeseeseesieesteeeeeeaesreesseeseesseessesssesseessenssesseens NO02-085
COBLIME .ottt ettt ettt ettt ekt e et et e st e s e a e e e et e seeebeeeeee e emeemsem s e e e s e aaeebeeseemeesseneenseaseasensesaeaseasesaea N02-004, N02-006
COALING, PAINT ....eeeiiieiii ettt ettt et e e e et e st e e bt e st e e e emeeeneees e e st e st eneeeneenaeenteensenneeneans N02-005
COMDAL SHIP DESIZI ...euvieiieiieieeie sttt ettt et et et e e esaeseaessaeseesseessesssessaesseanseenseanseensensaensenssenseensenns N02-032
COMIMEANG......c.uiitieiiietieetiete et ete et e st et e beeteestesstesseesseesseasseasseassasssessaesseassesssesssessaesseesseesseasseassesseensenssenssasenns N02-097
COMIMUINICATION. ...uvvvieieeeeeiiieeeeeeeeeeeaeee et e e e eeeaeeeeeeeeeesaateeeeeeseesaaraeeeesseassteeeseesseassesaseeessesnsreneeesann N02-019, N02-062
COMMIUNICALIONS ....veeuvteestieetieeteeeteeeteeeteesteeesseeseseassseessseessseessssassssassssasssesseesseasseassssssssassessnsesassessssesnnsenns NO02-110
COMMUNICALIONS ANEEINAS .....cuveeeveieiereietierieeteeteestesseesteesseasseassesssesseeseasesssesssesssesseeseensesssssssesssensesssenssessenns N02-109
Complex ELECtrONIiC SYSTEIMS .....ccuviiviiriieiieieieeiteesteeteereeteeaesteesteesseessesssesseesseesseesseessesssesssesseessens N02-089, N02-090
COMPOSILE CIASSITIETS ..euviieiieeiieeieeetieerteette et e etee et e et e s e e ebee s teeebeessbeeenseesaseeasseessseeanseesnsaeanseessseesssaenseean NO2-111
COMIPOSIERS .. venteeneeeeiettettente e e et te st testee st e teeneeemeeesee st enteamseen s e esee s e enseen st emseemsesmeessee st enseenteaneeeneenseanseensenneanseans N02-069
COMMPULET ...ttt ettt ettt ettt ettt ettt e st e ettt e s bt esab e e sa bt e eabeesate e abeesaseeate e bt e e ateesbeeenateeabaeenbeesabaeenseesabeesasaesabeesaneens N02-069
Condition Based MaINTENANCE ........ccueevieiieieerieiieiieteetesteeseesseesesaesseesseesseassesssesssesseessessseessesssessesssesssessenns N02-063
Configuration ManQZEMENT .......ccc.eiuiiiiriieriiett ettt ettt et et et eetestte s bt esbe e bt eaeeeateeseesbe e bt enteentesseenbeentesneenseans N02-037
CONTAINMIMEIIE. ... tteeitieetieeteeeeite et e eeteeeteeesteeeteeeteeesseeesseassseessseesseeessseesseessssensseessseansssessseanseesssaessseessseesssennssean N02-021
Contaminated Water DIVING .......cc.eicuerierierieieeteeteetestt et eteetesetestae e eseesesssesseesseeseenseasseessessaenseensenssesseens N02-074
(070712 o ) OSSP URRTRUSRRTI N02-097
[0aT0] 30 OO SSPSRRTSRRPON N02-063
COOLAOWN ENZINE ...ttt ettt et e st et e et e eaee e st e st e et eneeeneesseenteensesneaseans N02-016
(70T ) 1< PSSP NO02-110
COOPETAtIVE BERAVIOT ....ecuviiiiiceiiciiiciieieeie ettt ettt ettt et et e e b e esbessaesseesbeesseesseessessseessessaensenssenssansenns N02-097
COITOSION PrEAICTION ... ittt ettt sttt et e e e st e s b e bt e bt e maesaeesaeenbeeneeeneeeas N02-099
COTTOSION RESISTANCE ...ecuvvieeiiieiiieeiieeeiii e et ettt ettt e st e e tte e s tbeestbe e tbeestse e sbeessseessaasseessseansseensaeanseassseesssennsseas N02-046
0T A T 13175 10 o S N02-037
L0 1 OO OO OO OO ST PRRSPRRURURROROt N02-024
COVEIINE .ttt ettt ettt ettt ettt e a et e bt ea e e et eh e e eh e e bt e bt e meeea e e eaeeeb e et e emteembeeseeeb e e bt embeembesmeesaeenaeenseenseans N02-013
L0370 T7aTo ] 1<) USSR NO02-110
CIYOZEIIC «.uvvivveiieteeieeteetestesteesseeseesseesseesseesaesaenseenseensesnsesasesseesssanseanseasseasseasseseenseenseensesnsesseesseanseensennsenns N02-110
CIYOZEINIC AT 1.vviiiiitieiieie et et e et e et este et e et e eetesteeste e seessesssesseesseesseesseesseassaassessaesseesseessesssesssesseesseansesseesseensennes N02-074
CIYOZEIICS .. eeteteetee ettt et e e et e bt e bt ea bt ea e et e s bt e bt em bt et e eatesaeeeheesbeemt e emteem b e emeeebeenbe e b e enbeembeemeesaeesaee st enteeneeane N02-016
D

DDIAIMIPETS ...ctiieiie ettt ettt e et e et e ettt e st e e etbeestbeeasae e ssaessaeessseenseeassseesseesasaeanseesnsaeenseeensaeenseeanseeanseeenseeanseenn N02-009
DIALA ...ttt ettt ettt tt et e et et be sttt eRteatenten b e be s e bt eRe st eRe e Rt en s et e st st eseentantestentensesesesenrens N02-062
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Data BrOKEIING ... .oeouiiiieiieiie ettt sttt ettt et e et e et e et e e e es e es e e e st e eseeseeneeeneeem et enseeneenseenteentesneeseans N02-091

Data COIIBCTION ...ttt ettt ettt ettt s e b e bt bttt et et et e s b e s bt sb e e bt ebtebtestentenbetetenbeneens N02-035
Data DISIITDULION ..outitiiteitieieeiietet ettt b et ea et e et et b e sbeeb e e st e st et et e bt sbeebeeaeeatestententenaetebeneens N02-062
DAt FUSIOMN ...ttt ettt h e h et ettt s h e s bt et e ea bt eat e e bt e b e et e e bt e bt eabesaeesaeenbeeaeeneeene NO02-113
DAt PIOCESSINE ... .eenietieeieieete et ettt ettt ettt e et e et et e ea e es e e es e e be e st anseemeeemeeemeessee st anteanseeneesseenseenseeneaseans N02-047
Data StandardiZatiOn.........c..coeriiiririiiet ettt ettt ettt eb et et a e st be bt eae et enaen N02-091
Database INTEEIAtION ......eecvieiiiieiieitierte ettt e et e st eteebeeaestaesteesseesseessesseesseesseesseessesssasseessaessesssesssesssesseenseassenns N02-091
DECISTON SUPPOTTE ..veeevieiiieiieeeite et eete e et esteesteestteesaeestbeessseesseessseesseesssesssseessseensseensaeensseenseenssens N02-040, N02-072
Decision SUPPOTt AULOMATION. ....c.ieuieeieiieriiertt et et et e et et et et eeteseeesae e st eeeeneeeseeeseesseenteeneeeneeeneenseensesneenseans N02-092
DECISION SUPPOTE SYSEEINIS ....vrvveiieitieiietieieetesitesttesteesteesteesteasaesseesseesseasseassesssesseesseenseenseesseensesssensenssenssensenns N02-036
DIEIAIMINALION ..eutititiieetee ettt ettt b et b e a e et et e e st e et e e bt sbeeb e e st e st et et e bt sbeebeeseeaeestentenseneenseteneens N02-069
| DI30310) 1513 w21 2 ) RO OO OO RTURRPRRPRUSPI N02-071
D151 T ) RO PRSP N02-095, N02-104
Detection, Track, and Classification (DCL) ..........ccveiirierieiieieeie ettt e e ssae e ensesseens N02-018
DIEVEIOPIMENL ... eeviiiieiietieieete e ette st e bt e bt estestteeteesseeseesseessaessasssessaesseesseesseassesssesssesseesseesseessensaensenssenssasenns N02-093
DD ettt ettt a e a et ettt et e et e ea e eR e et et e eRe oAt eheeaeeR e eneea s et e ke Rt eheeheeneeneententenseteteteateas N02-106
DICIECIIIC FEEAS ..uvviiiiieiii ettt ettt e et et e et e e teeetee e baeeaseeesteaesseeenteeenseesaseessseessseesssanssean NO02-114
DIHESEL...c.ee ettt b bbbt e a et b e bbbt bt bt e st et et et et e N02-020
DITTTACTIVE OPLICS uvievvieeiiitieiiieitieieeteetestte st esteesteesaeettesseesseesseesseessessaesseesseesseassesssesseeseesseessesssenseensenssenssansenns N02-078
Digital E1evation Data ...........cociiiiiiiiiiie ettt ettt ettt b et et ettt ettt seeeeeens N02-077
DiIreCted TIANSPATCIICY ....ouveeueieuieeiieitieeteete et et setesteeste et eneeeseeesee st enseenseemseeneesseesseenseenseeneeeneeeneesseenseensesneanseans N02-052
DIrECtioN FINAING.......iioiieiieiieieeiestieieete ettt ettt e et e st et e essessaessaesseeseenseensesnseanseensesseensennsenssansenns N02-106
DISPIAY ... eetieetiete ettt ettt et e et e bt et e et e e st ekt e st e e s b e e sbestbesae e b e e s bt eraeeRe e et e e beenbeesbeesbeeta et e enbeeraeeraesaeenseenseanseans N02-040
D] 010 T | OO URUSUSRI N02-026
DiStributed SAMPIINE ......cc.eeiiiiiiiiieee ettt et e ettt e ee st e s et e bt e et eneeeseeesee st eneeeneeeseeteenseeneeneans N02-088
DISEIDULEA SEISOTS ... euvetitieiieiteiesteete ettt ettt et b e st b e eb e eb et et be bt beebeeb e et et e besbeebesbeebeeneennen N02-088
DIEVIART -ttt h e bttt et et e e s et b e e bt e bt e st e st ea et e b e e bt bt eb e e bt eh e et et e be et e ebeeae bt eneenean N02-014
DIHIVIIIZ ettt ettt ettt et ettt e e et et et e et e et e eh e e st ee e eaeea s e ee e ke eR e ee e ee e en e en s et e ke bt eheeneeneentent et e aneeaeeneeneeneeneennan N02-027
D03 03 o] (<) USSP NO02-105
DIULADILIEY ... ettt ettt sttt et e et et e e st e e st e b e en s e enseensesseesseesseanseenseasseessesaenseenseensesnnesaeenseenseanseans N02-001
| TN I 1< OO USRS N02-058
DyNamIC MOARIIINE ... .eeeeieieitieiiee ettt ettt st st e s bt et e et e eat e e st e etee bt enteeseeebeenbeenteeneanseans NO02-111
DyNamic NEtWOTKING. ........eecuieiieiieitieiiete ettt et ettt e et et e bt e teea e seaeeseesseesseeseenseeneeeneeeneesseenseensenneanseans N02-108
E

ELaStIC SCALLEIINE ....euveetieeieitieeieet ettt ettt st te st e et et et e es et e et e en s e enteenteeseesseesseenseenseemteenseeneesseenseensenneaseans N02-085
ELECIIOCHEIMICAL ......oooiieviiieeeie et e e e e e e et e e e e ee e e eareeeenneeean N02-044, N02-048
Electromagnetic MOAEIING. ........cecviiiiiieiiieiiieie ettt et e e ebeeevesetestaesteeseesbeessessaesseesseesseesseessesssesenssenssansenns N02-089
Electromagnetic PrOtECTION .....c.eiiiiiiieieit ettt ettt ettt st ettt et eeaeesbe e teen e eeeenneans N02-089
Electromagnetic SUSCEPUDILILY ......oiuiiriieiieieeie ettt ettt ettt s e st et e et et e enteeneeteentesneenneens N02-089
EleCtro-MEChanICal.......cc.eiiiiiiiiieiericciet ettt ettt et ettt st b ettt neen N02-007
Electromechanical Sensors and ACUALOTS ..........eeuereeierierieriertestesie ettt ettt e sttt st ebeeee et este st e tesbeseesbesbeseeas N02-066
Electronic Warfare Self-ProteCtiOn ...........cciviivuiviiiiiiiiiiiieeeeeeeeeeeee e e e e e e e s eeaaaeeee s N02-089, N02-090
ELECIIOMICS ...ttt e e e e e e et e e e e e e e eaaeeeeeaaeeeeetaeeeeneeeeenneeean N02-007, N02-104
ELECIONICS PTOCESSINE ....c.vievieiiieiieieiesiiertiesieetesteettestteteesseesteessesseeseesseenseessesseesseeseenseanseessesssessaensenssenssensenns NO02-055
ELeCtrO-Optic DETIECIOIS .. viiuvieiiiiiiiieieiiecte ettt ettt e st ettt et e et e s et e te e beesseesbesseessaesseesseesseasseessassaensesssenssansenns N02-078
2510101t Ia 1<« ORISR N02-093
BV LS ettt ettt ettt et e bttt e Rt e st ea s e b e be sttt eRteRtenten b e be Rt et e eneentensensebeeseeseeneentensensn N02-035
ENEIZY SCAVEINZINEZ ....vieviiiieiieieeteeteeteette st et et eteeettesteeseesteessesssessaesseesseenseansesssasssensaenseenseessensaensenssenssensenns NO02-064
ENETEY SEOTAZE ..eevvieiieeiieeiie ettt ettt ettt ettt et et e et e ettt e bt e esteeestbeenseesabaeenseesasseenseesnsaeenseesasaeanseesnseenssesnsnean N02-060
ELZINC ...ttt ettt h e bt b ettt e h e eh e e bttt st e eh e e bt e bt e bt eateeaeenaeenbeeteeneeene N02-020
ENGINEEring DIAWINES .....c.eecuieierieitiertierieeie ettt etee st et et eete et eess e e te e st enseeaeesseesseesseenseenseeneeensesseeseensesneanseens N02-067
ENVITOTITIEIIE ...eutetitiite ettt et b e sttt b e eb e eb et et et b e e bt sbe e bt ebeebtes b et en b e e entebeneens N02-093
ENVITONIMEITAL ...ttt ettt et ettt et b e bt bt et e et e st e e bt sbeebeeneeneestentensentetebeseeas N02-021
Environmental COMPIANCE .........ccvieiuiiiiieeiii et eciee et eete et stee et e esteeestaeesaaeessbeesaeesssaesseessseenseesnseessseenssenn N02-035
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EnvIronmental Data .......ccccuveeiiiiiiiiiieiiieee ettt et e e e e et e e e e e e e — et e e e e e e e ettt eeeeeearaaareeeeeann NO02-113

Environmental Management SYSIEIM ..........ccueeiiriieriierieeieeiestestesteesaesteseesseeseenseessesseesseesseensesssesseesesssesseens N02-035
ENVIronmMental SENSING .......ccuveeiiiiiiieriieitierie e eteeee st esteebeetbeettesseesteesseessesssesseesseesseesseesseasseessesseessesssenssessenns N02-059
EO/TR ..ttt ettt ettt h e et e et e e st e st e e et e be et ekt Rt eh e e a e et et e Rt ekt eReen s et et e ateeteebeeneeneeneenean N02-073
EO/TR SEINSOT ....eiiuitiiiieeitieeite et te et e et eette e bt e ebeeesbeessbeeasseesasaeasseesssaaasseesssaaasseesaseaasseesssesanseessseessseessseesssennseean N02-053
EPOXY IMOTEAT ..ottt ettt ettt st e e s bt e et e s bt e e abeesabeeeabeesabeeenbeesabeesabeesateesabeenneean N02-005
ESUATING SYSTEIMS ...cuvvitiiiieiieieitesteeste ettt e et e sttete e beesbessaesteesseesseessesseeasaesseenseessesssessaessaensesssesseesssesseenseassenns N02-070
5 q 02816 -1 o) TSSO NO02-061
EXPOIT SYSTEIM....euiiiiiieiiie ettt ettt et e bt e bt e ettt s bt e e bt e e bt e e bt e sabeeeabeenateenabeebee s N02-103
EXPEIT SYSTEIMIS ..eeitieiiieeiteitt ettt ettt ettt et s bt st e s bt e s beesabeesabeesbaeebeesatean NO02-111, N02-112
F

21 0) o o) (o | A USSP N02-083
FAITUTE ...ttt b bt ettt et e et b e bt ekt e bt e bt e bt et e bt bbbt eheeb e enten et et e tenten N02-069
FalS@ AL ...ttt ettt ettt et e a e bt et e e e et e e bt e bt ettt et saeenaeeteenteene N02-017
FalSE AL RALES.....viiiiiieiieiiiecie ettt ettt et et e et e e tbeeteeebaeesseeestaeesseesssaessseesssaaasseeesseesssaessseeanseens NO02-018
FRature EXITACTION. ..c..eiuiitiitiiiieiietetet sttt ettt bbbt ettt besb e e bt ebeeateat et et e e enaenbeneens NO02-112
Feature SPace PartitiONINg ..........cciieuiiierieriierieeteeteetesteesteeseesreeesessaesseesseesseessesssesseesseesseesseessessaessesssenssessenns NO02-111
FIDEE OPLIC -ttt ettt ettt ettt et et et e e bt e bt et e e st en e em s e e e s e ebesbeeaeeaeeseeneenseseasesesaeeteaneaaea N02-024, N02-107
FATE COALIMNE ...t enteeeet ettt ettt ekt ettt e et e s bt e bt et e e e emeeeaeesa e et e emteenseeseeeseenseenseensesmeesneenseenseanneans N02-015
FLght DECK CIEANET .......eetieiieiieeiieeiiett ettt ettt et st e st t et e esaesseesstesseanseenseessesssesseenseensesnsesnnesaeesseenseansenns N02-079
FLOALINE ... vi ettt ettt ettt ettt et e et e bt e st e esb e e st e esaesbeessaesseessesseesseeseenseesseesseassesssessaenseessessnesssesseenseansenns N02-095
FIOW SEPATALION ... uieieiieiiiieeieeeieeete et et ettt e et e e sttt e sbe e sttt e s sbeessbeessbaessseessseensseessaesseesssaenseesnseeanseessseessseenseean N02-068
FIUOTESCOICE ...t eiiie ettt ettt e et e et e et e et e st e e e abeesabeeesseesabeaesseessbaaasseessseaassaesssseanseesasaeasseassseessseenseean NO02-085
FIUOTESCONt LIGNEING ......eeiiiiiieiieie ettt sttt et e e e st e ete e st e ensessaesseenseensesnnesseenseenseansenns N02-021
FLYWREECIS ... vttt ettt ettt e e tb e s ttestaesbeesseesseeseeessaseesseessaessesssenseenseessessaesaeeseenseansens N02-060
FOOA SEIVICE ...ttt et a e et s b e b e bt et e et e eat e e bt e et e e bt eaeeeaee bt enteeneenbeanseans N02-031
FTE@ EIECIION LLASET ... .ceiuiiieiieiiiecie ettt ettt ettt et e e st e et e e beeeteeesbaeasseeesseaesseesssaessseesssaeanseeanseeassaessseasnsenas NO02-010
FrEE-SPACE OPLICS ..eevriiieiieiieieeiesteertt et et et e st et e e esbessaessaesseesseesseessesseanseenseansesssessaeseensesnsesanesaeenseenseansenns NO02-107
Friction StUd WEIAING........coouieiiiiiiiieiierieesit ettt ettt et e st e te e teesbeesbessaessaesseesseesseasseessesseensenssenssassenns N02-027
FLICTIONAL DITAZ ...ttt ettt et e a e b e b e bt et et e s et e sh e e s bt e bt em bt eneeeaee bt enteeneenneanteans N02-068
LIS ettt ettt ettt e et e e bt e ettt e e ta e e tee e taeebee e bt e abee e bt e ebae e baeanbeeenteeanbeeasbeeenbeeasbeenraeenseean N02-063
FUZZY LUOZIC ..ttt ettt ettt et et e e e e e st e e st e s e e s seanseessesseessteseenseanseassaeseeseensennsensnansenns N02-103
G

GIIIL ettt b e bt eh et b et b bbbt e a ettt bbbt bt bt et et e bt bt e bt bt eheeb e eatea b et et e teneen N02-087
GEOLOCATION. ...ttt etttk ettt ettt s bttt b e e st e s et et e e bt s bt ebeeh e eb e em e et et e seeebeebeentemeens e benbeebesneeneeneenean N02-106
GIANt MAZNELOTESISTANICE ......veeuieeieitietiete ettt ettt et ettt ea e et e bt e bt enbeeateeseesbeesbee bt embeeateeseeeneeebeenteentesseaneeans N02-055
Gl ettt ettt ettt ettt ettt e et e a et beehe bt eA e Rt eRten s et e s s e te Rt eReeReeRtentenseeseeseeseeneantestentensensensentenrens N02-113
G S bttt ettt e h et h e a ettt b h e bbbt bttt st st re e N02-057, N02-104
H

HATA MALETIALS ...ttt ettt bbbttt et s b e bt sbeeb e bt ebe e bt et et e e et eteneens N02-052
HAZardOUS IMALETIALS .....c..eeuiiiieiieietete sttt ettt ettt bbbt s et et et e b sb e ebeebeeaees b et entententebeneens N02-001
HAZATAOUS WASTE ......eeiieie ettt ettt et s b et e bt e e e es e e bt e s bt ebeemaesaeesaeenbeeneeeneeens N02-021
5 (0 OO N02-080
HeEalth MONIEOTING .....eeuvieiiieiiesiiesieeieete et ete ittt et e e st e bt esbeessessaesseesseenseensesssesseanseenseenseansesnsesnnesseenseenseansenns N02-064
HEAE S@ALET ...ttt ettt ettt ettt et h e bt et e b et et s bt et e et eaee e N02-026
3 (5] 1o 0] o1 USRS N02-080
Helicopter Control OFfICOT . .......uiitiiiieiieie ettt ettt st e s et e et et et e eneesseeteensesneanseans N02-080
HE RAAAT ..ottt b e bttt et b e s h e bt e bt ea et et et st e b sbe bt et enaen N02-081
High Depth-Of-Field .......c.eooiiiiiiiiiieiiee ettt ettt ettt e s taesteesbe e seesseesaeesseessesseensenssenssanseens N02-054
High POWET DIENSIEY......eietieiiieiieeiieit ettt ettt e b e b et et et esaeesbee bt e et em bt emteeaeesbeenteentesneanseans N02-056
High Pressure Water CIEaNING............oviiiiieiieit ettt ettt ettt st e seee s et e et ente e eeneeeneenseensesnnenseans N02-004
High Temperature SuperCONAUCLIVILY .......cecveruieriieiieieetestieseeteeteseestesseesseessessaessaesseenseasseessessaessaensessesseens N02-016
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High Temperature SUPErCONAUCLOTS ..........oiuieriieiieieetieste et et eee ettt ee st eteeeeseeeseeeseeeeeeneeeneesseesteesseeseennesseens NO02-110

High-POWET MICTOWAVE. .....evieiiiieiieriiesttete et eetestte e teetesaessaesseesseenseansesseesseenseenseensesssesseessennsens N02-089, N02-090
High-Temperature (High T _C) SUPETCONAUCTIVILY ......eevvieriieiieiieieiieieerie et eteseeeeeeesteeseesseessesesessaesseesseesnens N02-052
High-Temperature COALINE ......c.coutiieiiertierteee ettt ettt ettt et et e bt e bt et e st e sbeesbee bt e bt esteeateebeebeentesneenseens N02-015
High-Wind ENVIFONMENES ... ...cuiiiiiieiieieeie ettt ettt e sttt e e eeteeseesseesseeseenseeneeeneeeseeeseenseensesneanseens N02-059
HPA ettt et ettt bbbt N02-038, N02-041, N02-045
H TS ettt b e a e b e a e s et e b e bt e h e bt h e e a b et e bbbt eb e e bt et et et e b et e bt eheeneeneeneen N02-110
HUIMAN .ttt h e bttt ettt e a e eh et e et e a e ea e eb e e bt e bt emaesaeesbeenaeeneeeneeene N02-039
Human System INtEEIation ..........ccoouiiiiiiiiiee ettt ettt ettt e s st e et e bt eneeeneeeneenseensesneanseans N02-032
HUMAN SYSTEIMIS ..ottt ettt et ettt e st e e bt esa bt e s abeesabeesabeesabbeenbeesabeesaseesabeesaneess N02-072
Human SyStems INTEEIatiON .........c.cicuiiiiiieiiieiieteeteetesteesteeteeaestesaesteesseessesssesseesseesseesseesseessesssesseessenssessenns N02-036
Human-Computer INTETTACE ........eeeiiiiiieiiieit ettt ettt e tee et eetee e taeesseessbaeesseesnsaesnsaensseas N02-036
HyYAraulic FIUIAS ...cooueeiieiieeeeee ettt ettt et et e et e s bt e bt et e e neeemteeneeeneesseenteensesneaseans N02-063
HYAIOCATDOMNS. ...ttt ettt et et et e et e et e e st e s e esseanseessesseesstasseenseanseassennsenseensennsensnansenns N02-070
I

IIMAGE PTOCESSINE ... evietietieieiieciie st ettt et e et et et esteesaesseesseenseensesssesseesseenseenseesseassenseenseenseansesnnesneenseenseansenns N02-047
TIMIMIETSION ...ttt ettt h bttt et et st b e e bt b e st e st em et e bt e bt e bt eb e eaeea et et e be bt ebeeaeeneeneeneen N02-006
Indications and WAITNES ......cccueiiiiiiiiaiiee ettt b ettt et st esaee s bt e bt e bt esteestesbeeteentesneaseans NO02-112
INELASEIC SCALETINE. ... eeuteeeieieeeie et ettt ettt ettt ettt e et e et e b e e teeaaeeseeeseessee st ense e et eneeeneenseenseensenneanseans N02-085
INOrmation EXErACLION. .....ccuiitiitiriiitiitiitieit ettt ettt et b e st b ettt et e e et enbe e N02-101
INFOrMAtioN SHATINE .......cccviiiiiitieitieti ettt ettt e st e et eebeesaesaeesteesseesseesseessesssasaessaesseessessaesssesseenseassenns N02-091
INFOrmMation WATTATE ..........couiiiiiieiieie ettt st b e bttt et eae e st et en e seeenbeans NO02-106
TIETATEA ..ottt et e e e e e te e e te e e aae e taeesaee e taeanseeestaeenaeeenbaeenbeeenbaeenbaeenbeeenbaeenraeanreens NO02-104
INfTASTIUCTUIE ASSUTANCE ......vvveeierieeeeieee et e et eeae e e e e e e e e e e eeaae e e eenaeeeeeneeeeeenneeeeenseeeeneeean N02-091, N02-092
TN TaStIUCTUIE PrOTECTION ....vvviiiiiiieeeeee et e et e e et e e e eeaaeeeeenaaeeeensaeesenneeean N02-091, N02-092
TIJ@CEOTS .ttt ettt e a e e b e h et e et e e et e sh e e e bt e bt ea bt et e eh e e bt e eb e e bt e bt eateeaeenheenbeeteenteene N02-010
INSTIUMIEIES oo et e e e e ettt e e e e e e ettt e e e e e e e eeeabtaaeeeeeeeanereeeaeeans NO02-059, N02-061
INSUIALION ..ttt ettt b e st b e bbbt e b e bbbt e bt ea et et ettt besbeebe et enaen N02-015
Intellectual Property PrOtECTION .......c.iiviiieiieticiieteeteett et eeie et seee st saeesteesaessaeeeeesseeseesseessesssenseessenssasenns N02-100
INEEILIGEINE TULOTS ...ttt ettt ettt ettt b e b et e s e eate s bt e sbeesb e e et emteem bt eneeeneenbeenteentesneanseans N02-034
IO ETOMIELET ...ttt ettt e et et e et e e tbeetee e tbeeaae e sbeesaeessseensseessseanseeaasaassseessseesssaenseean N02-083
TN-WateT COMPOTNENLS.......eiiuiieiiiieeiiieiiite ittt ettt e st e sttt e st e sttt e st e e sttt e sabeesateesateeateessbeestesabaesnbeesateesaseenseean N02-085
DIV ettt bttt a ettt b e bt e bt e bt e a e e e et bt bt ekt b e bt e bt et e e bbbt bt eh e eb e enten s et et ententen NO02-106
J

JOE SKI ettt ettt h et h e e bt bt et e et e bt e bt eheeh e bt bt e bt et et et et e teneen N02-020
JOD PerfOrmance AdS ........eouii oottt ettt st b e b ettt st e et e a et e et eaeenteens N02-034
JOIMET 1ottt ettt ettt e e rtt e et e e bt e e tee e ta e e tee e taeabee e bt e ebee e bt e enbee e baeenbeeentaeenbeeeabeeanbeeesbeensreeneean NO02-014
JOINES .ttt b et b bt a et bbbt h e eh bt sttt h e bbbt e bbbt ea oot ettt N02-069
TP ettt h et b e h e a et h e h bbbt Rt e Rt et e b e bt bt bt eh e eheeb e en e e st et et ebenten N02-020
TP ettt h ettt ettt e h e Rt ea e et et et e At Rt eheeh e eaeen s et e seeheeheeheeneeneentent et eteteteaeeas N02-020
TS ettt a et et et ettt e Rt entea b et et e eAe st eRteRtesten s e beebe R eeseeseeseeneentestentensensensetenrens N02-080
TTIDIS ettt ettt b et b bt bt e st et bt h e bt eb e a et et e e bt e bt ea et et bt b e bt ebe et enten N02-108
JUSE-IN-TIME TTAINING ....eeviiiieiieieeie ettt ettt e e e ste e beesbeesseessestaeseesseessesssessaasseesseesseassesssessaensenssenssasenns N02-034
L

AN et h et h e e et bbbt bt h e h e a et e b e bt b e h e eb e e st e st et et e bentente et naen N02-037, N02-042
LANAING ...ttt ettt h e bt b et a e eh e eh e et e et e en b e eh e e e bt e bt e bt eateeaeesaeenaeeteenteeae N02-030
Landing Signal ENISTEd. ........oooieiiiiieiieeeeeee ettt ettt et e et et e et et e eneeene e teentesneenneens N02-080
ST e e e e et e e e e e et ——— e e e e e ea e ———aaeeeenrrraaaeeann NO02-010, N02-058
Launch and RECOVETY .....cc.eeviiiiiiiiieiieeie ettt st et ettt e etaestaesteebaesseessessaesseesseesseesseessessssessesssensenssenssasseens N02-033
Lead Magnesium Niobate —L.ead Titanate ............cccuieierierierieiieie ettt ettt s e eene s N02-066
Lead Zinc Niobate—Lead TIanAte ..........cceeeeiiiiiiieiiiecieeeie et eeite et e et e e saeesteeestaeeaeeetaeeseeesseeessesenseessseesssens N02-066
| 355 2 7 [PPSR N02-035
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LAGREWEIZIE. ..ottt ettt sttt st e N02-001. N02-013

LINE-OF-BEATING .....ecvveiieiieiieieeteettesit ettt et e stte bt e e e tessaessaesseenseesseeseesseanseanseassesssessaeseensesssesnsesseesseenseansenns N02-106
LIMUGUISTICS ©vvvvievtieteeteeteeteetesttesteesteesteesteettesseesseesseessesssesssessaesseessesseesseesseesseesseassasssensaessaensesssessnessseseenseansenns N02-101
55111 TSSOSO N02-108
| 331470 ¢ | OSSR PRRPP N02-094
Littoral ENVITONIMENT.......cc.eiiuiiiiiieiierie ettt ettt e te s e stae st e eaeestesseesseenseenseessesssessaeseensesnsesnnesseesseenseansenns N02-081
LLOB ettt bt b h e h et bt h bt bt eh e a et e bt eh e bt e bt et et et et et e ebesaeene et enean N02-106
L0CAL ATEA INEIWOTK ...veeuiiieeiiieiiiieeieeeite ettt et et e st e e sttt e sbeessaeessbeessseessbaeasseesssaesseessaenssesnsaeanseessseenssasnseean N02-042
7 <4 1516 o1 USRS NO02-103
LLOMNE PUISE ...ttt ettt ettt ekt et et e et e st e e st e e s e enseeseesseeeseenseenseenseesseesaenseenseenseennesneenseenseanseans N02-058
Long Rang Wireless NEtWOTKING ........c.cccverieriiiiieiiiiesiesteeieete e see e esteeaesstesseesseesseesseesseessesssesseessesssesseens N02-043
Low Temperature SUperCONAUCTIVILY.........oiiertiiiieiieieetieet ettt sttt ettt et sbee st et eenesaeans NO02-016
LS E ettt ettt ettt et b ettt eRteateaten b e bet e st eReesteneenb et e seeseeneeseeneentestentensensensenteerens N02-080
LIUDTICANES ...ttt ettt sttt ettt et e et et e et e esteesteesaeeseenseenseessesseesseaseanseenseessenseensaenseensesnsesnnesneeseenseansenns N02-063
M

MACKINEG CONAITION ......vvieeiieiiieiieeiiest ettt ee st et et este et e esaeesaesseeseesseanseensesssesseesseenseenseanseensesseensennsensaensenns N02-063
IMACKINETY ANALYSIS ...eiviiiieiieeieeieseete et ete et e st e st e bt ebeeseeessesseeseessaesseessesssesseesseesseasseessesssesssensaensenssenssesenns N02-028
MaAgNEtiC IMUIILAYEIS .....ceuieiteeeieetert ettt ettt et s bt e s bt e s b e e et e et eate e st e eaeenbeenbeentesbeaneens N02-055
Magneto-RREOIOZICAL ........couiiiiieee ettt ettt ettt e s st e st e et et e eneeene e teeneeeneanneans N02-009
IMAINEAINADIIIEY . ...c.eeetiiiieit ettt ettt et et et e esteetaeeseesse e seesseasseessesseesseenseenseanseassensseseansennsenssansenns N02-049
IMAINEAINADIE ......eeoviiiiiciieiieie ettt ettt et e et e s te et e esbeesbeetsesse e saesseesseessesseesseesseesseesseassessseseensenssenssansenns N02-013
Y B33 1<) T ) Lot PP N02-037, N02-079
MaiNtENANCE TTAININE ... .c.eieuieeeieetieitieie ettt ee et et et et e et e et e et enteenteenseeseesseesseenseenseeneeeneeeneesseenseensesneanseans N02-034
IMLATIPOWET ...ttt ettt ettt ettt ettt ettt ettt et e bt e ettt e bt e e bt e e bt e eabeeea bt e eateeeabeeeabteeabeeeabeeeabeeenbeesabeesabeesateennbeeaeen N02-032
IMANUFACTUTIIIZ ....evvivieiieieeteeie st e st e e et e et e steesteesbeesbeesseeseessaessaessesssesseesseesseenseasseessesssenssesenssenssans N02-048, N02-049
IMAPPING SYSTEIMS. ..c.ueeutieiteetieitte sttt ettt et ce st e bt et et e et e e sb e et e emteeseesbeesbee bt emteeaeeeseenbeenbeenteenbeemaesaeesaeenaeenseaneeans N02-081
IMIATITIC. ...t euteeeite et et e et e ettt e et e et e et e e eabeesabeeasbeessbeessseesssaensseessseansseeasseansaeasssaensaeansaeenseeenbaeenseeenseeensaeenseaanreens N02-006
MaALETIAl TTANSTT ...evviiieiieiieie ettt ettt ettt et e et e st e e s sa e seesseessessaesseesseenseenseanseensenseensennsenssensenns N02-031
IMEAEETIALS ....veve ittt ettt ettt et e et e et e e tt e e bt e beesbeesseesbeessesseesseesseesseeseeassanseenseesseesseeseenseenseessessaesaeeseenseanseans N02-009
IMBASUTCIMENE .....eevvvieereeereesieentteeeteesereestteessseessseessseessseessseessseensseessaesseessaesseesssaensseesssannseesnseesssessssessssesnseen N02-068
IMECRIANICAL ...eoueviiiiieiieeiie ettt ettt ettt ettt et e e tb e e s tbe e tbeestbeetbe e ebeesseesseensseessseessseessseanseesssaessseassseessseeseean N02-007
A (721G R USSP NO02-113
IMIETAITIC ...ttt ettt ettt ettt et ettt e et e bt e st e e s b e e sbe s st e saesseesseesaesseesseenseesbeasbeass e ta e b e enbeesaeesaesaeeseenseenseans N02-014
A, 1 OSSR N02-065
A (11107 (0] e 2SRRI N02-061
IMIICTOCIECIIOMNICS ....vievieteeieiieieete et et eeete st et esteesaeeseessee st e esseesseessessaesseenseenseanseessesssanseenseanseensensaensennsenssansenns NO02-055
MICTOWAVE PACKAZING ....eviiiiiiieiieii ettt ettt et ett et e e e e esbessae s st e saeesseesseesseessesseesseessaessessaensenssenssansenns N02-056
IMIIDDIS ettt ettt ekttt et h et e it et et ekttt et e ea e eR e ea e et e Re oAt ekt eheeR e eReeasen s e ehe ke eneen s et et e st eteeteeneeneeneannan N02-108
IMITIES o..tieeitieeitee et e et e ettt e ettt et e e e tteestbe e tae e tbeeaaeestseassaeeasseansaeessaeanseeeasaeanseeeaseaenseessbaeenbeeenbaeenbeeenteeanraeenteeenreens N02-095
IMHITUIALUTIZE ...vvevveeienieenieeeteeetesttesteesteesteesteesteesee st enseesseessesssessaeseenseenseesseessanseenseensaesseessenseenseansesnnesaeenseenseansenns N02-061
IMIISSILE ..ottt ettt ettt et ettt et e et e e b e e s be e s b e esbessbesseesbeesseesaeeReeaheenteenbeesb e et b et e et e e beeraeesaesaeenseenseenreans N02-087
IMISSTON PTOTTIES ....viiiiieiiiecieeciee ettt ettt ettt e st e et e e s beeetbeessbe e aae e sbaesseessseenseesnsaeanseensseesssaeseean NO02-011
Mobile LOW Pressure Water JEt........ocviiiiiiiiiciees ettt et vee st e b e s v e e sabeesebeeesbaeesbeesssaensneas N02-079
IMIOGEL ..ttt bbbt et ettt h e h e bbbt ettt sa et b e N02-039, N02-102
MOdeling & SIMUIALION ......ecviiriieiieiieie ettt ettt et e e e e e beeebeseaesteesseeseesseessesssesssesseesseessesssessenssenssansenns N02-022
Modeling and STMULALION. ......couiiiiiiiiiee ettt ettt ettt eesbee st enaesaeens N02-011, N02-106
IMOLION ANALYSIS ...eeitietietteie et eie sttt ettt e st e bt e e e aeeeseesb e e st eneeemeeemeeese e st anseenseeseeeseenseenseansesneesneesaeeeeenseans N02-073
IMOUT ettt b e et b e bt bt eat et ettt b e bt eb e bt st e st et e et e e bt ea s et et et e st e ebesbeeueeneennen NO02-103
IMIUTTICT .. ettt ettt ettt et e ekt e st e et e e sbeesbesttesaeesseesseesseessasaesseessaessessaessaenseessessnesaeeseenseansens N02-098
LY LT 5 1 TSSO N02-058
MUTEMOAAL INEETACLION ....eivvieeiiieiiieetee et et et et et e et e e teeebee e beeebee e baeesseeesseeassesessseanseeensaeanseessseesssennssean N02-072
IMUIIPLIE TMAGES ...vveeveiieiieiieie ettt sttt ettt e e st e bt e st e es b e esaeesaessaesseenseensesseesseesseenseenseenseessensaensenssenssensenns NO02-077
IMUTEI=SEALIC 1.ttt b e b et e s et et e s bt e bt eb e e bt eb e e st et et e sbeeb e e aees b et et e beeteebeeneeneeneeneen N02-106
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NAITOW BaANAPASS ... vieeiieiiieiieeiieecie ettt et e et e et e et e e bt eebeesbeeesbeessseessseesaseessseesssaensseessseesssessssaensseesssesnses N02-083
Natural Language PrOCESSINE ... ..ccueeiiiieiieiiiet ettt ettt ettt st ese e see e bt e ntesseesaeeeeenseeneesseensesneenseans N02-101
INAVAL AVIALION.....eeuiieeieeiieiteie et eteetee st te e e tesetesetesseeseesseesseessenseenseessesnsesssesseenseensesnsesseenseanseensenseanseensenssanseans N02-032
INAVIZALION ..evviiiiiiiiecite ittt et et e et et et e et e e saeetaesteesseesseassesseessaassaesseesseessasssessaesseessesssesssesseesseenseassenssenssasaensens N02-097
INAVWAR ettt ettt a e et et e s et e et e et e eaeeb e e st ea e easem s e s e eseebeeaeeeeemeeneesenseabeeaeebeeneeneeneanean N02-104
NEAT-TINTTATEA ...ttt e et e et e et e e et e e esbeessbeesabeesabeessseessseesseenseeesseasaseesssaensseas N02-058
INIZRE-VISION ..ttt ettt et e s e st e st e e st es s e eeseesae st enseenseensessaesseeseanseanseensanseenseensenssansenns N02-104
NOTSE REAUCTION ...ttt eeae e e e e e et e e e eaaeesenaeeesnnaeeesnaeesenneeeas N02-096, N02-098
NON-AULOCIAVE CUTE......eiiiiiieiieteee ettt ettt e a e et e bt et et eeatesbee s bt e bt e et eeteeateebeebeentesneenbeans N02-099
INONEGASOIINE .....tieeieeiie ettt ettt et et e et e et e e teeebeeebeeeabeeesbeeasseesssaesssaassseesseeasseessseansseansseasseensseasseassseesssaenssean N02-020
NON-GAUSSIAN PIOCESSING ......vievieiieiieiieieete e sttesteete st e st estee st eeteseaesseeseesseensesssesseesseenseanseensessaenseensenssensenns N02-029
NONELENAL. ..t b bt a et e e s b bt s bt bt eb e en et e bbbt eb e heeae et enean N02-003
Non-Radio Frequency COmMMUNICATIONS ........eeuiiuierienieeiieiieeteenttete et etestee st et st siteseeenteenteeaeesbeesteesbeennesneens N02-043
INONISKIA. ...ttt ettt e et e e te e et e e e beeeabeeesbeeesseeasseeassaesasaeasseessseansseessseensseesssaensseensseenseas N02-005
INODIESKIG. 1ttt bbbt et ettt b e bbbt eb e bttt b bt eh et ea ettt h e bbbt eae et eneen N02-079
NON-VOLALIIE IMEIMOTY ... ecuviieiieiieeiieiieieeieeteseesteesteeaeeseesseesseesseesseessesssesaesseassesssesssesseesseasseessesssessesssenssessenns NO02-055
INUCTIEAT DEECTOTS ...ttt ettt ettt ettt e b et e e e et e s bt e s bt e bt et e emtesaeenae e bt enteeneesbeabeenneas N02-086
NUMETICAL MOAELINE ...ttt ettt ettt et et et e bt e e e eseesseesseenaeeneeenseeneeseensesneaseans N02-090
(0]

(012 2 3ROSR N02-026
ODFUSCATION. ...ttt ettt ettt bbbt e bt ee et et s bbbt ebeeb s et et et sa e bt e bt eu b et et e be st e ebesbeebeeneennen N02-100
ODSOIESCEIICE ..ottt ettt ettt b e s bt eh e st et e b et e bt sbeeb e eh e e st em s e s et e ebeebeeateneestentente e etebeneens N02-007
[ 0T 4 OO OO U RPN SRPSRRTRRRPONt N02-062
OCEAN CUITENES ....eviieeiiiieeeiieee ettt e eetteeestteeeattteeesseeessseaeesssseeeassseeessseaeassssesaassseeeasseesansseesanssesesnsseeensseenanes NO02-081
OceaniC FIUX MEaSUICINIENLS. .........ccveriietieriieteeteetesttesteeteeteessesetesseesseeseessesssesseesseesseenseasseassessaenseensenssessenns N02-059
OCANOZIAPNY ..ottt ettt st et eeta e be e b e esseenaenneas N02-059, N02-061, N02-094, N02-095
(0753 2701 ¢« E OSSPSR N02-106
OFfDOAIA VERICIES. .....eviiiiieiii ettt e et e st e e s tbe e s tbe e abeessbeesseesseesseebaeanseeenseeansaesssaeanseeas N02-033
Ol ADALYSIS 1.ttt ettt ettt et e et et e e et esteesaeesae st e et e anseessesseesseeseenseesseessanseanseenseenseenseenaesneenseenseanseans N02-063
OMNI=DITECHONAL.......viiiiiieiicie ettt ettt et e et e saestteste e beesbeeseeeseesseesseessasssasssesseenseessesssesssesseerseassenns N02-087
Open SYStEMS ATCRITECTUIE ....c.ueiiiiiieitietiee ettt ettt ettt sb e e s bt e bt e bt e st e ea e sbeenbeentesneenaeans N02-042
OPErator WOTKIOA ........eieiieieie ettt ettt ettt et e et e et e eae e e st e ss e e bt eneeeneesseenteensesneaseans N02-018
OPHCAL FIIET ...eutieiieeiieciieciiee ettt ettt ettt et e st e s aaesa e e st enseesseesaeeseenseesseanseesaenseensesnsesnnesaeenseenseansenns N02-083
OPUCAL SWILCH 1.ttt ettt e et e et e s aaesae e aeesbeesseesaeeseesseesseesseessessaensenssenssanseens N02-078
Optical Systems for AUVS and MOOTINES .....cc.eeruieiiriiniiniieiietete ettt ettt ettt ettt seaesbeesbeenaeseeens N02-085
OPMUIM CONEIOL.....c.eiiieiiee ettt ettt ettt e st e et et e et e ene e e st e st enteenseeseesseeseensesneesneesaeeneeanseans NO02-112
OVEIREA. ...ttt ettt st bbbt e e sttt b e bbbt ebeea b et et et e st e b sbeebe et ennen N02-013
P

PAINE ..ttt st a et ettt ettt be e N02-004, N02-006
PANCIS ...ttt et st b e bt e bt et ehe e bt ettt ea b sbeebeens N02-014
PAnOTamIC VISION. ...cu.iitiiiiiiieiiie ittt ettt b e b ettt st s atesb e e bt eat e e st eeb e e b e et e e bt emaesaeesaeenbeebeenteens N02-073
o 11 1 1<) U USRS PSRRI N02-093
Pattern RECOGNITION ....c.viiuiieiiiitieiieie ettt ettt et et e et esatesaeesseesseenseessesssessaenseenseansesnnesseesseenseansenns NO02-112
PALEITIS ...ttt b et et et s h e bbbt ea e et e h e bt e bt et et s bee bt e bt et eate e N02-008
PAEZOCLECIIICS ...ttt et ettt b e bt et et e et s a e e sb e e bt ea bt ea e e eb e e b e e bt e bt e bt st saeenbe e et enteene N02-066
PIaSIMA ANTENNA .....eiiuiieiiiieeiieitieeieeeteeeteestteestteestbeesteeestaeesaeetaeasseeessaeasseessseaasseesssaessseesssseasseeenseeasseessseesnseens N02-043
PLASEIC ..ttt b b a ettt b h e bbbt ea et bt bbbt bt bt ea e oot et et e N02-026
POCKELS CIL ...ttt b et b e bt bt et et e e s et ekt e bt ea et et et e st e ebeeaeeneeneenean N02-078
POITULEd SEAIMENTS ...ttt ettt ettt sa et e et e ee e s bt e s bt e beemaeemeesaeenbeeneeeneeans N02-070
Polychlorinated BIphenyIS.......c.coouiiiiiiiieiiet ettt ettt ettt ettt et e et e ene e teentesneenneens N02-070
Polycyclic Aromatic HYAIOCAIDONS .........c.eeiieiieiieiieieeieeieeeee ettt sae st e se e teenseensessaesseensennsanseens N02-070
POLYMEIIC AGRNESIVE.....c.viiiieiiieeiieiiecteete ettt sttt ettt et e e et e et e e beesbeesbeessesssesseesseesseesseassessseassesssessenssenssansenns N02-099



POLYIMEIIZATION ...ttt ettt ettt et e e e et e s bt e bt e seemeeemeeeneeeseese e et eneeeneenneenteenteeneaneans N02-076

o) 10 U USSP N02-093
POSItION OPHIMUZATION .....eviiiieiieiieie ettt et ebeeteetesteesteebeesseessessaesseesseesseasseesseessesseesseessenssesseesenssenssassenns N02-106
POWET ..ttt ettt e e ettt ettt e ke e h e bt a e a e et et e beehe e bt eae bt entent et e ateteeaeeteaneaaen N02-044, N02-048
POWET COMVEISION. ....utiiiutiietieitieeteeetteeteesteeetseesebeesaseessseessseessseasseassseessseasssaassseassseansesassaeassassnseensseesssesnnseens N02-023
POWET SOUICE ..ottt ettt ettt ettt e b e ettt s bt e e bt e e bt e e bt e s bt e eabeesabeeenseesabeesnbeenateesasesseean N02-060
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MARINE CORPS SYSTEMS COMMAND (MARCOR)

N02-001 TITLE: Durability Improvement of Lightweight Track and Suspension Components for Armored
Vehicles

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT ID: Advanced Amphibious Assault (AAAV)
OBJECTIVE: Improve durability and affordability of Lightweight AAAV track and suspension components.

DESCRIPTION: The Marine Corps AAAYV is a 76,000 Ib. armored vehicle designed to operate over harsh off-road terrain and in
oceans and rivers. The AAAV uses lightweight track and suspension components to reduce the vehicle weight by thousands of
pounds. Because the lightweight components are more susceptible to damage than heavier materials, the Marine Corps would like to
enhance the component’s durability without significantly increasing weight and cost. The current track and suspension components
are subject to corrosion, impact, abrasion, and also to high tensile and compressive loads. These components are also expected to
operate in severe environments such as high humidity, seawater, sand, mud, rocks, gravel, etc. Climatic conditions can range from
—65°F to 125°F. The improved components must be capable of correctly interfacing with the existing track and suspension system
design. This will ensure that the improved components can be assembled into the existing track and suspension system without
requiring redesign of other components. Current track and suspension components, which would benefit from durability and weight
reduction improvements include, but are not limited to, road wheels, sprocket carriers, support rollers, idler wheels, and track blocks.

PHASE I: Investigate advanced materials and processes to meet the above objective. The materials could include
conventional and reinforced materials, and the components could be produced from advanced castings, forming
techniques, and forging. Investigate processes that could include, but are not limited to, Friction Stir Processing, Super
Plastic Forming, High Velocity Particle Compaction, laser forming and other processes that may permit producing
components, combined with selective reinforcement of wear resistant materials for improved wear and durability.
Evaluate and develop potential lower cost methods for producing components. Any production method that may result in
any significant weight increase will not be considered. The objective is to produce components with greater durability but
without any significant increase in cost or weight. A trade off analysis will be carried out to evaluate cost, weight, and
durability of the component and the production method. Conduct material and corrosion laboratory testing to insure that
the developed materials properties are suitable for the harsh environment described above. The materials and processes
selected must comply with environmental regulations and requirements and must not include any hazardous materials.
Document the results of the testing and analysis and make recommendations for materials and processes that warrant
further investigation.

PHASE II: Conduct laboratory testing on test coupons to insure that the developed materials and processes meet the component
design requirements. Down-select several track and suspension components for Phase II prototype development. Complete the
preliminary design for each of the down-selected components. Design and fabricate a limited number of prototype components for
testing. The prototype components produced will be used for field testing to be funded and carried out the AAAV Program Office.
The objective of this testing is to verify and insure that the component meets all the design requirements and is suitable for insertion
in production vehicles. The results from the field testing carried out by the government will be made available to the SBIR Program to
help in producing a mature design suitable for full production. The trade off analysis will be updated to reflect the results of the Phase
II testing. Prepare plans for fabricating components that successfully completed field-testing in quantities needed to support AAAV
production and fielding requirements. Document the trade off analysis, test results, and the component fabrication plans in a technical
report. Include conclusions and recommendations in the report.

PHASE III: Demonstrate producibility of the components and develop an implementation plan for the AAAV production.

On the basis of the plan generated in Phase I1, fabricate one vehicle set of each component selected and adequate spares
for insertion in AAAYV Production Vehicle. Develop a plan and demonstrate implementation of these components in
other DoD and foreign governments Programs for armored vehicles and weapons systems.

COMMERCIAL POTENTIAL: Can be used where durable, lightweight materials are required. Commercial applications
include automobile manufacturing, off-road vehicle equipment, and farm equipment.
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REFERENCES:

1. Engineering Design Handbook, Automotive Series Automotive Suspensions, 14 April, 1967, published by United
States Army Materiel Command, pg. 1-22

2. Fundamentals of Vehicle Dynamics, Gillespie, T. D., Copyright 1992, published by Society of Automotive
Engineers, pg.147-189

KEYWORDS: Durability, Producibility, Affordability, Lightweight, Advanced Materials and Processes, Reinforcement,
Hazardous Materials.

N02-002 TITLE: Remote Thermographer to Measure Skin Temperatures

TECHNOLOGY AREAS: Biomedical, Sensors, Electronics, Battlespace
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: Joint Non-Lethal Weapons Directorate

OBJECTIVE: Use infrared thermography to remotely acquire accurate skin temperature measurements under various
climactic conditions.

DESCRIPTION: Some battlefield and other emergence situations require that vital physiological parameters be
measurable when direct contact is not possible. Remote infrared thermography of skin temperatures from individuals at
distances greater than 200 meters is required. Solutions need to be found to compensate for the difficulties inherent in
acquiring remote skin temperature measurements, such as variations in ambient conditions such as temperature, rain, fog,
background noise, etc.

PHASEI: Create innovative approach to measure skin temperature with accuracy of +/- 1 C. Deliver a feasibility study
to address temperature measurement accuracy, range, basic feasibility and cost. The feasibility study shall address means
to compensate for variations in environmental conditions, including extreme ambient temperatures, humidity, fog, and
rain.

PHASE II: Optimize the Phase I design, produce, evaluate, and deliver a full-scale prototype.
PHASE III: Full-scale development testing, and improvement of Phase II prototype.

COMMERCIAL POTENTIAL: Commercial applications of these technologies are possible in the area of civilian search
and rescue activities, the monitoring of environmental conditions associated with such things as industrial air and water
quality, and meteorological data gathering.

REFERENCES:

1. Choi, J. K., Miki, K., Sagawa, S., and Shiraki, K. Evaluation of mean skin temperature formulas by infrared
thermography. Int J Biometeorol 1997 Nov 41:2 68-75

2. Ring, E. F., Quantitative thermal imaging. Clin Phys Physiol Meas 1990 11 Suppl A 87-95

3. Barnes, R. B. Determination of body temperature by infrared emission. J Appl Physiol 1967 Jun 22:6 1143-6

4. http://www.brooks.af. mil/AFRL/HED/hedr/hedr.home

KEYWORDS: Temperature Sensing, Thermography, Remote Thermal Sensor; Vital Signs Monitor

N02-003 TITLE: Non-Lethal Area Denial to Vehicles

TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE: To explore new non-lethal capabilities in the application of measured, selectable force for Area Denial to
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Vehicles that will reduce risks in both noncombatant and combatant casualties, friend or foe and damage to collateral
equipment and structures.

DESCRIPTION: Stop a vehicle in urban/suburban terrain and/or rural open environment. This can be defined as the
intentional denial of an area that has the characteristics of a city or countryside to hostile, friendly, or neutral vehicular
traffic. City environments could include housing areas, single or multistory buildings, and streets from a single lane to
six lanes with a median. Countryside terrain includes rolling or flat, soft or hard ground, forested, lightly forested or
open. This denial includes, but is not limited to, denying vehicular access into an area by not allowing it to breach the
area’s perimeter.

PHASE I: Develop innovative system concept for denying an area to vehicles without significant collateral damage or
casualties.

PHASE II: Optimize Phase I design and demonstrate technology solution against a realistic target.

PHASE III: Build prototype delivery system for technology solution(s) and demonstrate effectiveness of complete
system. This demonstration should involve human test subjects, and as such the correct protocols need to be approved.

COMMERCIAL POTENTIAL: This system could be used by law enforcement agencies for riot, car chase and hostage
situations.

REFERENCES:

1. Joint Non-Lethal Weapons Concept, Signed by LtGen M.R. Steele, Deputy Chief of Staff for Plans, Policy, and
Operations, U.S. Marine Corps on  1/05/98, Available on World Wide Web at
http://iis.marcorsyscom.usmc.mil/jnlwd/

KEYWORDS: Vehicles, Non-Lethal, Area Denial

NAVAL FACILITIES ENGEERING SERVICE (NAVFAC)

N02-004 TITLE: Dual Sander/High-Pressure Water Cleaning (HP WC) Unit for Recoat Surface Preparation

TECHNOLOGY AREAS: Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV NAVFAC Shore Facilities Advanced
Development Project PE 603275N.

TECHNOLOGY AREAS: Materials and Processes: Civil Engineering

OBJECTIVE: Develop a robotic, closed-cycle, dual sander/High-Pressure Water Cleaning (HP WC) unit to clean/abrade
sound coating systems applied to large exterior vertical surfaces.

DESCRIPTION: Neither the Government nor Industry has a robotic, closed-cycle, dual sander/High-Pressure Water
Cleaning (HP WC) unit to clean/abrade sound coating systems, applied to exterior vertical surfaces of fuel and water
tanks, in need of maintenance overcoating. Environmentally preferred water-based, high solids, low Volatile Organic
Compound (VOC) maintenance coatings do not have the adhesion promoting qualities of their solvent-based counterparts
and typically require linear scuff sanding of epoxies, urethanes, and alkyds in order to develop sound overcoat adhesion.
Linear scuff sanding is labor intensive whereas brush-off blast cleaning (SSPC-SP 7) can micro-fracture brittle coatings
and generally requires containment to capture air borne dusts. Furthermore, High-Pressure Water Cleaning (HP WC) and
High-Pressure Water Jetting (HP WJ) (SSPC-SP 12) effectively cleans sound coatings and removes unsound coatings but
is unable to produce the desired scuff sanded surface (dull with visible scratches). The ideal robotic, vertical cleaning,
closed-cycle, dual sander/High Pressure Water Cleaning (HP WC) unit could have the following design specifics: A)
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Pre-cleaning using Low Pressure Water Cleaning (LP WC) at » 4,000 psi, B) Roller sanding with grit impregnated
bristles at » 250 rpm, C) Post-cleaning using High Pressure Water Cleaning (HP WC) at » 8,000 psi, D) * 2.5 foot
cleaning path, E) Oscillating rotary head technology employed in water cleaning, and F) Resulting “cleaned” coated
surface is free of biological growth, grime, chalk, and other contaminants, and appears dull with visible linear scratches
equivalent to linear sanding with 120 grit to 220 grit sandpaper. Interested proposers should have previously
demonstrated their in-house or joint venture capability for commercial marketing and production.

PHASE I: Develop a robotic, vertical cleaning, closed-cycle, dual sander/High-Pressure Water Cleaning (HP WC) unit.
PHASE II: Refine, test and field demonstrate the robotic, vertical cleaning, closed-cycle, dual sander/HP WC. The field
demonstration should consist of vertical cleaning 2,000 SF of a sound but weathered high performance coating system
such as that specified in Unified Facilities Guide Specification (UFGS)-09971N “Exterior Coating of Steel Structures.”
The resulting “cleaned” coating system should receive an overcoat of a water-based, elastomeric acrylic coating followed
by adhesion testing (ASTM-D-4541, ASTM-D-3359). For the dual sander/HP WC unit, develop a draft Product Data
Sheet (PDS) detailing equipment properties and cleaning capabilities, and produce a single draft brochure containing the
above information.

PHASE III: Produce and market the robotic, vertical cleaning, closed-cycle, dual sander/HP WC unit demonstrated in the
Phase II effort. Equipment manufacturer will include this product and the PDS (with brochure) in their current list and/or
catalogue of commercial products and further commercialize the dual sander/HP WC unit by advertising in a reputable
paint/coating trade journal. Surface preparation for maintenance painting using the dual sander/HP WC unit will be
specified by Naval activities through amendments to UFGS-09971N and by developing new UFGSs detailing
maintenance painting: specification development ensures procurement of dual sander/HP WC unit by tri-service
contractor base. Intended users are Navy, Army, Air Force, Marines, Bureau of Reclamation, and private industry.

COMMERCIAL POTENTIAL: Surface preparation technology is directly transferable for use in preparing sound but
weathered coating systems applied to ship hulls, bridges, fuel tanks, water tanks, structural steel, and concrete structures.

REFERENCES:

1. Society for Protective Coatings (SSPC), “Surface Preparation and Cleaning of Steel and Other Hard Materials
by High- and Ultrahigh-Pressure Water Jetting Prior to Recoating," SSPC-SP 12, 1996.

2.  William M. Thomas, “Closed-Cycle, Ultra-High Pressure Water Coatings Removal System: Prototype-to-
Production Final Report,” NSWC, March 1999.

3. C. Dave Gaughen and Joseph H. Brandon, “Preliminary Investigation into the Exterior Use of Elastomeric
Acrylic Coatings for Naval Facilities,” NFESC, March 2000.

4. C. Dave Gaughen and Joseph H. Brandon, “Guidance Development: Elastomeric Acrylic Coating (EAC) for
Naval Facilities,” NFESC, August 2000.

KEYWORDS: Sander, Surface Preparation, Water, Water Jetting, High Pressure Water Cleaning, Paint, Coating, Closed-
Cycle.

NO02-005 TITLE: Pre-Packaged Non-Skid Media for Aviation Facility Flooring

TECHNOLOGY AREAS: Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: NAVFAC Shore Facilities
OBJECTIVE: Develop pint and half-pint quantities of white, premixed, packaged, nonskid media for use with the two
component urethane topcoat specified in both UFGS-0961 1N “Thin Film Flooring” and UFGS-09612N “Epoxy Mortar

Flooring.”

DESCRIPTION: Neither the Government nor Industry has pint and half-pint quantities of premixed, packaged, nonskid
media for direct mixing into a liquid applied industrial flooring topcoat. Commercially available nonskid media (#60
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aluminum oxide) is traditionally broadcast directly into a wet topcoat at 1.0 pound per 100 SF and backrolled. This
technique is labor intensive (10 hours to broadcast/coat per 37,000 SF whereas 4 hours to coat w/out broadcasting per
37,000 SF), results in uneven nonskid densities, and prevents the use of potentially higher performing smaller nonskid
media (particles > #70 drift in air). Pint and half-pint quantities of premixed, packaged, smaller nonskid media for direct
mixing into liquid urethane topcoats will eliminate errors in contractor nonskid broadcasting, increase contractor rate of
nonskid application, improve nonskid performance, decrease the frequency of rejuvenating maintenance overcoating, and
reduce total ownership costs. An ideal flooring media would have these design characteristics: A) Shape; angular
spheres, B) Mohs hardness; 7.0 — 9.0, C) Density (dry, solvent immersed); 9.0 Ibs/gallon to 20 lbs/gallon, D) Size
gradation (ASTM-E-11); Sieve No. 70 100% passing, Sieve No. 80 15% - 30% retained, Sieve No. 100 70% - 80%
retained, Sieve No. 120 0% - 15% retained, E) Suspension vehicle; urethane compatible solvents, F) Volatile Organic
Compounds (VOC); <400 grams/liter, G) Hazardous Air Pollutants (HAPs); 0%, H) Media surface treatment; adhesion
promoters and/or coupling agents, if required, I) Chemical resistance; skydrols, aircraft oils, and JP fuels, J) 1 pint
nonskid mixed with 1 gallon pigmented urethane topcoat meeting UFGS-09611N; No settling, coagulation, floating,
discoloration, incompatibility, foaming, solvent popping, and separation, with viscosity less than 1200 cps (ASTM-D-
2196: 20°C). Approximate cured performance requirements using the mix ratio listed in “J” at 3.0 mils dry film
thickness: 1) No mottling, 2) Adhesion to urethane (ASTM-D-4541); > 600 psi, 3) Percent elongation (ASTM-D-2370);
>10 %, 4) Coefficient of Friction (ASTM-D-2047); > 0.68, and 5) Abrasion resistance (ASTM-D-4060); <30 mg loss @
1000 revolutions. Interested proposers will have demonstrated by either in-house or joint venture efforts an ability to
commercially market products.

PHASE I: Develop a “white” prepackaged nonskid media for aviation facility flooring purposes.

PHASE II: Refine, test and field demonstrate the prepackaged nonskid media developed under the Phase I effort. As a
minimum, the field demonstration should consist of applying three out of the five pre-approved coating systems listed in
UFGS-09611N direct to 10 foot by 10 foot areas of concrete. Prior to application, each 100 SF area will employ up to 1
pint of the prepackaged nonskid media mixed into the second topcoat of urethane. For the prepackaged nonskid media
draft a Product Data Sheet (PDS) detailing material properties and application characteristics

PHASE III: Produce and market the prepackaged nonskid media demonstrated in the Phase II effort. Nonskid
manufacturer will include this product and an improved PDS in their current list and/or catalogue of commercial products
and further commercialize the prepackaged nonskid media by advertising in a reputable paint/coating trade journal. The
prepackaged nonskid media will be procured by Naval activities through amendments to UFGS-09611N and UFGS-
09612N. Intended users are Navy, Army, Air Force, Marines, Bureau of Reclamation, and private industry.

COMMERCIAL POTENTIAL: The pre-packaged non-skid media for urethane topcoats will be used primarily in
industrial flooring and potentially in slip resistant topcoats applied to combat vehicles (MIL-C-53039), ground support
(MIL-C-46168), aircraft (MIL-PRF-85285), bridge decks, architectural structures, etc. Industrial flooring with slip
resistance is generally applied to the floors of refineries, petrochemical plants, food and beverage facilities, water and
wastewater plants, pulp and paper mills, nuclear facilities, power plants, process factories, automotive production
facilities, equipment maintenance shops, and others.

REFERENCES:
1. C.Dave Gaughen, “Guidance Development: Thin Film and Epoxy Mortar Flooring Systems,” NFESC, August 2000.

2. Unified Facilities Guide Specification (UFGS)-09611N “Thin Film Flooring System for Aircraft Maintenance
Facilities,” NAVFAC, March 2001.

UFGS-09612N, “Epoxy Mortar Flooring System for Aircraft Maintenance Facilities,” NAVFAC, March 2001.
C. Dave Gaughen, “Floor Coatings for Aviation Facilities,” ACI International, Philadelphia PA, March 25 — 30
2001.

E-11, “Standard Specification for Wire-Cloth Sieves for Testing Purposes,” ASTM, 1987.

MIL-PRF-85285, “Coating: Polyurethane, High Solids,” April 1997.

MIL-C-46168, “Coating, Aliphatic Polyurethane, Chemical Agent Resistant,” May 1993.

MIL-C-53039, “Coating, Aliphatic Polyurethane, Single Component, Chemical Agent Resistant,” November 1988.

W

® AW

Navy - 24



KEYWORDS: Nonskid, Slip Resistance, Coating, Paint, Urethane, Thin Film, Epoxy Mortar.

N02-006 TITLE: Polysulfide Modified Epoxy Novolac Cladding for Steel Immersion/Splash Zone Service

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: NAVFAC Shore Facilities

OBJECTIVE: Develop spray applied, self-priming, fast cure, flexible, edge retentive, impact and abrasion resistant,
polysulfide modified epoxy novolac cladding for corrosion control of steel in salt water immersion/splash zones.

DESCRIPTION: Unified Facilities Guide Specification (UFGS)-09967N “Coating of Steel Waterfront Structures”
employs two coating system options for use in the initial painting of steel placed in sea water immersion/splash zones: 1)
three coats epoxy-polyamide (SSPC PS 13.01: SSPC Paint 22), 2) two coats coal tar epoxy-polyamide (SSPC-PS 11.01:
SSPC Paint 16). Each system displays approximately five years splash zone service before complete removal and
reapplication is required. Commercially available, in-service applied splash zone maintenance coatings generally provide
three additional years service prior to reapplication. As such, the development of a polysulfide modified epoxy novolac
cladding for use in initial/maintenance painting of immersed/splash zone steel will improve corrosion control, decrease
the frequency of maintenance painting, and reduce total ownership costs. Experience indicates that a cladding system
should meet the following approximate requirements: A) Application; spray, B) Application thickness; sag free @ 5 mm
(200 mils), C) Crack free thickness; > 25 mm (1 inch), D) Cure; wash-out resistant @ 20 minutes, E) Adhesion to
Ultrahigh-Pressure Water Jetted (HP W1J) steel (ASTM-D-4541); > 600 psi (cohesive failure), F) Percent elongation;
20% to 80%, G) Abrasion resistance (ASTM-D-4060); < 30 mg loss @ 1000 revolutions, H) Simulated sea water
immersion; < 0.5% weight gain @ 168 hours, I) Cathodic disbondment(NACE RP0394-94: 24-hour test); < 1 mm
disbonded radius, J) Compressive strength; > 10,000 psi, K) Edge retentive; > 65% flat surface film thickness retained on
edges, L) Volume solids; 100%, and M) Environmentally compliant; HAPs and toxic metal free. Interested proposers
should have previously demonstrated their capability for commercialization and production either by in-house or joint
venture partnering.

PHASE I: Develop a polysulfide modified epoxy novolac cladding for steel immersion/splash zone service.

PHASE II: Refine, test and field demonstrate the polysulfide modified epoxy novolac cladding. Demonstrate by standard
Industry practice that the cladding meets the acceptable coating performance criteria for rust undercutting, edge retention,
thermal cycling resistance, wormhole wettability, wet adhesion, impact strength, and abrasion resistance as defined in
Reference 1. For the cladding, draft a new Product Data Sheet (PDS) detailing material properties and application
procedures.

PHASE III: Produce and market the cladding demonstrated in the Phase II effort. Cladding manufacturer will include
this product and an improved PDS in their current list and/or catalogue of commercial products and further
commercialize the cladding by advertising in a reputable paint/coating trade journal. The cladding will be procured by
Naval activities through amendments to UFGS-09967N. Intended users are Navy, Army, Air Force, Marines, Bureau of
Reclamation, and private industry.

COMMERCIAL POTENTIAL: The polysulfide modified epoxy novolac cladding will be for use on bulkheads (sheet
pile), pipe piles, H-piles, cranes, in-shore/offshore petrochemical structures, ships (ballast tanks), bridges, water and
wastewater structures, industrial facilities, mooring structures, and marine equipment.

REFERENCES:

1. Benjamin Chang and Carl Guy, “Evaluating Maintenance Coatings for Offshore Platforms in the Gulf of Mexico,”
JPCL, Vol. 17, No. 2, February 2000.

Navy - 25



2. Society for Protective Coatings (SSPC), “Surface Preparation and Cleaning of Steel and Other Hard Materials by
High- and Ultrahigh-Pressure Water Jetting Prior to Recoating," SSPC-SP 12, 1996.

KEYWORDS: Coating, Paint, Cladding, Immersion, Splash Zone, Marine.

NAVAL SUPPLY SYSTEMS COMMAND (NAVSUP)

N02-007 TITLE: Obsolescence Management Solutions

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: NAVSUP 04, Navy Logistics Productivity Program

OBJECTIVE: To resolve obsolescence problems, the government spends millions of dollars to emulate replacement
parts, redesign systems and equipment, find alternative sources or invest in life of type buys. To avoid or reduce inflating
life cycle costs resulting from naval weapon system/equipment obsolescence, the Navy Logistics Productivity Program is
looking for new preventive measures, detection techniques and technology-based solutions to manage the effects of
obsolescence and declining parts availability.

DESCRIPTION: When the last known manufacturer announces the intention to discontinue production of an item or
group of items still required by the Department of Defense for weapon system support, the weapon system’s readiness
and/or sustainability can be dramatically impacted. A component is determined to be obsolete when its commercial
availability becomes limited or nonexistent. Because of rapid changes in technology, functional and economic
obsolescence are significant contributors to the high life cycle costs of Navy weapon systems. The goal of this topic is to
identify, develop and demonstrate the replacement or upgrade of a Navy system, subsystem or equipment suffering from
obsolescence through new obsolescence preventive measures, detection techniques or technology-insertion solutions.
Two existing technology insertion (i.e., the transition of an existing hardware’s form, fit and function into new
technology replacement hardware) examples are NAVSUP’s Compatible Processor Upgrade Program (CPUP) and Rapid
Retargeting (RRT) Program. The proposed system, subsystem or equipment may be electronic, mechanical or electro-
mechanical. Tools associated with obsolescence prevention, detection or technology insertion will also be considered.
The technology demonstration must also provide a clear cost avoidance over the current system or equipment's
replacement/upgrade strategies and significantly contribute to total ownership cost reduction.

PHASE I: Develop an overall obsolescence tool/technique/system design, including cost/benefit factors and a technical
specification demonstrating feasibility.

PHASE II: Develop and demonstrate a prototype in a realistic environment. Conduct testing to demonstrate feasibility
over extended operating conditions.

PHASE III: Develop and deliver a final application of the technology for commercial and military use.

COMMERCIAL POTENTIAL: The methodology, tool or new product could be used in a broad range of military and
civilian applications where spare and repair parts obsolescence is a significant detractor.

REFERENCES:

1. Navy Logistics Research & Development Program, Gary Fitzhugh, Richard Comfort and James Fitzgibbon,
available at http://www.nlc2000.org/papers/Fitzhugh.pdf

2.  Government Initiatives to Solve Diminishing Manufacturing Sources/Material Shortages (DMSMS), available at
http://www.gidep.corona.navy.mil/dmsms/dmsinfo.htm

3. Virtual Systems Implementation Program (VSIP), James Fitzgibbon, available at http://www.navsup.navy.mil
(Logistics Research and Development Programs)

4. Compatible Processor Upgrade Program (CPUP), James Fitzgibbon, available at http://www.navsup.navy.mil
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(Logistics Research and Development Programs)
5. Rapid Retargeting (RRT) Program, James Fitzgibbon, available at http://www.navsup.navy.mil (Logistics Research
and Development Programs)

KEYWORDS: Obsolescence, Technology Insertion, Electronics, Mechanical, Electro-Mechanical, Tools

NO02-008 TITLE: Three-Dimensional (3-D) Anthropometrie Data; Apparel Application Methods and Tools

TECHNOLOGY AREAS: Materials/Processes, Human Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: NCTRF-Navy Clothing and Textile
Research

OBJECTIVE: To develop tools for incorporating 3-D anthropometry (human body measurements) data into design,
sizing and manufacturing processes for body forms, military and civilian apparel, and protective items for DOD and the
apparel industry.

DESCRIPTION: Scanners now exist for capturing the human body in 3-D. 3-D data are being gathered from Army, Air
Force and Marine Corps personnel. A survey of the adult civilian population of NATO countries is also underway. Some
industries, such as the automotive industry, have ergonomic models and have already begun to incorporate 3-D
anthropometry. There is both a need and an opportunity to develop new and better tools for incorporating 3-D body size
in design and manufacturing processes for the apparel industry. At the present time, 3-D information is not being
routinely used in the apparel industry because of the lack of tools that are compatible with apparel industry practices,
needs, and capabilities. Some examples of things needed include:

- Accurate 3-D electronic human apparel size models composed of the 3-D surface data of real people, and incorporated
into 3-D Computer Aided Design (CAD) systems for apparel,

- Accurate physical dress forms that reflect the 3-D size and shapes of real people, and fast and reliable methods for
production of such forms,

- Electronic 3-D size and shape models of people that are representative of the anthropometric variation found in military
and civilian (male, female, children, big, small, pregnant) population, for visualizing standard sizes and size differences,

- 3-D size and shape comparison and editing tools for apparel, and

- Manufacturing methods for production of apparel in 3-D.
The purpose of this effort is to develop a tool to satisfy one or more of these needs.

PHASE I: Develop system concept and assess feasibility of design.
PHASE II: Develop a tool prototype and conduct beta testing with government and industry users.
PHASE III: Complete, test and deliver final tool.

COMMERCIAL POTENTIAL: These methods and tools could be applied for developing sizing systems and patterns
and for manufacturing body forms, garments, masks, gloves, or boots for civilian and military population.

REFERENCES:

1. Brunsman, M.A., Daanen, H., and Files P.S. (1996). Earthquake in Anthropometry: The View from the Epicenter.
CSERIAC Gateway, Vol. VII, No. 2. Brunsman, M.A., Daanen, H., and Robinette, K.M. (1997). Optimal Postures
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and Positioning for Human Body Scanning. Proceeding of International Conference on Recent Advances in 3-D
Digital Imaging and Modeling, pp. 266-273. IEEE Computer Society Press, Los Alamitos, CA.

Brunsman, M. A. and Files. P.S. (1996), The CG Dataset: Whole Body Surface Scans of 53 Subjects (U), AL/CF-
TR-1996-0160, Crew Systems Directorate, Human Engineering Division, Wright-Patterson Air Force Base, OH.
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STRATEGIC SYSTEMS PROGRAMS OFFICE (SSPO)

N02-009 TITLE: Tunable, Reconfigurable Weapon Shock and Vibration Mitigation System

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop and demonstrate a tunable, reconfigurable, shock and vibration mitigation system to support
submarine based weapon systems developers and to assist life extension of existing FBM launch systems.

DESCRIPTION: The current generation of SSBN’s is expected to extend for the next several decades. During this time,
it will be necessary to upgrade the FBM weapon system to extend the capability of the existing platform. Pads are
utilized in FBM launcher systems to cushion the missile during shock events. The design and location of these padsis a
function of the missile geometry, weight distribution and load capabilities. The deployment of a new or upgraded missile
could require a change in these parameters. The current shock pads would have to be replaced with pads containing
different stiffness properties. This would create difficulties when more than one missile configuration is required since it
would preclude interchangeability on the same launcher platform. New, developing technologies in the area of intelligent
materials might be used to solve this problem, like Magneto-rheological fluids (MRF).

PHASE I: Develop a system design for a Trident submarine based vertical launch weapon system. Identify trade-offs
between current pad technology and proposed new technologies using creative and innovative approaches to solving this

problem.

PHASE II: Test the previously designed system and demonstrate shock and vibration mitigation capabilities in a
spectrum of system inputs.

PHASE III: Prepare modeling systems to specify systems variables for designing DoD and commercial applications.
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COMMERCIAL POTENTIAL: This system has significant applicability to: commercial systems for active control of
bicycle, motorcycle, passenger vehicle suspension systems, large freight-carrying trucks and rail cars as well as landing
gear systems on aircraft and for damping of earthquake shock inputs to highway bridges.

REFERENCES:

1. Gordaninejad, F. & Kelso, S.P., “Fail-Safe Magneto-Rheological Fluid Dampers for Off-Highway, High-Payload
Vehicles,” Journal of Intelligent Materials, Systems and Structures, 2000.

2. Liu, Y, et. Al., “Semi-Active Control of a Bridge Using Controllable Magneto-Rheological Dampers,” Smart
Systems for Bridges, Structures and Highways, Proceedings of SPIE Conference on Smart Materials and Structures,
Ed. By Jack Jacobs, Vol. 3991, pp. 283-293, 2000.

KEYWORDS: Magneto-Rheological, Shock, Vibration, Materials, Dampers, Processes

NAVAL SEA SYSTEMS COMMAND (NAVSEA)

N02-010 TITLE: High Energy Free Electron Laser (FEL) for Ship Self-Defense

TECHNOLOGY AREAS: Sensors, Weapons

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMS 452; PEO TSC — Navy Theater Wide
Ballistic Missile Defense

OBJECTIVE: Design, develop, and demonstrate components in support of a Free Electron Laser System that can be
packaged for naval platforms.

DESCRIPTION: Chemical lasers produce power levels in excess of a megawatt, however the wavelengths that they
operate at are not suitable for maritime propagation. FEL’s provide for tunability (wavelength selection) to adapt and
optimize lethality effects in the maritime environment. While the current state of the art for free electron lasers produce
insufficient power to be considered a naval weapon, Thomas Jefferson Laboratory has recently achieved an average
power of 1.72 kW, and their design shows promise toward scaling to 100’s of kilowatts and possibly the megawatt level.
Their progress has been achieved by combining cutting edge technologies, which include super conducting Radio
Frequency (RF) cavities and electron beam energy recovery. Free Electron Lasers have considerable advantages over
other laser sources for the maritime environment. In addition to wavelength tunability, these advantages also include
potential for scaling to high powers, and pulsed waveforms that may offer lethality advantages over CW lasers.

The DoD High energy Laser Master Plan (HELRP) recommends that the DoD stimulate the High-Energy Laser supplier
base with a few focused investments. Specifically, under Free Electron Lasers, the top three priority investments are; 1)
High Average Current injectors, 2) High Power Optical Resonators/Undulators, and 3) High Average Current Electron
Beam transport. Specific laser requirements (as reported in the DoD HELRP) for this effort include efforts leading to:
-Development of ampere level average current injectors with good electron beam quality.

-Development of high power super-conducting RF accelerator components (windows, absorbers, tuners).
-Development of optical resonators and high flux optics and coatings.

-Development of techniques to focus and bend, without spill, high current beams with energy spread.

-Demonstration of higher efficiency wiggler extraction without energy recovery or with straight line energy recovery.
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-Development of passive and active alignment and control systems to counter system flexing, vibration, and induced
microphonics in a non-laboratory environment.

-Development of higher-gradient (>12 MV/m) RF linear accelerators capable of handling multi-nanocoulomb electron
bunches and amp level average currents.

-Integration and demonstration of subsystems at the ampere level.

PHASE [I: Investigate enabling component technologies and designs that are capable of enabling specific laser
requirements listed above. Demonstrate component design feasibility via modeling and simple sub-scale or oversized
experiments.

PHASE II: Utilize the findings established in Phase I to develop designs of functional components. Fabricate and
conduct component demonstration. Conduct High Power FEL integration requirements study to develop specific
component design characteristics.

PHASE III: Implement the integration of the enabling technologies into a Free Electron Laser weapon demonstration test
site to be determined in the future

COMMERCIAL APPLICATIONS: Many applications in materials processing require the use of high power laser beams
for surface treatments. Development of a multi-megawatt laser source, with variable wavelength tunability will allow
large scale treatment of various materials by industry users. The treatments aid in the prevention of surface erosions,
cracks, and other effects common to large surface area industrial materials.

REFERENCES:
1. DoD Laser Master Plan Volume II, August 2, 2000. ODUSD (S&T)/WS LMP Vol-II, 22 September 2000

KEYWORDS: Laser, Free Electron, Wiggler, Resonator, Accelerator, Injectors, Superconducting, Windows, Beam
Transport

N02-011 TITLE: Battle Force Reliability Modeling and Simulation

TECHNOLOGY AREAS: Information Systems, Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT 1. PMS 470 — PEO (EXW) Expeditionary
Warfare Life Cycle Support

OBJECTIVE: To extend the NAVSEA TIGER Reliability, Maintainability, and Availability (RMA) computer
simulation from its present total ship modeling capabilities to entire Battle Force assessments.

DESCRIPTION: RMA modeling and simulation has been validated and accepted by the Navy and shipbuilding
communities to predict the performance of future concepts and perform tradeoffs of various functions and equipment to
minimize onboard maintenance workload and total ownership costs. Mission profiles are employed to determine the
response to varying levels of stress on the systems during actual operations. Predictions have been carried out for line
replaceable units through total ships with hundreds of pieces of equipment and the software required for successful
operation. This innovation research is focused on extending this computer program to modeling the massive task of
Battle Force simulation and tradeoffs.

PHASE I. Assess the magnitude of enhancements required to model full Battle Force operations, ship to ship
interactions, and redundancies with respect to Battle Force mission profiles.
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PHASE II: Incorporate enhancements, algorithm changes, input and output modifications, and graphical capabilities in
the computer simulation. Integrate all capabilities, benchmark and validate the computer code with respect to very
complex government and commercial problems.

PHASE III: Develop user friendly on-line users manuals and provide transition of the program to commercial industry.

COMMERCIAL POTENTIAL: Current commercial RMA computer programs do not model massively complex projects
the size of Battle Force operations and their missions. The integrated capabilities of the NAVSEA TIGER RMA
simulation can be transitioned to the most complex commercial systems and detailed operations.

REFERENCES:

1. NAVSEA TE660-AA-MMD-010, "TIGER Users Manual (Version 9.6)"; SAE JA 1000-1 "Reliability Program
Standard Implementation Guide"; International Electrotechnical Commission (IEC) 60300-3-1 Ed. 2 "Dependability
management - Part 3-1: Application Guide - Analysis Techniques for Dependability - Guide on Methodology".

KEYWORDS: Reliability and Maintainability (R&M), Modeling and Simulation, TIGER, Battle Force, Mission Profiles

N02-012 TITLE: Video Analysis System for Machinery Condition Assessment

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PEO Carriers

OBJECTIVE: Develop and demonstrate an advanced digital video system to conduct ship ship's condition assessment
and personnel assessments in a harsh industrialized shipboard environment. The video system must be able to visually
detect structural changes in ship's structure, such as material fatigue, monitor operating machinery conditions, such as
machinery operating temperatures and provide personnel identification and tracking capabilities, such as bio-metric data
in low light situations. The system will develop data processing tools to process this information into an easily
understood format that can be transported easily to other databases.

DESCRIPTION: Video technology has been demonstrated as a useful tool for recording, storing, and analyzing event
triggered phenomena. Unfortunately, the recorded phenomenon has been restricted to two-dimensional observation and
analysis, due to physical limitations of the media. Currently low levels ambient light many times is the limiting factor, in
processing video imagery. This effort would use emerging technology in light processing research and pattern
recognition research to build a system for capturing, manipulating, and analyzing restructured spatial data from recorded
and real-time image captured information. This potential system should have an easily understood Human Machine
Interface (HMI) and utilize common database processing elements to combine video data, measured data and history data
to assess machinery reliability and machinery functionality. It should also utilize an automated analysis process, and
automated report generation.

PHASE I: Develop a system concept for a Video Analysis System in sufficient detail to convey the physical and
performance characteristics of the potential video systems. Evaluate and analyze new digital video collecting
technologies. Provide Video Analysis System Metrics (i.e. environmental profile characteristics) that will be used to
evaluate performance of the prototype in Phase II. Also provide Technology Limitations Report that describes the
physical profiles required for the System Concept Design parameters.

PHASE II: Develop a prototype system that would be able to demonstrate the ability of the Video Analysis System to

assess the material integrity of a shipboard space, provide real-time temperature profiles of machinery systems in a space
and demonstrate personnel bio-metric information of personnel in a machinery space.
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PHASE III: Develop video analysis system specification and begin production of a video analysis system.

COMMERCIAL POTENTIAL: This system could be applied in any factory or environmentally harsh area, where it
would be physically unacceptable or dangerous for direct human interaction.

KEYWORDS: Automation, Analysis, Video, Task, Reduction, Workload

N02-013 TITLE: Development of Bulkhead and Overhead Coverings Suitable for Naval Marine Applications

TECHNOLOGY AREAS: Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT ID: PEO Carriers; PMS 378 — CVN(x) Next
Generation Nuclear Aircraft Carrier

OBJECTIVE: Identify and develop a lightweight, durable, sound attenuating, flame resistant, non-toxic, economical
commercial style coverings suitable for application to bulkheads and overheads in the Naval marine environment.

DESCRIPTION: Current coverings identified for Naval shipboard use are very durable, but many are heavy and are
labor intensive when they must be removed or repaired. Many Navy ships are weight critical, in Stability Status II,
indicating that no additional weight may be added without full weight and moment compensation. Lighter weight
coverings will help alleviate this condition and provide for greater flexibility in the construction of new vessels.
Durability and maintainability are key factors in today’s Navy where reductions in manning requirements are being
investigated to reduce the overall costs of operating ships at sea. Durable and easily maintained/repaired coverings will
help reduce the manning required and free up sailors to perform ship operation functions vice maintenance. Additionally,
the business of operating Naval combatants is an inherently noisy undertaking. Reducing ambient interior noise levels
will have a significant impact on improving the quality of shipboard life and reduce the amount of noise related hearing
loss damage suffered by the crew.

PHASE I: Develop and demonstrate feasibility in accomplishing preliminary testing of the covering as a proven concept.

Feasibility shall include meeting key performance parameters of being lightweight, durable, maintainable, repairable,
noise attenuating, flame resistant and non-toxic when exposed to flame. Additionally, the concept design should focus
on time and ease of installation, ease of repair, ease of removal, cost of material(s) and labor, need for specialty tools,
need for specialty training for installation, and anticipated service life expectancy.

PHASE II: Fabricate covering candidates and produce sufficient materials for each candidate to cover a total of 1,000
square feet of metal substrate. Conduct both standard laboratory and full-size bulkhead/overhead panel prototype tests to
establish improved performance characteristics. Exercise cost model based on development and prototype testing
experience.

PHASE III: Full scale demonstration and develop transition plan from research project to full-scale production.

COMMERCIAL POTENTIAL: Coverings are used in many similar areas on commercial applications, such as offshore

platforms and commercial vessels where these performance attributes are desirable. An economical covering that meets

current industry and military standards while being light weight, durable, easily maintained and reduces transmitted

noise, has a wide range of applications that are commercially viable.

REFERENCES:

1. Naval Ship General Specification (GENSPECS) 621 (Non-Structural Bulkheads), 631 (Painting), 632 (Metallic &
Non-Metallic Enriched Coatings), 634 (Deck Coverings), 635 (Insulation), 637 (Sheathing)

KEYWORDS: Covering, Overhead, Bulkhead, Lightweight, Attenuating, Maintainable
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N02-014 TITLE: Lightweight Joiner Panels

TECHNOLOGY AREAS: Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT ID: PEO-Aircraft Carriers;
PMS 378 — CVN(x) Next Generation Nuclear Aircraft Carriers

OBJECTIVE: Explore and develop a lightweight, cost-effective, easily installed marine joiner panel for use as ship
space divider.

DESCRIPTION: Joiner panels today on Navy ships are either thin steel with welded rib stiffeners or narrow extruded
integrally stiffened 6061 aluminum panels joined together. They provide a low cost space divider that will withstand the
rigors of naval ship environment. New technology developed during the last decade could provide the opportunity for
reducing the weight and cost of these panels.

PHASE I: Develop the concept and demonstrate feasibility for use of an ultra lightweight shipboard joiner panel in
compliance with General Ship Specifications section 621 and the Habitality Materials List Revision K (NOV 1996). The
concept design should focus on time and ease of installation, ease of reconfiguration, and being cost effective.

PHASE 1II: Fabricate the most promising panel type(s) from Phase I to determine full-size capability, evaluate fabrication
techniques, investigate joining methods and repairability. Fabricate simulation structures and expose to tests to determine
if they meet the various requirements. Evaluate and design panels to meet the functional requirements for joiner panels.
Assess the impact of each technology on the acquisition and life cycle cost.

PHASE III: Design and fabricate a full size structure for ship insertion. In conjunction with PMS 378 select an
application, fabricate the joiner panel and insert on an active ship as a demonstration. Monitor the installation and the

component during its trial period.

COMMERCIAL POTENTIAL: Commercial ships utilize joiner panels to divide spaces. The technology developed in
this program would carry over to the commercial ship community.

KEYWORDS: Joiner; Divider; Bulkhead; Metallic; Walls; Panels

N02-015 TITLE: Development of High Temperature Barrier Coating

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: PEO Carriers

OBJECTIVE: Explore and develop, if feasible, a cost effective, high temperature barrier coating for use on ship
bulkheads and structures.

DESCRIPTION: The Navy has need for a cost effective coating that can be used to guard bulkheads and other structures
from exposure to high-temperatures during a fire event. The use of new types of lightweight materials will also require
the use of barrier coatings to prevent them from reaching elevated temperatures during a fire situation, which will
significantly reduce their strength. The coatings should be easily applied by shipbuilder or installation activity and
repairable at sea. The coating should meet the fire requirements of UL 1709 and prevent the covered materials from
reaching a temperature of 225-250°F above ambient temperature. The coatings should be environmentally compliant.
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PHASE I: Explore environmentally safe, high temperature barrier coatings and coating technology for naval applications.

Demonstrate through laboratory tests the coating's ability to meet the fire and insulation requirements. Develop a cost
model for the coating candidates. Provide samples of a laboratory-sized batch of the barrier coating on parts and
resulting test data at the end of Phase 1.

PHASE II: From the coating candidate barrier coatings demonstrated in Phase I, supply sufficient amounts of each
candidate coating to demonstrate ease of application. Test each coated panel to reaffirm its fire protection capability.
Conduct both standard laboratory and full-scale prototype tests to establish baseline properties of the commercially
produced product. Exercise cost model based on development and prototype testing experience.

PHASE III: Develop the formulation specification for acceptable high temperature barrier coatings. Develop full
production-scale product and commercialize coating.

COMMERCIAL POTENTIAL: Barrier coatings are used in many areas that have significant fire potential, such as
offshore platforms, commercial vessel engine rooms, high risk work zones like welding and forging areas and in many
buildings to guard structural members. An economical high temperature barrier coating that meets current industry and
military standards has a wide range of applications that are commercially viable.

REFERENCES:
1. UL 1709

KEYWORDS: High-Temperature Coating, Barrier Coating, Fire Coating, Insulation, Thermal Insulation

N02-016 TITLE: Rapid Cryogenic Cooldown Engine

TECHNOLOGY AREAS: Materials/Processes, Weapons

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: PEO-MUW; PMS 210-Airborne Mine Defense
Program

OBJECTIVE: To increase organic mine sweeping effectiveness by decreasing the preparation time required to deploy
superconductive magnetic influence mine countermeasures systems. Provides a key enabler to the insertion of
superconducting technology to the Organic Airborne and Surface Influence Sweep (OASIS), Acquisition Category
(ACAT) II program.

DESCRIPTION: Superconductive influence mine countermeasures systems have been demonstrated to be rugged and
reliable in previous field demonstrations such as MARCOT 97 and Kernal Blitz 98. The evolutionary nature of this
technology enables a spiral acquisition approach to achieve improved performance with each generation. These systems
must be kept below -1960 C to be superconductive. Onboard cryocoolers can maintain this temperature. However, the
critical weight limitations of the OASIS system prevents installation of excess refrigeration capacity to quickly cool the
system from room temperature to operating temperature, increasing the time required to prepare the system for
deployment. This SBIR is to develop the technology required for a portable, temporary cooldown engine that can be
used with the OASIS system to decrease the preparation time required to deploy a superconductive system.

PHASE I: Perform the preliminary system design for a cooldown engine that could interface with an OASIS towed body.
This system should be compatible with both high and low temperature superconductors to permit the selection of the best
superconductor for the system. The cooldown engine should take into consideration shipboard and flightdeck conditions
and requirements. The system should require minimal maintenance, minimal formal training to operate, and be
automatic.
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PHASE II: Perform the detailed design and build a demonstration unit to enable an assessment of the cooldown engine in
a laboratory environment.

PHASE III: Incorporate the lessons learned from Phase II into the detailed design. Build a prototype cooldown engine
and demonstrate it at sea. Develop a marketing survey for cooldown engines and determine other potential commercial
markets that could reduce the life cycle costs associated with a module.

COMMERCIAL POTENTIAL: This concept could be also used to provide rapidly deployable superconductive
communication antennas.

REFERENCES:
1.  OASIS Analysis of Alternatives (AoA) dtd 31 May 2000; Operational Requirements Document (ORD) for OASIS,
Serial No. 572-75-01, dtd 10 January 01

KEYWORDS:  Cryogenics, Cooldown Engine, Low Temperature Superconductivity, High Temperature
Superconductivity

N02-017 TITLE: Classification Enhanced Target Tracking

TECHNOLOGY AREAS: Information Systems
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO MUW — Mine Undersea Warfare

OBJECTIVE: Develop and demonstrate an acoustic sensor reduced false alarm rate tracking algorithm with augmented
classification feedback acoustic tracks.

DESCRIPTION: Current sonar system tracking algorithms tend to provide relatively large sets of acoustic tracks for
display to the watchstander. Many of these tracks are false tracks. The watchstander, in this situation, must evaluate each
track leading to possible work overload. Simply changing track threshold(s) does not resolve the problem. Lowering the
threshold(s) enhances the opportunity of forming tracks for lower signal to noise or signal to interference threats. The
downside is additional tracks are formed exacerbating watchstander frustration. Increasing track threshold(s)does not
solve the problem. Increasing the track threshold(s) reduces false track generation, but also lowers the probability of
forming a track on a low signal to noise ratio or signal to interference ratio threat. Not forming a threat track could be
fatal to ownship survival. Sonar track algorithms with classification clue feedback are required to resolve the track
threshold false alarm and threat fail-to-notice issues.

PHASE I: Develop the classification clue feedback track algorithm. Model the algorithm and evaluate its performance
with simulated data in a number of modeled acoustic environments.

PHASE II: Determine theoretical algorithm performance and compare against existing algorithms using acoustic data
from the NUWC TASAD data base. Conduct a limited amount of at-sea experiments comparing current algorithms to the
enhanced algorithm.

PHASE III: Conduct extensive at-sea testing, during which Navy watchstanders are invited to participate in algorithm
evaluations. Prepare the algorithm for introduction to fleet sonar systems, develop training techniques, and prepare a full
set of documentation to support the algorithm and its use when it is transitioned.

COMMERCIAL POTENTIAL: This technology could by used by the FAA to track aircraft.

REFERENCES:

1. Bar-Shalom, Y., Chang, K.C., and Blom, H.A.P. (1990) Automatic track formation in clutter with a recursive
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algorithm. In Y. Bar-Shalom (Ed.), Multitarget—Multisensor Tracking Advanced Applications, Dedham, MA, Artech
House, 1990.

2. Lerro, D., Bar-Shalom, Y., Interacting Multiple Model Tracking with Target Amplitude Feature, IEEE Transactions
on Aerospace and Electronic Systems, Volume: 29, Issue: 2, Page(s) 494-509

3. Willett, P., Niu, R., Bar-Shalom, Y. Integration of Bayes Detection with Target Tracking, IEEE Transactions on
Signal Processing, Volume: 49 Issue: 1, Jan. 2001, Page(s): 17 -29

KEYWORDS: Sonar, Tracking, False Alarm, Classification, Algorithm, Watchstander

N02-018 TITLE: Statistical Operator Workload Allocation to Maintain USW Performance

TECHNOLOGY AREAS: Information Systems, Materials/Processes, Human Systems
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO MUW — Mine Undersea Warfare

OBJECTIVE: Develop and test workstation automation that distributes available operator workload to maximize
performance of contact detection, classification, and localization in areas of high tactical significance.

DESCRIPTION: A primary component in the total cost of ownership of the Navy’s surface ship combatants is the cost
of manning the platforms. Platforms of the future, such as DD 21, have a requirement to reduce the manning necessary
for the conduct of Undersea Warfare (USW) missions by operating the entire USW suite from a single operator
workstation. This will be done by automating many functions currently performed by human operators, such as target
detection, classification, and localization (DCL), data fusion, and routine operator functions performed at the
workstation, such as display configuration.

Historically, automated processing of acoustic sensors has produced an excess of false alarms such that even with
multiple operators, workload exceeds operator capabilities, particularly in multi-contact, littoral environments typical of
regional conflicts. Even as automated DCL and data fusion systems improve, it is likely that the USW operator will be
overloaded under some tactically realistic conditions. Further, for the foreseeable future, some degree of operator
confirmation will be required to provide sufficient confidence in machine decisions for tactical response. Therefore,
under circumstances of operator overload, the performance of the USW combat system is limited not by the performance
of the system in detection, localization, and classification of legitimate targets, but by the ability of an operator to assess
those decisions in a timely manner when faced with an excess of false contacts. It is likely that in any tactical situation
the density of contacts, the time required to verify or dismiss machine decisions, and the tactical significance of contacts
will vary with their location in the battlespace. The attributes of individual contacts also provide a basis for assessing
tactical significance.

To address these issues, the Navy seeks innovative techniques for the automatic allocation of operator workload such that
system performance (possibly weighted by a cost function representing tactical significance) is maximized across the
USW area of interest. For example, the workstation automation might direct operator attention away from areas of low
tactical significance or locations where environmental conditions support accurate machine decisions and favor areas
where a priori information indicates target detection is likely or the operator has consistently overridden machine
decisions. It is expected that operator workload allocation algorithms would include: (1) methods of designating tactical
significance based upon contact attributes and a priori information: (2) estimating contact load and operator workload as
a function of geographical location in the battlespace, (3) development of appropriate performance criterion functions,
and (4) evaluation of numerical optimization techniques for the assessment candidate operator work distributions. Direct
search techniques, such as Pattern Search, have been shown to be particularly appropriate for the optimization of
complex criterion functions [1].

PHASE I: Define an operational scenario, appropriate performance criteria, and practical means of directing operator

workload for a USW workstation, focusing on the Detection, Classification, and Localization (DCL) function. Estimate
the improvements in tactical performance achievable through workload distribution for several tactical situations.
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PHASE II: Develop a practical optimization technique for Statistical Operator Workload Allocation (SOWA),
implement the algorithms in a selected USW Workstation environment (such as the [USW-21 ADM Workstation) and
evaluate DCL performance with recorded data or in during an at-sea test.

PHASE III: Prepare the algorithms and workstation for introduction to fleet sonar systems, develop training techniques,
and prepare a full set of documentation to support the system when it is transitioned.

COMMERCIAL POTENTIAL: Air Traffic Control is an ideal candidate for use of this technology.

REFERENCES:

1. Hooke and Jeeves, “Direct Search Solution of Numerical Optimization Problems,” Journal of the ACM, Vol. 8, No.
2, 1961, pp. 212-229

KEYWORDS: Operator Workload, Workstation Automation, Situation Awareness, False Alarm Rates, Undersea

Warfare, Detection, Track, and Classification (DCL)

N02-019 TITLE: Robust Ultra High Frequency (UHF) Satellite Communications Protocol for UUVs

TECHNOLOGY AREAS: Information Systems, Sensors

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: (PEO-MUW — Mine Undersea Warfare);
UUYV Program Office (PMS403)

OBJECTIVE: As the U.S. Navy integrates all platforms into IT-21 Network Centric Warfare, the Unmanned Undersea
Vehicle (UUV) Programs require interoperable, high data rate, low bit error rate (BER), and robust communications.
Communications between the UUVs and other platforms are required to provide timely mission data and also allow the
modification of pre-planned UUV mission parameters. It is intended that UUVs be provided with Ultra High Frequency
Satellite Communications (UHF SATCOM) while operating near the surface in both Open Ocean and Littoral
environments. UHF SATCOM will provide the capability necessary for over the horizon, long endurance UUV missions.

UHF SATCOM system implementation possibilities become limited as the UUV is a power and volume constrained
platform. UUVs under development implement the communication function by deploying a retractable telescoping mast
assembly with an UHF antenna. The small physical aperture available for the antenna, small height above the waterline,
and minimal transceiver power availability limit system performance.

In addition to performance limitations due to communications system sizing, the UUV motion on the surface in various
sea states increase the probability of data loss due to antenna washover and/or antenna attitude variations. Unlike
submarine mast mounted UHF antenna systems, the UUV UHF systems are in direct proximity to the seawater when
deployed and operating. Accordingly, degraded performance by multi-path effects, wave shadowing, water on the
antenna, and direct coupling of the non-uniform sea into the dielectric region of the antenna element results in de-tuning.
The degradation modes are collectively referred to as washover. This is a UHF COMMS channel that can be more
closely described as a multiplicative or fading channel than as an Additive White Gaussian Noise Channel (AWGN). The
distinction between an AWGN channel and a multiplicative channel is important when quantifying channel performance
and mitigating environmental effects. Any UHF SATCOM user with a multiplicative channel can be considered
disadvantaged.

The Navy is interested in developing a communication protocol that will provide disadvantaged users (UUVs,
communication relay buoys) the ability to maintain communications in environmental conditions up to sea state 4.

DESCRIPTION: The Navy is interested in researching, evaluating, and implementing advanced communications
methods to provide significant data rates at a BER of 10-5 or better in the disadvantaged channel for implementation into
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a UUV UHF SATCOM transceiver or on-board computer. The effort will maximize data throughput to minimize time
required for on-surface communications operations (i.e. to minimize the vulnerability).

PHASE I: Develop a system design concept for mitigation of the UUV communications performance degradation caused
by the sea state environment. The study shall establish the UHF SATCOM requirements for UUV operations in a sea
state: data product analysis; data rate and BER evaluation; link budget analysis; and simulation, modeling, testing, and
evaluation of the degradations in performance to the UUV UHF SATCOM channel. Initial studies shall define a
recommended signaling technique(s) and system architecture identifying any impacts to existing UUV UHF SATCOM
infrastructure, data rate and BER capabilities, and latencies.

PHASE II: Fabricate and test brassboard and prototype — hardware/software subsystem components to validate
mitigation strategies for the degradations due to the sea state environment. The tests should demonstrate link capabilities

in controlled simulation, laboratory, and at-sea environments.

PHASE III: Provide a tested prototype system along with associated documentation for integration and testing into a
UUYV test vehicle.

COMMERCIAL POTENTIAL: This system could be applied to work requiring UHF communications with limited size
and power in highly dynamic environments.

REFERENCES:
1. The Navy Unmanned Undersea Vehicle (UUV) Master Plan, April 20, 2000.

KEYWORDS: Unmanned Undersea Vehicle, UUV, Communication, Protocol, UHF

N02-020 TITLE: Remote Controlled Non-Gasoline Burning Water Craft

TECHNOLOGY AREAS: Ground/Sea Vehicles
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PEO-Expeditionary Warfare (PMS 325)

OBJECTIVE: Develop non-gasoline burning engine technology for small watercraft for use as a remotely operated
surface target, representative of a small boat threat.

DESCRIPTION: The development of non-gasoline burning engine technology for small watercraft is essential for
military use. The Department of Defense has directed that no new combat support, combat service support equipment or
vehicles requiring gasoline-type fuels will be acquired or developed unless the support concept is to supply fuel as a
packaged product. It is imperative, therefore, that non-gasoline burning engines be developed for various small
watercraft applications. This topic is primarily concerned with the development of a non-gasoline burning watercraft for
use as a remotely operated surface target. Remote control technology for operation, control and monitoring of a
watercraft has previously been developed. Therefore, the focus of this topic is to develop a watercraft capable of burning
No. 2 Diesel, Naval Distillate Fuel (NATO F-76), JP-5 (NATO F-44), and JP-8 (NATO F-34), and is adaptable to the
already developed remote control technology. It is desirable that the watercraft be similar in size to a typical
commercially available two- or three-seat personal watercraft, with a desired cruise speed of 30 knots. This remote-
controlled surface target must be ship deployable and expendable.

PHASE I: Conduct feasibility studies and develop a concept design for a non-gasoline burning watercraft capable of
remote control operation.

PHASE II: Develop, demonstrate and test the non-gasoline burning watercraft prototype capable of remote control
operation.
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PHASE III: Address any conceptual or design issues. Produce full-scale and market the non-gasoline burning
watercraft.

COMMERCIAL POTENTIAL: A non-gasoline burning watercraft would be marketable to diesel powered recreational
and fishing yachts that regularly carry a personal gasoline burning watercraft onboard, thus eliminating the need to carry
both diesel fuel and gasoline. Also, remote controlled non-gasoline burning personal watercraft can be fitted with
cameras suitable for unmanned surveillance of harbors, marinas, and waterfronts at industrial facilities.

REFERENCES:

1. Non-gasoline Burning Outboard Engine (NBOE) Program- Coastal Systems Station, Dahlgren Division, Naval
Surface Warfare Center; 6703 West Highway 98, Panama City, Florida 32407-7001; NSWC CSS Public Affairs
Office (850) 235-5107.

KEYWORDS: Surface Target, Jet Ski, Diesel, Engine, Non-Gasoline, Watercraft, JP-5, JP-8, Roboski

N02-021 TITLE: Fluorescent Light Compression/Containment

TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes

OBJECTIVE: Design, develop and demonstrate an innovative and compact shipboard system to dispose of used
fluorescent lights and safely contain the hazardous gases. This devise will decrease the storage volume of spent
fluorescent lights and safely contain the hazardous gases such as mercury vapors.

DESCRIPTION: Naval ships use fluorescent lighting and accumulate a large volume of spent fluorescent lights that
must be safely stored onboard awaiting disposal. These fluorescent lights are considered hazardous waste because they
contain mercury vapor. Storage requires a large volume of precious shipboard space and the lights must remain intact to
contain the hazardous gases. Design, develop and demonstrate an innovative system/process that will dispose of the
florescent lights to reduce the volume and safely contain the hazardous gases separately. Additional attributes of the
system should include: compactness, ease of operation, ease of maintenance, ease of repair and suitability for shipboard
environment (corrosion resistance, ability to withstand shock and vibration and sturdiness to withstand sailor abuse).

PHASE I: Design/develop/demonstrate proof of concept and include a preliminary design. The final product will be a
detailed report describing this technology and how it solves the storage and disposal problem.

PHASE II: Design, build and test (land-based and shipboard) a full-scale prototype unit. Prepare and deliver final report
of land-based and shipboard test and evaluation.

PHASE III: Develop performance specifications. Prepare cost estimates for production units. Begin production for
large Navy surface ship use. Product should be made commercially available by the close of Phase III.

COMMERCIAL POTENTIAL: This will be of value to all industries that use fluorescent lighting and must safely
dispose of the spent fluorescent tubes. Wide spread applications in all industries.

REFERENCES:

1. MIL SPEC MIL-S-901C

2. MIL-STD-167-1

3. OPNAYV INSTR 5100.19C; Chapters B3 and B13

KEYWORDS: Environmental, Storage, Shipboard, Containment, Fluorescent Lighting, Hazardous Waste

N02-022 TITLE: Front-end Controller for an Intelligent Synthetic Forces Simulation Engine
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TECHNOLOGY AREAS: Information Systems, Human Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PMS 430 (Battle Force Tactical Training
Program)

OBJECTIVE: Provide a means of employing Intelligent Synthetic Forces in Training Simulation Scenarios.

DESCRIPTION: The Battle Force Tactical Training (BFTT) System is currently being deployed aboard US Navy surface
combatant ships to provide coordinated, realistic, high stress combat team training. The BFTT System generates and
maintains a realistic synthetic battle space consisting of simulated forces such as air, surface and subsurface platforms,
sensors and hard- and soft-kill weapons, as appropriate to the training event. The constituents of the synthetic battlespace
and their behaviors are based upon pre-scripted simulation scenarios that are selected and tailored by the ship’s training
team based on each event’s objectives. The current state of the art in training simulations requires operator-intensive
scenario scripting and monitoring, resulting in rigid, non-interactive entity behavior.

Recent advances in Intelligent Synthetic Forces (ISF) offer the potential of composing scenarios using flexible vignettes,
rather than pre-scripted motions and behaviors. Such flexible vignettes could consist of standard mission- or task-specific
behavior models without reference to specific platform type, geographic region, or tactical situation. These mission-
specific parameters could be set immediately prior to or during the actual scenario execution, without requiring any
further human intervention. This has the potential of reducing the training team’s workload while at the same time
increasing realism by enabling synthetic forces to react to the training audience’s actions.

To realize this potential, a means is needed that will enable the BFTT System to specify, tailor, and initiate ISF-based
flexible behavior models as components of an overall event scenario script.

PHASE I: Develop an approach and demonstrate the feasibility of constructing training simulation scenarios from
flexible vignettes. Examine shipboard training simulation requirements and categorize the synthetic entity behavior
parameters that are susceptible to being fixed at the time of scenario script generation. Develop and document a data
exchange protocol that will support the specification and tailoring of an intelligent synthetic forces model.

PHASE II: Develop, test and demonstrate a prototype ISF simulation system. The prototype should consist of an ISF
controller connected to the selected ISF simulation engine, modified as necessary to support the interface in accordance
with the data exchange protocol developed under Phase I. The demonstration should include several different missions or
tasks and several different platforms.

PHASE III: Develop a production ISF simulation system that can be integrated into the BFTT System and/or similar
simulation based training systems.

COMMERCIAL POTENTIAL: An intelligent synthetic forces simulator that reduces operator workload and allows
flexible scenario composition is needed in a variety of military training environments by all three services. This
capability is also required by the militaries of US allies and friendly nations, as well as by non-military organizations,
such as medical and paramedic, law enforcement, disaster assistance and crisis management agencies.

REFERENCES:
1. R.Pew and A. Mavor (eds): Modeling Human and Organizational Behavior: Application to Military Simulations,
National Academy Press, Washington DC 1998.

KEYWORDS: Training, Modeling & Simulation, Synthetic Forces

N02-023 TITLE: Shipboard Power Conversion
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TECHNOLOGY AREAS: Materials/Processes, Electronics

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT ID: PEO(SUB) PMS401 — Warfare System
Engineering Program Management Office

DESCRIPTION: The continued, though decreased, utilization of 400 Hz power for legacy equipment in submarine
shipboard equipment applications necessitates some subsystem provisioning of 400 Hz power supplies using 60Hz ship’s
power as the input source. This SBIR effort is to provide an innovative modular power converter design that will
accommodate the limited quantity of 400 Hz submarine shipboard equipment power requirements. The initial focus is on
power conversion in support of weapons. The overall goal is to have a modular approach to power conversion that can
be adapted to various uses across all submarine classes. The resulting approach must meet submarine reliability,
environmental and volume constraints while minimizing recurring cost.

PHASE I: Research power requirements and current methods of power conversion, and develop alternative approaches.
Alternative approaches should be cost effective, low risk, and meet all requirements.

PHASE II: Develop, prototype, and test alternative power conversion in a VIRGINIA Class Weapon Interface Panel to
prove power conversion requirements are met. Identify how this technology could be extended to other uses on various
classes of submarines.

PHASE III: Complete the design and manufacture power converters for use shipboard.

COMMERCIAL POTENTIAL: The technology being developed may be adaptable to some commercial power
conversions.

REFERENCES:
1. VIRGINIA Common Specification for Sonar, Combat Control & Architecture Subsystem Common Spec-01
Revision C 27 August 1999 with Specification Change Notice (SCN)1 23 March 2000.

2. Weapon Power Converter Procurement Specification, dated 5/15/01

3. NSSN WLC Weapon Power Converter (WPNPC) Installation Drawing, DWG #G646537 Rev D.

4. NSSN Class Submarine Weapons Launch Console Integrated Enclosure Interface Control Drawing.

5. Interface Control Drawing Between The New Attack Submarine (NSSN) Command, Control, Communications &
Intelligence (C31) System And The 60 Hertz Electrical Power Distribution System, NAVSEA DWG NO. 53711-
6659075 Rev C, dated 20 December 1996.

6. Interface Standard for Ship Systems, MIL-STD-1399/300A, 13 October 1987

7. Military Specification, Power Supply, Rectifier, Interior, MIL-P-15736/5, 9 August 1985

8. Navy Power Supply Reliability Design and Manufacturing, NAVMAT P-4955-1A

KEYWORDS: Power Conversion, 60 Hz to 400 Hz

NO02-024 TITLE: Automated/Simplified Weapons OMI

TECHNOLOGY AREAS: Information Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PMS425-Combat Control System & MK2
Program

OBJECTIVE: The objective of this topic is to investigate new communications paths and the use of an advanced set of
algorithms/models that can reduce the time from acquisition of a target to time of fire. Use of innovative, legacy and new
algorithms/models (e.g., contact correlation, preset evaluation, etc.) will be used as the basis for the simplification of
weapons deployment operator machine interface.
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DESCRIPTION: The developer will develop innovative communication concepts, (i.e. wireless) and provide for
environmental correlation algorithms between combat control systems and the weapon including weapon presets,
displays, and postlaunch. Currently, the activities associated with weapons launch -- contact correlation, weapon
preset/evaluation, weapon preset assignment and post-launch target motion analysis -- are manually intensive, time-
consuming and subject to human error. Development of innovative algorithms/models and improved automation of these
functions would simplify the weapon launch process, resulting in improved tactical control. This technology will improve
weapon lethality, guidance and control, and information management and seamless communication. These advances
could be used in other DOD programs and in other services.

PHASE I: Research and define the critical parameters required in generating timely, relevant and coherent
algorithms/models and communications processes for weapons deployment support tools for use in making command
level weapons deployment decisions. Research and define innovative communications, algorithms/models and processes
associated with Weapons Deployment Tools to satisfy major requirements related to legacy tactical functions, interfaces,
and real-time performance requirements. Research and define innovative, cost-effective solutions. At the end of the Phase
1, a business case, approach, high level design, and technology profile will be selected for further research.

PHASE II: Fabricate and demonstrate a prototype employing the techniques defined in Phase I, using Phase I specified
products to be performed and measured against the critical parameters developed in Phase I.

PHASE III: A full system design will be developed, applying the principles generated in the previous phases, to meet
tactical requirements.

COMMERCIAL POTENTIAL: Use of a commercial technologies (i.e. wireless, fiber optic) will facilitate the infusion of
COTS products and open system interfaces into tactical systems, which is of benefit to the commercial hardware
manufacturers and software developers. Use of innovative and open standards approaches will facilitate the infusion of
NDI, GOTS and COTS option reduction products. Use of open system interfaces into tactical systems benefits
commercial hardware manufacturers and software developers. Additionally, this technology has potential applicability
for commercial use in the transportation industry including navigation and aircraft.

REFERENCES:

1. PMS4253-001 System Specification for the CCS MK2 Program DO Block 1C (Mods 0/1/2/3)

2. Adcap Torpedoes WOG Background software Requirements Specification 15 Dec 1998 (Confidential)
3. AdcapTorpedoes WOG foreground software requirements specification 15 Dec 1998 (confidential)

4. Submarine Tactical Requirements Group (STRG) Itr. Ser 8510 N72/S0001 of 7 Jan 00

KEYWORDS: Submarine, Weapons, COTS, SSN, VME, Real-Time, Wireless, Fiber Optic

NO02-025 TITLE: Non-collinear Wave-front Curvature Range Measurement

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: (PMS425) Acoustics-Rapid Cots Insertion
(A-RCI)

OBJECTIVE: Passively measure the distance to the source of an acoustic emission using broadband sensors that are not
mounted collinearly.

DESCRIPTION: Wave-front Curvature Ranging (WCR) ranging techniques currently require that sensors be separated
by the maximum distance possible and be accurately located along the same line in 3-D space (collinearly) on the
submarine. This creates difficult and expensive installation problems, and precludes attempts to utilize other available
sensors not located in the same line. Implementing a Non-collinear WCR approach will alleviate these limitations.
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PHASE I: Develop a report with a proposed solution supported by studies and analyses that will achieve the
objective in the submarine acoustic intercept frequency band (generically 1Khz-100KHz). The report should
include a comprehensive plan to develop either a simulation or prototype of the proposed solution, depending
upon the technical maturity of that proposed solution. The report must address the testing requirements and how
the simulation or prototype will meet them. The Contractor's proposal should provide an estimate of the
maximum effective range and accuracy of the proposed capability across the acoustic frequency spectrum.

PHASE II: Develop the approved Phase I solution. The solution (simulation or prototype) will be tested to the Phase I
testing requirements. That testing would then result in either a design for a specific ship class installation prototype (in
the case of a simulation) or a test report (in the case of a prototype) leading to changes for the development of a retrofit
kit for a specific ship class installation. In either case the software and hardware products should be compatible with
existing submarine acoustic systems architecture under the Acoustic Rapid COTS (Commercial Off-the-Shelf) Insertion
(A-RCI) Program.

PHASE III: For a Phase II simulation, Phase III would develop a prototype that would be tested on a specific ship class,
with the result, a mature manufacturable design for that particular class. For a Phase II prototype, Phase I1I would consist
of an Engineering Change Proposal (DD1692-1 or 1693) for ARCI implementation of a productized design.

COMMERCIAL POTENTIAL: This solution should be applicable to both submarine and surface ships, and may offer
applications in ocean geological and environmental studies and subsequently facilitate a greater understanding of the
ocean environment, commercial fishing and mineral resource exploration by providing 3-dimentional passive localization
of all water-born acoustic signals, including those of marine life.

REFERENCES:

1. "Source Localization of Short-Duration signals Using Wave-Front Curvature" Technical Report to NUSC, Contract
Number N66604-91-C-7043; Authors Dr. Ben Rosen, Dr Michael S. Wengrovitz; Atlantic Aerospace Electronics
Corp.

2. "Radius of curvature estimation and localization of targets using multiple sonar sensors." Billur Barshan Department
of Electrical Engineering, Bilkent University, Bilkent, 06533 Ankara, Turkey;Ali S, afak Sekmen

3. Center for Intelligent Systems, Department of Electrical and Computer Engineering, Vanderbilt University, Box
1824, Station B, Nashville, Tennessee 37235. Acoust. Soc. Am., Vol. 105, No. 4, April 1999

KEYWORDS: Radius of Curvature (ROC) Ranging, A-RCI (Acoustic Rapid COTS Insertion), Wave front Curvature
Ranging (WCR), Acoustic Intercept, Broadband Sensors, Processor, Software Configuration

N02-026 TITLE: Sealing Method for Odor Barrier Bags (OBBs)

TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I. PMS450 — SSN774 VIRGINIA Class
Submarine

OBJECTIVE: To develop a cost effective method to seal Odor Barrier Bags to facilitate onboard storage of plastic waste
without degrading crew quality of life.

DESCRIPTION: The Act to Prevent Pollution from Ships (APPS) requires the U.S. Navy to retain all plastic waste for
shore disposal. Since most of the plastic waste generated at sea is food contaminated, the Navy developed management
procedures that require the waste to be stored in heavy weight plastic bags to form an odor barrier. These bags, called
Odor Barrier Bags (OBBs), are currently sealed with either an adhesive tape, or by the use of a heat sealer, which have
several shortcomings:
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The adhesive sealed bags are difficult to make effective air-tight seals, are expensive, and require additional storage
space (non-adhesive bags are provided on a roll, while the adhesive bags come in a box).

The current heat sealer (Doboy HSB 1) is prone to failure, labor intensive, expensive, and a potential safety hazard. In
addition, user feedback has indicated that the seal width is too narrow and the unit is awkward to use.

A need exists to develop an improved method to achieve air-tight OBB seals that is cost effective, quick, and safe.

PHASE I: The contractor will research technology that can demonstrate effective sealing OBBs that will not degrade
crew quality of life, increase workload, and is rugged enough to withstand the shipboard environment. The contractor
will deliver a report defining the approach for the proposed technology and the associated operational
procedures/management plan.

PHASE II: Following acceptance of the contractor’s report to the Navy, the use and feasibility of the proposed
technology will be demonstrated in the laboratory and at-sea on a Navy vessel.

PHASE III: Develop a standard operating procedure for the use of the recommended technology and provide technical
support and consultation to the Navy to ensure its acceptance and implementation.

COMMERCIAL POTENTIAL: The technology may be adapted for use in the commercial shipping industry, food
industry, recreational boating, and additional areas/applications where a reliable, cost effective means is needed to seal
materials in OBBs.

REFERENCES:

1. National Stock Number of OBBs (Non-adhesive): 8105-01-392-6510 (Small OBB), 8105-01-393-6515 (Large OBB)

2. Proposed submarine Odor Barrier Bags: Curlon Grade 9450-MM, 10 mil coextruded film, Manufactured by:
Curwood, Inc., A Bemis Company, 718 High Street, New London, WI 54961

KEYWORDS: Plastic, Waste, OBB, Disposal, APPS, Heat Sealer

NO02-027 TITLE: Submarine Rescue Chamber/Hold-down Installation Via Underwater Friction Stud Welding
Using Atmospheric Diving Systems

TECHNOLOGY AREAS: Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PMS 350/395; Advanced Seal Delivery
System (ASDS)/Seal Support System

OBJECTIVE: Develop a system that is capable of welding studs to a disabled submarine at depths beyond current
capabilities that would allow for attachments to support the Submarine Rescue Chamber (SRC) and Deep submergence
Rescue Vehicle (DRSV) and provide a means for life support and gas sampling using a hot tap process.

DESCRIPTION: Lessons learned from the sinking of the KURSK showed the need for developing the capability to
attach a downhaul/hold-down device to a stricken submarine in addition to providing life support gas. Rescue of the
KURSK was hampered by lack of welding capabilities beyond 100fsw and military diving capabilities beyond 300fsw.
Underwater friction stud welding is a mature process that has proven capabilities for producing sound welds at 1300fsw.
Atmospheric diving is also a mature process with proven capabilities to 2300fsw. This project will require interfacing an
underwater friction stud welding system to an atmospheric diving system (ADS). Underwater welding of any process has
never been attempted using an ADS. The challenge is designing fixtures that will aid the ADS in the manipulation of the
friction stud welder along with semi-automatic insertion of the studs into the welder. The friction stud welder requires a
restraining mechanism that can be achieved by electro-magnets, vacuum pads, or mechanical restraint. The best method
for restraining the welder to the hatch area of the submarine will have to be determined and developed for use with the
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ADS. Tooling and fixtures will also have to be developed for aligning and placing a pad-eye onto a rescue hatch of a
submarine along with developing the hot tap process.

PHASE I: Develop a system design for interfacing the friction stud welding system to the ADS plus all required tooling
and fixtures for attachments to a submarine hatch. In addition, design a hot tap process using hollow studs friction
welded to the pressure hull of a submarine.

PHASE II: Prototype and test at a minimum depth of 1300fsw to prove the capability to attach a pad-eye onto a hatch,
and perform a hot tap process.

PHASE III: Standardize design for use on all classes of submarines, US and foreign. Adapt for use on off-shore oil
platform repairs.

COMMERCIAL POTENTIAL: Off-shore oil platform repairs that currently require saturation diving and dry chamber
welding to effect.

REFERENCES:

1. Murray, R.I., Underwater Friction Stud Welding: American Bureau of Shipping, International Workshop on
Underwater Welding of Marine Structures, December, 1994, p, 177-187

2. Hard Suit Manual, MAN-HS2-THA, Hard Suits Inc., North Vancouver, British Columbia, Canada V7J-1J3.

KEYWORDS: Diving, Welding, Rescue, Submarine, Friction Stud Welding

NO02-028 TITLE: Advance Algorithm for Total Ship Monitoring Improvements

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: NAVSEA 93/ASTO: SSN-688 Total Ship Monitoring
System

OBJECTIVE: To develop innovative processing and analysis techniques which improve the diagnostic and localization
capability of submarine total ship monitoring (TSM) systems.

DESCRIPTION: TSM systems to be installed on submarines include extensive acoustic sensor networks to detect
radiated noise. Current plans will upgrade TSM telemetry and processing hardware but there are no planned efforts to
upgrade TSM signal processing and analysis capability. Existing TSM processing is rudimentary and reflects resource
limitations of legacy processing systems. Innovative processing and analysis techniques are sought to improve the
effectiveness of TSM systems in detecting, classifying, and localizing unwanted radiated noises. Potential techniques
might include spectral analysis methods for non-stationary signals, neural net or fuzzy logic classification algorithms,
machinery signature analysis, processing between internal hull mounted and external noise monitoring or sonar sensors,
processing between ownship and remote sensors, etc. The Navy's goal is to achieve the most diagnostic and vulnerability
information possible from the extensive TSM sensor data available.

PHASE I: Develop specific processing techniques to improve TSM diagnostics. Explain the theoretical basis and
develop a limited prototype processor for proof of principle.

PHASE II: Develop a limited scale processor that can process recorded TSM data in a lab environment. Process
recorded data for algorithm optimization and provide metrics for resulting performance.

PHASE III: Develop a production software version of successful TSM processing techniques for integration and back fit
with installed Fleet TSM systems.
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COMMERCIAL POTENTIAL: The technologies developed on this program have application in industry to monitor
industrial processes. It has the potential to reduce the number of operators and watchmen needed to control and manage
an automated industrial process. It has potential for detecting failures or anomalous behavior in facilities that are not
ordinarily attended.

REFERENCES:

1. W.J. Wang and P.D. McFadden, "Early Detection of Gear Failure by Vibration Analysis", Mechanical Systems and
Signal Processing, vol 7,pp. 193-203, 1993.

2. C.L. Nikias and A.P. Petropulu, "Higher-Order Spectral Analysis: a Nonlinear Signal Processing Framework",
Prentice-Hall, 1993.

3. W.S. Burdic "Underwater Acoustic Systems Analysis" 2ed Edition, Prentice Hall, 1991. Chapter 12

4. R.J. Urick " Principles of Underwater Sound" 3rd Edition, McGraw Hill, 1983. Chapter 11

KEYWORDS: Vibration Monitoring, Signal Processing, Machinery Analysis, Total Ship Monitoring, Algorithms,
Acoustics

N02-029 TITLE: Optimized Detection Performance of Broadband Active Sonar in Non-Gaussian Underwater
Acoustic Environments

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop innovative broadband active sonar processing techniques that improve sonar performance by
better estimating the statistics of the non-Gaussian underwater acoustic environments to achieve near optimum detection
performance.

DESCRIPTION: Existing Navy sonar signal processing assumes that the background statistics are distributed in a
Gaussian manner. In narrowband processing, and in the open ocean environment, such assumptions are valid; however,
in the shallow water environment, or when broadband processing is performed, it is possible that the background
statistics can deviate from a Gaussian distribution. In order to achieve improved performance in these environments, the
sonar signal processing should take into account the effects caused by the possibly non-Gaussian background. The Navy
seeks to develop innovative signal processing algorithms that explicitly take into account the prevailing (possibly non-
Gaussian) statistics to secure near-optimal performance in an adaptive manner.

The developed algorithms, which will ultimately be hosted within a tactical sonar system, should be computationally
efficient for real-time processing of broadband active sonar arrays and robust in the presence of unexpected changes in
the prevailing statistics of ambient noise and reverberation. The Navy seeks processing techniques to take advantage of
non-Gaussian backgrounds in the antisubmarine warfare (ASW) arena at frequencies from 100 Hz to 1000 Hz, in the 1
kHz to 10 kHz region for ASW and mine avoidance, and above 10 kHz for ASW, mine detection, and bathymetry.
Algorithms should address one or more of these frequency regimes. The sonar processing bandwidths envisioned range
from one or two octaves to approximately a decade.

PHASE I: This phase will be a feasibility study to characterize the potential performance of candidate algorithms for
detection gains in non-Gaussian noise and reverberation backgrounds and to model the efficacy of the proposed
algorithms with appropriate synthetic and real data. The operational tradeoffs between processing parameters and system
characteristics (e.g., bandwidth, processing speed and throughput) will also be defined. The performance improvement in
terms of output signal excess, receiver operating characteristic (ROC) curves, or other selected performance metrics will
be quantified. Metrics will be developed for the evaluation of the prototype algorithms.

PHASE II: In this phase, the candidate algorithms will be prototyped and used to demonstrate and thoroughly test and
evaluate their performance in non-real time laboratory settings using broadband data. The prototype algorithms will be
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evaluated to determine the processing parameters and computational requirements as a function of operational bandwidth
and prevailing statistics of ambient noise and reverberation.

PHASE III: In this phase, the algorithms will be transitioned into tactical sonar suites via processes such as the Advanced
Build Process.

COMMERCIAL POTENTIAL: The improved detection performance of broadband active sonar systems equipped with
algorithms capable of exploiting the non-Gaussian statistics of the shallow water littorals promise to provide great
benefits to the government and Private Sector. Some of the areas where the increased performance of sonars will be of
benefit include search and rescue, harbor safety, fish finding and marine resource management, drug interdiction, and a
variety of other Coast Guard related activities.

KEYWORDS: Broadband Active Sonar, Non-Gaussian Processing, Adaptive Processing

N02-030 TITLE: Advanced Ship/UAV Recovery, Securing and Handling Interface

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: Develop and demonstrate a lightweight, inexpensive, mechanically simple ship system for safely arresting
vertical takeoff/landing unmanned aerial vehicles (UAVs) upon landing, securing them temporarily and maneuvering
them on deck.

DESCRIPTION: Surface combatants employ UAVs to perform a variety of functions. The future population of UAVs is
to employ vertical takeoff/landing capability to reduce shipboard impacts. This presents special challenges for shipboard
recovery, securing and handling. The presently projected system for arresting and securing UAVs weighing up to 2500
pounds on surface combatants employs a large (approx. 6’ diameter, 4” high, >2000 1b) steel grid on the ship’s deck. The
UAYV must carry a 100 1b “harpoon” mechanical locking device that is inserted into this grid. This grid and locking
device results in weight, handling and signature issues. The aft, moderately high location on ship compounds the
negative aspects of the weight interface. The system requires a powered mechanical action (harpoon locking) to secure
the UAV upon landing. The grid may be embedded in the ship’s deck, in which case it will infringe on the under deck
space allocated. If the grid is portable, stowage of the grid, which is wider than UAV landing gear, will be problematic.

The DD 21, designed for reduced/optimized manning, will not have the luxury of accommodating the extensive manning
impact such a system presents. This initiative is intended to elicit a means to positively secure multiple UAVs to a
surface combatant’s deck upon landing, preferably without a powered system. The system would be capable of remotely
releasing UAVs and providing a means to easily maneuver them on deck either for takeoff or for transport into and
within a hangar. A shuttle remotely controlled by a crewmember is envisioned as a means, but not necessarily the only
means, of raising the UAV and providing deck mobility. Such a system must of necessity offer low acquisition and
lifecycle costs, be mechanically simple, and provide for safe ship operation in a variety of shipboard conditions. The
system must present minimal impact on the UAV so as to preserve its performance and promote portability and
interchangeability between different UAVs. The system must also be capable of long-lived operation in the Navy unique
environment, including requirements for shock and vibration, and the interfaces must be capable for use throughout the
Navy Fleet.

PHASE I: Develop a low-cost, low-manning ship/UAV Recovery, Securing and Handling interface concept including

drawings, descriptive narrative and operating sequence description, weight breakdown and system cost estimates
(acquisition and lifecycle) and manning validation.
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PHASE II: Design and fabricate a prototype of the system developed in Phase I. Demonstrate the operation of the
system in recovering, securing and handling a simulated UAV in land-based testing. Demonstrate operation in a variety
of scenarios fully simulating shipboard conditions. Determine system weights, acquisition and lifecycle cost estimates,
ship and UAV impacts, and operational parameters.

PHASE III: Develop transition plans and demonstrate the commercial and shipboard uses of the recovery, security and
handling interface. Conduct shipboard feasibility testing to evaluate performance in the Navy environment and develop
full acquisition and lifecycle cost estimates. Provide detail drawings and specifications.

COMMERCIAL POTENTIAL: Any commercial ships or off-shore platforms, employing vertical takeoff/landing UAV's
or small helicopters could use such a system for similar purposes as those of the Navy.

REFERENCES:

1. Installation Design Requirements (IDR) for Vertical Take-off and Landing Tactical Unmanned Aerial Vehicle
VTUAYV, 29 September 2000

2. IL-S-8512 -- General specification for aircraft carrier deck support equipment

3. SAE AS-8090 -- Mobility specification

KEYWORDS: UAV, Landing, Arresting, Harpoon, Aircraft Handling

N02-031 TITLE: Automated Shipboard Provisions and Material Transfer System

TECHNOLOGY AREAS: Materials/Processes, Human Systems
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: Develop and demonstrate automated provisions/material transfer technologies that will significantly
reduce shipboard manning and outfitting requirements through automated operation (deploy and stow), handling—both
onto ship and with ship, product identification and tracking, and improved cycle time(s) while improving system safety,
reducing ship signature, and supporting all phases of shipboard operations.

DESCRIPTION: Transfer of provisions and food service material onto and within US Navy ships are manpower-
intensive operations. The shipboard processes employed are almost entirely manual with minimal modern equipment and
little automation. Material is landed aboard ship from a variety of methods (at-sea Underway Replenishment (UNREP),
pier-side, at-anchor) all employing different methods and equipment. Once aboard ship, the material unit load is
inefficiently transferred to multiple stowage locations either manually or by breaking the standard unit load into smaller
units to leverage existing shipboard material handling systems. Operator safety is problematic for deploying current
provisions/material transfer systems.

Requested is an integrated system(s) addressing provisions/material transfer to eliminate the shipboard workload,
signature impact, and equipment currently associated with these operations. The Provisions/Material Transfer System
(PTS) would integrate and automate the process of deploying, operating, and stowing provisions/material. PTS would
facilitate all methods of inter-ship provisions/material transfer, including UNREP, and would provide the foundation for
intra-ship provisions/material handling, including determination of product destination and subsequent routing. PTS
would also support inventory management/tracking through integration with proposed ship-wide monitoring systems.
The PTS will include computer-controlled sensors and operating mechanisms able to withstand shipboard motions and
environmental conditions. Legacy shipboard transfer components are not currently integrated, and current ship design
practices do not facilitate upgrade or modernization except in the most rudimentary manner. The development of a re-
engineered transfer system and the implementation of innovative automation technologies to minimize the manpower
requirements and signature impacts on Navy ships are required. These new methods must employ automation and
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mechanical aids designed for operation aboard Navy ships in a reduced/optimally-manned environment and must reduce
overall ship system requirements.

PHASE I: Develop an automated PTS concept for Navy surface combatants for provisions/material transfer functions to
reduce manning requirements and reduce current outfitting and area/volume impacts. Include shipboard
provisions/material handling and routing as an adjunct function of PTS beyond simply transferring material to ship.
Identify the resultant manning reduction, lifecycle costs and shipboard impacts and performance in the Navy unique
environment. Design conceptual prototypes and demonstrate key equipment and processes. Identify required equipment,
concept of operations, architectures, and interfaces including HSI, ship-machine and with existing and planned logistical
support communities.

PHASE II: Prototype the automated PTS concept as determined in Phase I. Demonstrate connectivity with ongoing and
proposed future efforts for ship-wide monitoring systems. Develop a concept to expand PTS to include demonstrating
(land-based) the operation of processes and individual items including defining maintenance procedures and projecting
lifecycle costs for all Navy shipboard operational scenarios. Define interface boundaries and conditions for new system
processes and equipment to address likely interfaces with legacy Navy systems such as shore-side/underway logistics
systems, inventory management/accounting tools, and ship general arrangements. Evaluate performance in the Navy
unique environment including shock and vibration requirements.

PHASE III: Demonstrate the automated PTS system aboard a US Navy ship operated by Navy personnel. Document
manpower reduction, lifecycle cost projections, maintenance requirements, impacts and interfaces with other ship
systems and the existing and planned logistical support communities, and performance in the Navy unique environment.
Develop a plan to transition the PTS system concept on US Navy platforms.

COMMERCIAL POTENTIAL: Cruise ships, cargo ships, tankers, and workboats in the commercial sector could benefit
from the incorporation of automated, integrated provisions/material transfer technologies and approaches, as could MSC
and USCG ships. The ability to unify provisions/material handling equipment for operation exterior and interior to the
ship has broad commercial application; as does integration of material handling and product identification and destination
tracking.

REFERENCES:

1. "NAVSUP Advanced Food Study aboard USS McFaul", Naval Supply Systems Command, Mechanicsburg, PA,
September, 1999.

2. "Modular Reefer Box Technology Demonstrator”, Naval Sea Systems Command, Affordability Through
Commonality Program (PMS 512), Arlington, VA, December, 1997.

3. “Co-Located Galley Life Cycle Cost Analysis for the Affordability Through Commonality Program,” August
1997, prepared by Naval Sea Systems Command, PMS 512 under Contract # N00024-92-C-4215: TI 6A016.

4. "Commercial Applications in Aircraft Carriers", Naval Sea Systems Command, PMS 312, Arlington, VA, March,
1999, prepared by MSCL Incorporated under Contract # N00024-95-C-4180: TIs 7J201, 8J008, 8J020, and 8J108.

KEYWORDS: Automation, Provisions/Material Handling, Food Service, Material Transfer, Product Identification

NO02-032 TITLE: Modeling Tool for Design, Manning, and Training of Shipboard Aircraft Operations

TECHNOLOGY AREAS: Materials/Processes, Human Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)
OBJECTIVE: Develop and demonstrate a computer-based tool for modeling shipboard aircraft operations for estimating
the manning requirements, analyzing safety requirements, and providing crew training. This tool will allow the

evaluation of alternative system designs and operating procedures during the ship design process. The built-in
customizable data objects will model the launch and recovery of helicopters, UAVs, and VTOLs from surface
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combatants and auxiliary ships in a combat environment with varying weather and sea states. The tool will provide on-
screen animation of the launch and recovery processes. Replays provided by a video recording capability will assist
system designers to optimize the aviation portion of the ship’s design using human system integration (HSI) techniques.
When the design, manning, and operational procedures are set, the resulting animations will in turn be used for crew
training. The tool will allow the capture and analysis of data needed for parametric analyses during the shipboard
avionics system design and for assessing a trainee’s performance during training sessions. Finally, the tool will be
designed in a modular fashion easily facilitating changes due to the modifications and additions of functionality as
technology and missions change. In view of the rapidly increasing role of aircraft launched from ships engaged in littoral
warfare, growing demands for manning reductions aboard future naval combatants, and an equally rapidly decreasing
tolerance for exposing crew to injury, a tool with the capabilities described above is vital.

DESCRIPTION: The key requirement in designing the aviation facilities is to complete all the tradeoff studies that are
associated with the aviation system design before the ship’s size, arrangement, and manning levels are frozen. The
effects of changes in aviation facility design on ship’s size, arrangement, manning, mission worthiness, and situational
awareness produce significant cost impacts during later stages in ship design. Tradeoff studies for aviation system and
manning levels are quite complex. The hangar, pad, aircraft handling gear, adjacent deckhouse structure, and masts have
to be quickly arranged and modified during design cycles and parametric studies. Ship motion, atmospheric conditions,
and visibility have to be emulated. Aircraft control systems must be modeled, and takeoffs and landings need to be
simulated. Own-ship and enemy action must be emulated to represent the combat environment. And finally, models of
damage, equipment malfunction, and operator casualties must represent the applicable abnormal operating conditions.
All these have a direct impact on manning levels. With the optimally manned ships required for the future fleet,
understanding these manning and system impacts early in the acquisition process is vital.

This tool will provide scientific computation, graphics, and simulation that will provide the following capabilities:

* On-screen modeling and editing of ship’s geometry in the aviation area

Situational awareness displays using views of the moving ship and aircraft from selected angles to detect interference in
aircraft operation by ship’s structure

* Situational awareness effects through the simulation of offensive and defensive activities in which the ship may be
engaged during aircraft launch or recovery

* Incorporating the modeling of animated human characteristics into the analyses

* Algorithms for computing ship motions in specified sea-states

* Simulation of aircraft’s ground handling operation carried out by a given set of handling gear and crew

* Simulation of operator control on aircraft’s power plant, landing gear, and control surfaces

* Computation of aircraft behavior during takeoff, flight, and landing under normal operating conditions and under
specified damaged and malfunctioning equipment

The tool will integrate these capabilities into a seamless system for (a) rapidly creating and editing shipboard avionics
models, specifying the weather and visibility as well as combat environments, scripting events and defining the logic
(tactical doctrine); (b) interactively controlling selected aspects of simulation; (c) capturing the data and video of the
aircraft launch and recovery operations; and (d) collecting and organizing results from multiple replications to estimate
the effectiveness (probability of success) of a design solution for given manning policies and operating procedures.

To use this tool in a training environment, the hardware will be network compatible allowing the instructors and trainees
(the pilot, flight controller, and ground crew) effective interaction.

PHASE I: Provide proof of concept through the animation of landing and takeoff operations on a ship; demonstrate the
ability to create and modify ship’s geometry required in this simulation; show that the model development and execution
processes can be packaged to be sufficiently compact for use during concept design.

PHASE II: Complete the design of the modeling tool. Run test cases to validate algorithms and incorporate feedback

results. Develop a detailed design document for the tool for potential transition to Phase III. Finalize the database
design. Build prototype database.
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PHASE III: Produce and market the final system design. Develop design for implementation into other shipboard teams
and other ship classes (CVN, LPD-17, etc.). Assist users in adopting the tool in their design processes, and later for the
crew-training phase.

COMMERCIAL POTENTIAL: This will have applications to military, government, and private sector organizations
where air operations are involved. Helicopters are used extensively in offshore drilling operations. The problems in
modeling platform motion, structural interferences in the air space that surrounds the landing pad, equipment failures, and
fires are sufficiently similar so that they can be handled by customizing the library objects assembled for use in naval
surface ship design and crew training. Air operations from Coast Guard ships performing search and rescue missions
come even closer to the operations from naval ships and would be candidates for this tool.

KEYWORDS: Naval Aviation, Combat Ship Design, Shipboard Aviation, Manpower, Human System Integration,
Training, Health and Safety.

N02-033 TITLE: Automated Handling Systems for Launch and Recovery of Offboard Vehicles

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: Develop a lightweight, low cost, fully automated handling system for launch and recovery of oftboard
vehicles, which can be fitted to existing ships or designed into new classes of ship.

DESCRIPTION: As the number of capital ships decreases we will be employing an ever increasing number of
unmanned systems to leverage the capabilities of the ship while maintaining distance from the threat. Future ships such
as DD-21 will operate with a crew of about 95. Therefore, many functions will be automated. DDG-91 is currently being
designed to carry the Remote Minehunting System (RMS). Part of the system is an automated launch and recovery
system. However, significant hull form modifications are being made to accommodate this system. Fleet standard DDGs
do not have a system similar to RMS. Should the Navy decide to add such a capability to these ships the L&R would
likely be very manpower intensive. However, if a modular automated system can be developed and added as a ship
alteration, the introduction of unmanned offboard systems can be accelerated to the fleet. The system is required to
perform self-tests and integrate with offboard vehicle self-test system to indicate that all systems are ready prior to
vehicle launch. Upon activation the system must deliver the vehicle over the side of the ship into the water and release it
without interfering with other equipment or ongoing operations. When the offboard vehicle returns, the launch and
recovery system should communicate with the vehicle, assist it with the required close proximity approach, secure the
vehicle, and bring it aboard the ship. The only requirement to be placed on the ship is maintaining a steady course and
speed.

PHASE I: Develop a conceptual design of the system for use with an existing 7 meter Rigid Hull Inflatable Boat (RHIB)
with estimates of the weight, cost and ship alteration requirements. Select at least one ship for which the location and
concept of operations are defined.

PHASE II: Develop a detailed design, produce a working scale model, specify the system components and conduct a
technology survey to define COTS components available for use during production. Test the scale model at an

appropriate facility. Revise the estimates of weight, cost and ship alteration requirements developed during phase I.

PHASE III: Fabricate a full scale system using a GFE 7 meter RHIB, demonstrate automated functionality from a dock,
and assist in the installation aboard a ship to be selected by the Navy. Participate in testing at sea.

COMMERCIAL POTENTIAL: Automated handling systems are in great demand throughout industry; the oil
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exploration industry in particular employs a large number of off board vehicles and would have a use for such a system.

KEYWORDS: Automated Handling, Automation, Offboard Vehicles, Unmanned Vehicles, Launch and Recovery,
Handling Systems

NO02-034 TITLE: Scalability and Reusability Methods for Intelligent Tutors and Job Performance Aids for the
Maintenance of Reduced Manning Ships

TECHNOLOGY AREAS: Human Systems
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: The objective of this effort is to develop and demonstrate scalability and reusability methods that allow
Intelligent Tutors and Job Performance Aids (JPAs) the ability to expand across system boundaries combining on-
demand training, with the simultaneous repair of specific maintenance tasks. This will reduce the workload of
maintenance personnel onboard future reduced-manning ships, as well as reduce maintenance costs due to incorrectly
diagnosed and repaired ship systems.

DESCRIPTION: Future Navy ships will be operated and maintained by significantly fewer sailors. Increasing use of
automation, along with improvements in system reliability are behind this trend. One of the negative aspects of this, is
increased workload pressure due to the increase in the number and variety of systems assigned to the remaining
maintainers. At the same time, as more reliable systems require less regular maintenance, skill erosion occurs. When
something finally does go wrong, the maintainer faces a wider variety of maintenance problems with degraded skills,
resulting in increased maintenance costs due to incorrect diagnosis and repair.

Research and development efforts are required to expand the utility of advanced distributed learning (ADL) systems and
maintenance training aids. These aids must work from the component level to larger portions of the overall system, up to
and beyond the platform level. This proposal will investigate the scalability and reusability issues involved with the
expansion of the component level ADL aids into these larger system arenas. It will provide methodologies to use, and a
test bed to demonstrate the effectiveness of these methodologies.

The proposed methodologies and test bed training device will effectively and efficiently combine training with
maintenance in an on-demand system that will allow the maintenance personnel on optimally manned ships to function
effectively and efficiently under the new constraints these ships impose. Methodology studies will focus on identifying
and overcoming the boundary issues related to expanding system boundaries. System boundaries can relate to system
size (e.g. component or platform), design cycle location (e.g. legacy or new design), or system types (e.g. mechanical vs.
electrical). The computer-based test bed will consist of three parts, 1) a portable multi-modal, hypermedia computer
system that provides hands-free virtual displays, 2) interactive electronic technical manual, and 3) an intelligent tutoring
system that keeps both information on individual maintainers as well as the ship’s equipment maintenance schedules,
requirements, and status. Human Systems Integration (HSI) processes knit these together to produce an intelligent device
that is scalable to any size system, and can provide on-demand training, learning, and repair simultaneously without
regard to the level of expertise of the user.

The outcome of this R&D initiative is simultaneous maintenance and training requiring significantly fewer onboard
maintenance skills, and therefore, a dramatic reduction in maintenance manning, substantial improvements in
maintenance effectiveness, and reduced costs associated with incorrectly diagnosed repair and maintenance actions.

PHASE I: Define the scalability and reusability requirements for intelligent tutors and JPAs used on optimally manned
ships. Review the current state of ADL, JPA, and intelligent tutor technology with respect to the above requirements.
Define the test bed device software and user-computer interface (UCI) requirements, and identify the host application
under which the device will run. Develop the concept for the architecture for the maintenance data to be assessed. Select
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a sample set of maintenance activities targeting a selected large scale system, such as the propulsion plant, and conduct a
training and maintenance needs analysis to identify required skills, knowledge and abilities, and identify how the system
will provide these skills, knowledge and abilities. Develop a model of user-tool interactions and transactions in
representative tool use situations. Develop porting strategies that are scalable and reusable. Develop and demonstrate a
conceptual design for the training/maintenance device.

PHASE II: Develop the prototype of the device focusing on a selected large-scale system, such as the propulsion plant,
and beta test this prototype using input from representative end users. Modify the software accordingly. Define a set of
representative systems, missions, scenarios and functions and populate the training and d maintenance procedures,
descriptive materials, and tutorial database. Develop the on-line help resource. Produce user guide documents.

PHASE III: Market the final system to suitable Navy agencies and contractors, and potential commercial users, and
promote the use of the on-demand maintenance-training device for other shipboard teams and ship classes (CVN; LPD-
17, etc).

COMMERCIAL POTENTIAL: This system will have applications to military, government, and private sector
organizations where maintenance requirements must be satisfied by a limited number of maintenance personnel working
across varying size and types of systems. It will reduce the costs associated with incorrectly diagnosed repair and
maintenance actions. These costs are big dollar drivers in maintenance costs.

REFERENCES:

1. Chiefof Naval Operations (N86) Operational Requirements Document for Land Attack Destroyer (DD-21) dated 3
December 1996

2. Oser, R. L., Cannon-Bowers, J. A., Salas, E., Dwyer, D. (1999). Enhancing Human Performance in Technology
Rich Environments: Guidelines for Scenario-Based Training. In E. Salas (Ed.), Human/Technology Interaction in
Complex Systems, (pp. 175-202).

3. Ames, T.J. and Baker, C. C. (1990). Hypermedia and Intelligent Tutoring Applications in a Missions Operations
Environment. Professional paper presented at the NASA/Johnson Space Flight Center Symposium on Hypermedia,
Houston Texas.

4. National Advanced Distributed Learning Initiative website: www.adlnet.org

KEYWORDS: Just-in-Time Training, Maintenance Training, Tele-Maintenance, Training, Skill Acquisition, Job
Performance Aids, Intelligent Tutors, Advanced Distributed Learning

NO02-035 TITLE: Integrated Ship Environmental Management System (IS-EMS)

TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems, Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: Develop and demonstrate an integrated ship environmental management system (EMS) to coordinate and
manage ship environmental issues, certifications and responsibilities, facilitate environmental compliance and decrease
ship environmental workload.

DESCRIPTION: Navy ships are subject to many international, federal and local environmental requirements. Despite
Navy efforts to disseminate environmental policy and install environmentally compliant technology on ships, inspections
have documented instances of environmental non-compliance, inoperative equipment, and ship unfamiliarity with
requirements. Ships have voiced frustration regarding the burden and nuisance of environmental equipment and
programs. Lifecycle configuration management has been complex due to changing requirements and systems. Many
organizations have implemented environmental management systems (EMS’s) in response to similar issues. Those
organizations include large land-based industries, shipping companies, cruise lines, federal and state governments, and
other navies.
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An EMS is a single system or a collection of management systems designed to assist an organization in maintaining
control over and configuration management of the environmental performance of its activities, products, and services.
The intended result of an EMS implementation is to improve the environmental performance of the organization on a
continual basis through carefully designed management practices at all levels of operation. The Integrated Ship
Environmental Management System (IS-EMS) would be a life-cycle approach to environmental management that
facilitates information exchange and therefore increases awareness and the ability to prioritize environmental issues
facing a ship. The IS-EMS would provide ships with a standardized software environment to assist in complying with all
environmental requirements as outlined in Navy environmental policy documents. It would provide ships with a
management tool for identifying, delegating, and tracking shipboard environmental workload; measuring environmental
performance; producing reports and preparing for inspections; and communicating Fleet experience, problems, and
recommendations back to the shore-based supporting infrastructure. It would collect information from ships to assist
Headquarters, Type Commands, and Program Offices with risk analysis, planning, policymaking, and configuration
management. The ship design community could use information collected from ships to facilitate the improved design of
environmental capabilities in future ships and improved total ship design. It would communicate shore-based responses
back to at-sea ships. It would integrate with existing and databases and computer systems as available and necessary. It
would operate with DD 21 planned shipboard computer systems. The net result should be streamlined, efficient,
environmental management throughout the ship lifecycle.

PHASE I: Develop a detailed IS-EMS concept for a Navy surface combatant, including a functional requirements
document for the ship software and for the website with which it will interact. Identify system users (both ship and
shoreside), a concept of operations, and required equipment, software, and interfaces. Include relevant data to be
collected from the ship, and how the information will be processed and transferred to the larger naval community.
Identify ship software acquisition and lifecycle costs and document how it will change the shipboard working
environment and Sailor environmental burden.

PHASE II: Analyze and demonstrate feasibility of a prototype IS-EMS system, including a ship software package, a
website, and necessary documentation for the various IS-EMS interactions and protocols. Project shipboard workload
impacts, maintenance requirements, performance of the system, and life cycle cost estimates

PHASE III: Develop transition plans and demonstrate the commercial and shipboard use of an IS-EMS. Demonstrate the
IS-EMS aboard a Navy ship operated by Navy personnel. Evaluate performance in the Navy environment, including
documentation of shipboard workload impacts, shipboard perception, maintenance requirements, and performance of the
system. Develop acquisition and lifecycle cost estimates.

COMMERCIAL POTENTIAL: The maritime industry is required to implement Safety Management Systems by the
International Safety Management Code. These systems must include pollution prevention management, and are very
similar to environmental management systems. The maritime industry could benefit from a more integrated, standardized,
interactive, and “non-paper-based” system. The maritime industry is not transferring knowledge gained from operating
environmental systems via their safety management systems, and could also benefit from that IS-EMS capability.

REFERENCES:

1. Executive Order 13148, Greening the Government through Leadership in Environmental Management.

2. SECNAVINST 5090.8, Policy for Environmental Protection, Natural Resources, and Cultural Resources Programs.
3. OPNAVINST 5090.1B CH-2, Environmental and Natural Resources Program Manual.

4.  ANSI/ISO 14001-1996, Environmental Management System — Specification with Guidance for Use.

KEYWORDS: Environmental Management System, EMS, Life Cycle, Environmental Compliance, Data Collection,
Problem Identification
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NO02-036 TITLE: Engineering Control Human Performance Tool to Enhance Situational Awareness

TECHNOLOGY AREAS: Human Systems
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: The objective of this effort is to develop and demonstrate an automated tool that will enhance the ability
of human systems integration (HSI) professionals and systems engineers to identify shipboard engineering operational
tasks in which a high potential for human overload and error can be expected, and to develop solutions in the form of
prototype displays that will provide needed information and situational awareness while reducing cognitive workload.

DESCRIPTION: The increased use of automated sensing and autonomous machinery control in Navy ships is expected
to result in reduced human operator workload and thereby reducing manning. Task workload analyses conducted using
the DDG 51 class destroyer as a comparison baseline have shown that, on average, about 17.6 man-hours of workload are
required during a four-hour watch. This includes routine operation and monitoring of machinery systems with no major
casualties. Some of the current workload/manpower reduction technologies and potential impacts are Integrated
Condition Assessment System (ICAS) and the Reduced Ship’s Crew by Virtual Presence (RSVP) initiatives. These
systems will largely eliminate the need for hourly rounds by roving equipment monitors and the sounding and security
monitor. The Integrated Power System (IPS) may considerably simplify turbine and generator operation. Automated fuel
sampling and analysis systems should result in greatly reduced fuel management workload.

Many functions that are currently workload intensive can be automated with a corresponding reduction in manpower
under normal operating conditions by means of the automation and technology initiatives listed above. However, when
and where operator intervention is required has not been addressed. This leaves a large gap of knowledge surrounding
the question: “How will the relevant data be selected and displayed and how will the operator use these data to monitor,
diagnose, and correct off-nominal machinery and shipboard space events and conditions?” The automated data
collection systems listed above will be able to transmit large amounts of information to the engineering control personnel
and this will probably be sufficient to overload the operator. What is required is a comprehensive analysis of operator
task requirements, workload and error modes, and information display concepts during performance of diagnostic and
corrective activities to give the operator better situational awareness of engineering control. Machinery and engineering
space contingency events may not require workload/manpower intensive corrective maintenance actions, especially if
design approaches use component redundancy to defer maintenance until after a mission is completed. Nevertheless,
diagnostic and decision making tasks will be required prior to these actions and the cognitive demands of these tasks may
be considerably greater than the demands of the final corrective action.

The workload levels and human error potential characteristic of diagnostic tasks may be significantly increased in
reduced manpower environments because the operators will not have been involved in monitoring and evaluating the
engineering plant performance over a period of watchstanding as they do in existing ships. This will place a burden on
effective filtering, fusing, integration, and display of machinery status to operators and on algorithms for decision support
and system response simulation. In effect, engineering watchstanders will cease to be equipment operators and will
become casualty managers. This SBIR effort will address the task workload and performance of tasks central to data
monitoring, decision making, and casualty diagnosis on the part of engineering department operators and maintainers in
reduced manpower environments. The necessary tasks will be driven by off-nominal events associated with future
engineering plant machinery and automated data collection systems. Task analytical methods will be used to identify the
universe of operator/maintainer functions and tasks in a highly automated reduced manpower environment. A
function/task database will be developed containing an inventory of future ship engineering tasks in areas including data
collection, data filtering, data fusion, machinery trend monitoring, hypothesis testing, symptom-based diagnosis, decision
making, and action selection with regard to casualty response. Task characteristics will include information
requirements, decision requirements, action requirements, task duration, operator skill/’knowledge requirements, operator
error modes, and other appropriate descriptors. Discrete event task network simulation methods and workload analysis
methods will be used to exercise networks of tasks under various off-nominal and contingency event scenarios. System
engineers and human systems integration (HSI) specialists, in developing appropriate workload/manning concepts, in
evaluating these concepts, and in performing detail design of operator/maintainer tasks, will use these data and human-
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machine interfaces in designing optimally manned ships.

The result of this effort will be an enhanced ability on the part of HSI professionals and system engineers to identify tasks
in which a high potential for human overload and error can be expected in shipboard operations, and to develop
prototypes of displays to provide needed information with reduced cognitive workload for better situational awareness.
Reduction of casualty management workload and human error likelihood will then be achieved through human machine
interface design, training, reorganization of jobs and tasks, and restructuring of the information and knowledge provided
to the human operators.

PHASE I: Define the tool software and user-computer interface (UCI) requirements and identify the host application
under which the tool will run. Define example scenarios, conditions, functions, tasks, and error modes for a
representative ship and its representative engineering control systems. Develop a model of human task performance with
indications of workload and error modes and implications. Develop a model of user-tool interactions and transactions in
representative tool use situations. Develop and demonstrate a conceptual design for the tool.

PHASE II: Develop the prototype of the software and beta test this using input from representative end users. Modify
the software accordingly. Define a set of representative systems, missions, scenarios and functions and populate the
workload assessment and error modes and effects databases. Produce user guide documents.

PHASE III: Make the software available to suitable Navy agencies and contractors, and potential commercial users, and
promote the use of the engineering control workload reduction tool in concept evaluation efforts for other shipboard
teams and ship classes.

COMMERCIAL POTENTIAL: This will have applications to military, government and private sector organizations
where performance of humans using complex human-computer interfaces in reduced manning environments would
benefit from application of this tool and where improved situational awareness of engineering control is needed.

REFERENCES:

1. Chief of Naval Operations (N86) Operational Requirements Document for Land Attack Destroyer (DD-21) dated 3
December 1996.

2. Oser, R. L., Cannon-Bowers, J. A., Salas, E., Dwyer, D. (1999). Enhancing Human Performance in Technology
Rich Environments: Guidelines for Scenario-Based Training. In E. Salas (Ed.), Human/Technology Interaction in
Complex Systems, (pp. 175-202).
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N02-037 TITLE: Low-Cost Automatic Shipboard Wireless Configuration Management

TECHNOLOGY AREAS: Information Systems, Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO Surface Strike (DD-21)

OBJECTIVE: Develop an integrated approach for automatic configuration management of shipboard physical systems
and related information by exploiting shipboard wireless location area networks (WLAN). This innovative approach will
facilitate a reduction in total ownership cost by reducing shipboard workload and enable simplified technology and other
shipboard upgrades due to streamlined configuration management.

DESCRIPTION: Commercial applications of wireless radio frequency (RF) LANs have matured extensively over the
past 3 years. Navy wireless information technology (IT) systems are being developed for increased shipboard information
gathering for logistical, personnel, and maintenance-related systems. Shipboard wireless systems offer adaptability for
COTS technology refresh over long shipboard lifecycles and are particularly applicable for collecting system
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data/information from multiple remotely located systems and for mobile access to computer networks. Wireless LAN
installations can promote lifecycle cost savings over conventional “wired” networks through simplified reconfiguration in
response to new technology or mission/requirement changes.

With increased used of Commercial Off-the-shelf (COTS) systems on Navy ships and the attendant low COTS lifecycles
compared to ship lifecycles, frequent shipboard upgrades are projected in response to technology refresh and technology
insertion needs. Such upgrades present challenges for maintaining configuration management over Navy ship systems.

The growing number of ships with a wireless LAN presents an opportunity to simplify the configuration management of
ship systems. An automatic shipboard wireless configuration management system exploits this new capability by use of
small, low-cost RF tags within the WLAN. Such wireless configuration management (WCM) tags, provided with
different ship systems as they are installed on ship, would contain all necessary information sufficient for the ship to
exercise configuration management. These WCM tags would either point to web-based information that would be
accessible for shipboard retrieval or contain such information organically. WCM Tags would be upgradeable for new or
revised features via low-cost wireless standard interfaces. WCM Tags would enable access to all necessary information
for shipboard operation and maintenance including necessary technical manuals, integrated logistics documents, training
manuals, drawings, and other necessary documents. By supplying such information in a wireless fashion, configuration
management is simplified as the shipboard WLAN automatically registers new systems as installed (or removed). There
is no need for a human action to input data or scan system identification numbers. Thus, increased shipboard adaptability
is enabled.

Particular challenges in the shipboard environment are critical to overcome in realizing this approach. WCM Tags must
passively communicate with the shipboard WLAN via industry standard Open Systems Architecture interfaces which
may change over time. WCM Tags must operate in a Naval environment with extremes of temperature, humidity, shock,
vibration, smoke, sea spray, and electromagnetic interference for over 30 years. Tags must be small, operate passively
(un-powered) and require no wiring to other shipboard systems, and must be sufficiently inexpensive to permit
distributed use for ship systems. Ship WLANs must be able to distinguish between and track thousands of different tags
over the entire ship lifecycle. The payoff of this approach is in the reduced lifecycle cost due to simplified configuration
management of ship systems, thus automated for use on reduced/optimally-manned ships.

PHASE I. Develop approach and demonstrate feasibility of automatic shipboard wireless configuration management
(WCM) tags to operate within a wireless ship LAN. Conduct feasibility testing to evaluate performance in the Navy
environment and develop acquisition and lifecycle cost estimates.

PHASE II: Design and demonstrate shipboard an automatic shipboard wireless configuration management system using
existing wireless shipboard LANs and WCM tags. Conduct feasibility testing to evaluate performance in the Navy
environment and develop acquisition and lifecycle cost estimates. Conduct testing to simulate the 30-year necessary
lifecycle of WCM tags aboard ship.

PHASE III: Develop transition plans and demonstrate the commercial and shipboard use of an automatic shipboard
wireless configuration management system with WCM tags. Develop schemes to reduce the production costs of WCM
tags. Conduct feasibility testing to evaluate performance in the Navy environment and develop acquisition and lifecycle
cost estimates. Conduct testing to simulate the 30-year necessary lifecycle of WCM tags aboard ship.

COMMERCIAL POTENTIAL: Commercial interest in wireless communications represents one of the fastest-growing
sectors in the information technology field. RF passive, semi-passive and active tags are being used in a growing number
of applications. Configuration management represents a challenge for the commercial sector as well as the military, with
increased technology refresh due to decreased system lifecycles. An automatic shipboard wireless configuration
management system using WCM tags would find utility in any venture/system with a wireless LAN such as a building
for tracking high value equipment, an off-shore oil platform tracking parts and components, an commercial aircraft
tracking components and their maintenance records.

REFERENCES:
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NO02-038 TITLE: Advanced Digital Array Radar (DAR) Sensor Systems/Subsystems

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMS 452/426 Advanced Digital Array
Radar (DAR) Sensor Systems

OBJECTIVE: Advanced Digital Array Radar (DAR) sensor systems, components, sub-components are needed to
support technology refresh by Navy radar programs. Research or Research and Development efforts selected under this
topic shall demonstrate and involve a degree of technical risk where the technical feasibility of the proposed work has not
been fully established.

DESCRIPTION: DAR sensors and their associated systems/sub-systems function as the primary detection mechanism
for ballistic missile and air breathing threat defense applications, providing early warning of attack, target
detection/classification/identification, target tracking, and kill determination. New and innovative approaches to these
requirements using unconventional and innovative techniques are encouraged across a broad band of the RF
electromagnetic spectrum. Active, and interactive techniques for discriminating targets from backgrounds, debris,
decoys, chaff, electronic countermeasures, and other penetration aids are specifically sought. Sensor-related device
technology is also needed. Examples of some of the technology specific areas are: T/R module and antenna arrays,
signal distribution, photonic interconnects, time delay units, open system standards, Electronics Counter-
Countermeasures/ Adaptive jammer cancellation, low phase noise sources, radar timing and control, sub-array beam
forming, efficient radiating elements, energy storage. Entirely new and high-risk approaches are also sought.

PHASE I: Demonstrate that a new and innovative approach can meet any of the broad needs discussed in this topic for
future radar systems consideration.

PHASE II: Develop applicable and feasible prototype demonstrations and/or proof-of-concept devices for the approach
described, and demonstrate a degree of commercial viability.

PHASE III: Develop pre-production and production components and sub-systems for integration into Navy surface
combatants.

COMMERCIAL POTENTIAL: These technologies could be applied in many RF applications such as the cell phone
industry, commercial airport radar systems, and automotive industry.

REFERENCES:
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2. J. Tsui, “Digital Techniques for Wideband Receivers”, Artech House (1995).

3. M. Skolnik, “Radar Handbook”, McGraw-Hill Publishing Co. (1990).
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6. “Radar 2000” IEEE Conference Proceedings, Szu et al. “Commercial Application of Digital Radar”, May
Washington DC.
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NO02-039 TITLE: Multiple Function Distributed Test and Analysis Tool

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMS 400B - Aegis Weapons Systems

OBJECTIVE: Enable engineering and technical personnel to collect and analyze complex electronic system
characteristics for performance trending, remote monitoring, error and workload reduction. This system, if developed,
will allow more comprehensive and thorough radar system grooming and testing with less support from the AEGIS In-
Service Engineering Agent. This will allow the Navy to improve performance of fielded systems at current or reduced
infra-structure cost levels.

DESCRIPTION: Information and data acquisition technologies have been demonstrated as useful tools in the acquisition,
storage, transmission and analysis of complex electronic systems. Statistical analysis tools that utilize data acquired
during critical or complex procedures may be useful to support decision-making processes and reducing analysis time
and work effort. The integration of these tools would require the research and development of heuristic or neural models
that accurately reflect the behaviors of the system under test in varying conditions. These software models can be used to
validate optimum characteristics of the system under test with current characteristics. This would result in alignments and
analyses with tolerances that cannot be consistently achieved with manual processes, which, in turn, would improve
system performance and reduce down time. Computer control of the test instrument and validation of the results would
significantly reduce or eliminate errors caused by incorrect settings or misinterpretation. The acquired data would be in a
form that is easily shared among collaborating technical personnel at diverse locations, reducing support costs. Finally,
the database model could integrate multiform technical material, enhancing technical training.

PHASE I: Explore innovative technology ideas and develop a feasible concept for a multiple function distributed analysis
tool using a candidate system. The concept should incorporate: record functions to archive data necessary for trending;
software models to trend and analyze performance changes and characteristics; a “pass to proceed” function for step
oriented test procedures; instrument controls for operation in a test development and test execution mode; technical data,
displayed relative to the test procedure, system, unit and component under test; and a remote capability to support
collaboration between technical and engineering personnel in divergent locations.

PHASE II: Design, fabricate and demonstrate a prototype proof of concept unit and remote monitoring station based on
Phase I design objectives. The proof of concept shall demonstrate a significant reduction in “front to back™ alignment
time, a savings in test equipment and support costs, and a reduction in maintenance and training time for engineering and
technical personnel. The test instruments used should be non-intrusive and have no additional affect on the current
system operations or operating systems. The Phase II effort shall validate the proof of concept, define hardware, software
and firmware for a Phase III effort.

PHASE III: Develop production system for Navy radar application building on the Phase II the prototype. Transition to
commercial markets and non-SBIR funded status through the sale of derivative proof of concept units to private
corporations and government agencies who own, operate or maintain, cellular or personal communication systems, radar
or radio transponder systems, cable and broadcast television and radio networks, or medical diagnostic and imaging
systems, as a single integrated systems analysis tool.

COMMERCIAL POTENTIAL: Private sector costs for highly trained personnel, expensive single purpose test

equipment, on-site monitoring and non faulted component replacements for complex electronics systems are not unlike
that of the government. Providing a tool that can provide accurate and reliable trend analysis for systems that are
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gradually failing, allow for remote monitoring of critical elements and reduce alignment time will reduce support costs.
Also reduced will be the cost of travel and system non-availability. System down time for commercial ventures is costly
and non-productive, the decrease in down time will be a net increase in productivity.

REFERENCES:

1. "Adaptive Rule of Combination for Observation Over Time," Murphy, R.R., Proc. of the 1996 IEEE/SICE/RSJ
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N02-040 TITLE: Multi-Function Displays for Warfighter Consolidation

TECHNOLOGY AREAS: Information Systems, Human Systems
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT 1C: PMS400D -DDG 51

OBJECTIVE: Develop a display management architecture coupled with a display to allow multiple functional roles to be
managed and executed through a single display.

DESCRIPTION: The human interface too command and control of the battlespace is implemented through and depends
upon display systems. The ability of these systems to effectively present rapidly convey information ranging from
equipment and weapons status information to sensor detections to a synthesized full battlespace representation
dramatically impacts combat effectiveness. With the budgetary and crew size reductions and the increasing pace and
complexity of the battle space it is essential to find ways to manage and execute multiple warfare functions through a
single display. The ability to do this depends on managing the information displayed at any one time, presenting the
information in a fashion that most quickly and effectively conveys knowledge to the user, and achieving maximum
contrast, clarity, and information density on the display without loss of readability.

Information and knowledge management provide potential approaches to the first part of this problem. Use of
knowledge base concepts as organizational underpinnings for software agents monitoring user activities may provide the
structure for a system to perceive current user needs and manage the presentation of information available from all
sources. The manager would also need to balance the presentation of information for the current action with information
about other competing functions. Genetic algorithms, fuzzy logic, semantic networks, and other algorithmic tools may
support the depth and sophistication of information processing required. Information display presents a second
challenge. The "best" display is the one that most quickly and effectively provides the user with the knowledge needed
to understand the situation and execute the best course of action. The use of 2D, 3D, and Stereo views coupled with
animation, color, and sound may all be appropriate at different times in different situations. Some of the potential
situations need to be explored and rules and guidelines need to be codified for the implementation of such systems in an
open architecture environment. The effective integration of a display system with a display depends in the end on the
ability of the user's to see the data and understand it. Display technologies that provide the best contrast, view angles,
and resolution should be explored to deliver the best overall system.
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PHASE I: Develop a feasibility concept for a total system including display management system, approaches to
implement the "best" format, and candidate implementation platform(s).

PHASE II: Develop a prototype system and demonstrate the ability to manage information across two functional areas
simultaneously. Present the full range of expected actions in each of the functional areas using all the presentation
formats appropriate to the problem. Provide demonstration of the ability to interconnect the system with multiple
sensors, ship system or combat system elements using the open architecture. The functional areas should be as broadly
based as practical.

PHASE III: Incorporate the decision support architecture into a set of selected warfare support areas.

COMMERCIAL POTENTIAL: This product is directly applicable to commercial transportation systems, power plant
operating systems, and other operational environments where high stress, rapid response actions are required.

REFERENCES:

1. Bradley.M., Burns, S., Downs, R., Lestina, T., Roberts, M., Runnerstrom, E., Yufic, Y., Sheridan, T., Tatem, P.A.,
Williams, F.W., "Damage control - Automation for Reduced Manning/ Supervisory Control System Development -
Phase 1," NRL Memorandum Report, NRL/MR6180-00-8468 of June 26, 2000.

2. Stover, J.A., Barr, R.R., Bruhn, P.L., Lang, S., Williams, F.W., "Shipboard Damage Control - Automation for
Reduced Manning (DC-ARM) - Intelligent Controller - Part 2," NRL Memorandum Report, NRL/MR6180-00-8460
of May 29, 2000.
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N02-041 TITLE: Radar Technology/Unit Cost Reduction

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMS 452/PMS 426 Navy Theater Wide
Ballistic Missile Defense (NTW)

OBJECTIVE: The Navy continually investigates diverse technologies for both TBMD and TAMD applications. As
such, advanced radar technology demonstrations for affordability and advanced industrial practices to demonstrate both
improved manufacturing processes and improved business methods are of interest. Proposed efforts funded under this
topic may encompass any specific manufacturing process technology at any level resulting in a radar, array subsystem, or
T/R module unit cost reduction. Research or Research and Development efforts selected under this topic shall

demonstrate and involve a degree of technical risk where the technical feasibility of the proposed work has not been fully
established.

DESCRIPTION: Drastically lower unit cost of radar components and subsystems through manufacturing revolutions
will lead to affordable high volume production. This will result in an improvement in the affordability of new ballistic
missile defense radar systems and the development of cost effective methods to sustain existing developments while
impacting the next generation of acquisition systems. High unit cost reduction through the development of high volume
commercial items that fill military radar requirements are required. Innovative approaches that will allow low cost
procurement of new technologies for the next generation of ballistic missile defense systems and maintain these systems
while providing for their upgrades will make total life-cycle costs more affordable. Innovative manufacturing
technologies which reduce the cost per unit, repair, or remanufacturing/reengineering of entire radar sensor systems,
components, sub-components, or piece part specifics are specifically solicited.

PHASE I: Proof of concept that new and innovative research and development approaches can meet needs for future
radar systems.
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PHASE II: Develop applicable and feasible prototype demonstrations and/or proof-of-concept devices for the approach
described, and demonstrate a degree of commercial viability.

PHASE III: Develop pre-production and production components and sub-systems for integration into Navy surface
combatants.

COMMERCIAL POTENTIAL: These technologies could be applied in many RF applications such as the
telecommunications industry, commercial airport radar systems, and automotive industry.

REFERENCES:
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KEYWORDS: Radar, T/R Module, HPA, Wide Bandgap, Wide Bandwidth, Thermal Management

N02-042 TITLE: Low-Cost Wireless Shipboard Local Area Network

TECHNOLOGY AREAS: Information Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IVT: PMS 400F - Smartship Integrated Ship
Controls (ISC)

OBJECTIVE: Develop innovative enabling technologies/approaches/systems/processes to enable the increased
shipboard use of wireless Local Area Networks (LANSs) by reducing the costs for system acquisition and installation.

DESCRIPTION: Commercial applications of wireless radio frequency (RF) LANs have matured extensively over the
past 3 years. Navy wireless information technology (IT) systems are being developed for increased shipboard information
gathering for logistical, personnel, and maintenance-related systems. Shipboard wireless systems offer simplified
adaptability for COTS technology refresh over long shipboard lifecycles and are particularly applicable for collecting
system data/information from multiple remotely located systems and for mobile access to computer networks.

Wireless LAN installations can promote lifecycle cost savings over conventional “wired” networks through simplified
reconfiguration in response to new technology or mission/requirement changes. The objective of this initiative is to
reduce the acquisition and installation costs to achieve a ship-wide wireless LAN through innovations in
technologies/approaches/systems/processes. Acquisition and installations costs current are a major impediment to
wireless LAN exploitation throughout the Fleet. Schemes that include dual operating modes, such as inclusion of
InfraRed (IR) communications, are especially desirous. Use of Open System Architectures standard interfaces is
essential to enable increased shipboard exploitation of commercial systems over long ship lifecycles.
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PHASE I: Develop affordable, innovative wireless LAN enabling concept that results in reduced acquisition/installation
costs for shipboard use.

PHASE II: Analyze and demonstrate feasibility of approach developed in Phase I in both laboratory and shipboard
environments. Document approach and impacts on capability, acquisition, installation and lifecycle costs. Demonstrate
cost reduction approaches under multiple scenarios simulating operational conditions to evaluate capability, security, and
electromagnetic interference/compatibility.

PHASE III: Develop transition plans and demonstrate the commercial and shipboard use of approach. Demonstrate cost
reduction approaches under multiple scenarios simulating operational conditions to evaluate capability, security, and
electromagnetic interference/compatibility.

COMMERCIAL POTENTIAL: Wireless technology represents one of the fastest growing sectors of the IT market.
Wireless LANs are in use in a number of commercial applications including industrial plants, office buildings,
universities, etc. The upfront costs of wireless LAN installation remain an impediment to increased proliferation.
Schemes that reduce these costs for shipboard use are easily transferable to land-based use. Security and Open Systems
Architecture interfaces are especially prevalent concerns in the commercial market.

REFERENCES:

1. ISNS PPL/QPL Test Report: Wireless Local Area Network (WLAN), August 31 2000, SPAWAR, Rev 2.1,
Integration Test Facility, SSC SD. (Report available in Adobe Acrobat format from topic writer)

2. USS The Sullivans Wearable PC and Wireless LAN Electromagnetic Interference and Threat Analysis Test Report,
15 October 1998, PEO Theater Surface Combatants, PMS-400F7. (Report available in Adobe Acrobat format from
topic writer)
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N02-043 TITLE: Long Range Wireless Network Communication Capability

TECHNOLOGY AREAS: Information Systems, Electronics

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT ID: PMS 465 - Cooperative Engagement
Capability (CEC)

OBJECTIVE: Develop an innovative long range communication capability to form a wireless network between operating
units.

DESCRIPTION: The radio frequency spectrum is congested with a variety of users from citizens and businesses. This is
being exacerbated by the development of third generation (3G) and fourth generation (4G) wireless systems for mobile
voice and Internet-accessibility. Current long range communication systems must contend with a variety of interfering
signals as well as insure that they do not interfere with other narrowband radio systems operating in dedicated bands.
These concerns could be alleviated by using an approach that has minimum RF interference, such as UWB technology,
plasma antenna or using technology, which doesn't operate in the radio frequency spectrum at all.

Develop a communications system, which can form a long range wireless network between moving operating units.
Technologies such as ultra wideband (UWB), plasma antenna or non-radio frequency (non-RF) spectrum should be
considered. The approach must operate reliably in all kinds of weather. The system must accommodate a high-speed data
rate with extremely low latency. The effective range must be suitable for communicating between sea/land borne stations
and aircraft. Line-of-site range is a minimum requirement. Approach must minimize or control propagation anomalies,
have no health hazard to humans and be environmentally friendly.
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PHASE I: Conduct a feasibility study for an innovative communications system which is all weather, has a high-speed
data rate with extremely low latency, and can operate over long ranges (at least to the horizon) between moving operating
units. Document concept and possible design.

PHASE II: Develop and document the prototype communications system identified in PHASE I. Build a prototype
system using several stationaly and moving nodes in order to demonstrate its networking capabilities as well as its ability
to met the various performance and safety requirements.

PHASE III: Integrate the prototype communications system with a Navy system in order to see how effective data can be
passed between the nodes. Demonstrate system by doing field tests. Develop and produce a fieldable system.

COMMERCIAL POTENTIAL: The wireless communications industry is the predominant target market in the
commercial sector. Non-RF, UWB or plasma antenna networking will help commercial and military applications which
are being crowded out of currently used radio spectrum.

REFERENCES:
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NO02-044 TITLE: Non-destructive Battery Inspection Techniques

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMS 422 - Standard Missile Program

OBJECTIVE: Reduce Total Ownership Cost of primary, remotely-activated batteries by reducing the number of samples
destructively tested for Quality Evaluation Testing.

DESCRIPTION: Many weapon systems use primary, remotely-activated batteries to provide electrical power during their
use. The use of this type of battery provides the benefit of long shelf-life however they are subject to aging degradation
from a variety of sources. Quantitative analysis of the stockpile requires the activation of a number of samples on a
routine basis, after which statistical techniques are used to project the results to the entire stockpile. The process of
selecting samples, removing them from the weapon, procuring replacement samples, testing and analyzing the data is
costly. If a method could be developed which would provide information from which the performance of the battery
could be inferred with a high degree of statistical confidence the TOC for the weapon system could be significantly
reduced. These batteries are one-shot devices (see reference 1). Once activated they provide power for a short period of
time and then are expended, with no re-use or recharge possible. Non-invasive, non-destructive techniques are needed to
evaluate the electrochemical decomposition of the batteries during storage.

PHASE I: Investigate potential methods non-destructive inspection of batteries used the STANDARD Missile. The
battery chemistries of interest are zinc/silver-oxide, lithium aluminum/iron disulfide and lithium silicon/iron disulfide.

Develop list of candidate methods to be further investigated in Phase II.

PHASE II: Further investigate candidate methods and demonstrate the feasibility of each.
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PHASE III: Implementation of successful methods by weapons programs.

COMMERCIAL POTENTIAL: This technology could have application in other industries that would benefit from
improved non-destructive inspection techniques.

REFERENCES:
1. Linden, David, “Handbook of Batteries and Fuel Cells” 2ed. McGraw-Hill.

KEYWORDS: Electrochemical, Thermal, Battery, Power

NO02-045 TITLE: Thermal Management
TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMS 452/ PMS 426 - Navy Area Theater
Ballistic Missile Defense

OBJECTIVE: Radar antenna and T/R module thermal management and cooling technologies are critical for today’s high
power radars. A significant investment is made each year in the continued development of increasingly robust and
sophisticated cooling system technologies, which are applied to the ballistic missile technology program and other major
defense acquisition programs. Furthermore, radar thermal management systems, components and sub-components are
constantly under review for upgrade by the latest technology developments from industry. Research or Research and
Development efforts selected under this topic shall demonstrate and involve a degree of technical risk where the technical
feasibility of the proposed work has not been fully established.

DESCRIPTION: Higher power levels of future Navy radar antenna systems require state-of-the-art capabilities for waste
thermal energy acquisition, transport, and dissipation. Technology advancements are required in thermal management
for power generation systems, T/R modules, and all associated electronics. Concepts, devices, and advanced
technologies for all types of power cycles are sought, which can satisfy projected shipboard radar system requirements.

PHASE I: Identify potential new and innovative research and development approaches to meet the thermal management
needs discussed in this topic.

PHASE II: Develop applicable and feasible prototype demonstrations and/or proof-of-concept devices for the approach
described, and demonstrate a degree of commercial viability.

PHASE III: Develop pre-production and production components and sub-systems for integration into Navy surface
combatants.

COMMERCIAL POTENTIAL: These technologies could be applied in many RF applications such as the
telecommunications industry, commercial airport radar systems, and automotive industry.

REFERENCES:

1. R.Kirschman (ed.), “High-temperature electronics”, IEEE Press (New York, 1999).

2. P.L. Dreike et al., “An overview of high-temperature electronic device technologies and potential applications”,
IEEE Trans. on Components, Packaging and Manufacturing Technol., pp. 594-604 (1994).

3.  Weimer, “Thermochemistry and Kinetics”, Carbide, Nitride and Boride Materials Synthesis and Processing, edited
by A. Weimer, Chapman and Hall, New York, 79-113, (1997)

4. Ortega, A., Agonafer, D, and Webb, B. W., Eds, “Heat Transfer in Electronic Equipment,” ASME HTD, Vol. 171,
1991.
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5. Kreith, F. and Black, W. Z., 1980, Basic Heat Transfer, Harper & Row, New York.

G.F. Jones, “Analysis of a Gas-to-Plate Heat Exchanger for Cryogenic Applications,” ASME HTD, Vol. 167, 1991.

7. G.F. Jones, "Temperature and Heat-Flux Distributions in a Strip-Heated Composite Slab," J. Heat Transfer, Vol.

108, 1986, p. 226-229.

J.P. Holman, Heat Transfer, Fifth Edition 1981, McGraw-Hill Book Company.

9. Mallik, A.K.; Peterson, G.P.; Weichold, M.H. “On the Use of Micro Heat Pipes as an Intregal Part of Semiconductor
Devices”, Proceedings of the 3 rd Joint Conference of ASME-JSME Thermal Angering, 1991 Pg 393-401.

10. A.V. Virkar, T. B. Jackson and R. A. Cutler, "Thermodynamic and Kinetic Effects of Oxygen Removal on the
Thermal Conductivity of Aluminum Nitride," J. Am. Ceram. Soc., 72[11] 2031-2042 (1989).

11. W.C. Nieberding, J.A. Powell, “High-temperature electronic requirements in aecropropulsion systems”, IEEE Trans.
Industrial Electronics, pp. 103-106 (1982).
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NO02-046 TITLE: Ruggedization of Damage Control Equipment to Meet Shock Qualification Criterion

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT 1C: PMS400D (DDG 51)

OBJECTIVE: Develop a low cost system(s), which has varying static properties and provides dynamic shock mitigation
for sensors, cameras and smart valves. The system(s) should be capable of meeting or exceeding individual component
and system shock performance specifications as identified in MIL-STD-901D.

DESCRIPTION: The Advanced Damage Countermeasures (ADC) program will demonstrate improved damage control
automation to include an anticipatory damage control response mechanism to help reduce the energy release rate from
internal shipboard explosions and also identify an embedded sensor strategy and computing engine for automating
stability/hull damage assessment.

The ADC program is divided into four independent program elements that include; the development of an Advanced
Volume Sensor, the development of an Automated Hull Damage & Stability Monitoring System, the development of a
High Efficiency Water Mist technology and the introduction of a Water-based Blast Mitigation System.

Advanced Volume Sensor: A detection scheme and data analysis method for a remote real time optical sensor that is in
development. The Optical sensor will utilize both spatially and spectrally resolving capabilities. The spatial approach
will involve using a movie camera and analyzing the images for shapes and movement of shapes that are characteristic of
selective events such as fire and explosions. In the spectrally resolved approach, molecular emission is detected, which
could be in the ultraviolet of the infrared or both using point detection or a camera.

Automated Hull Damage and Stability Monitoring: This effort is to develop a monitoring system that will automatically
sense structural defects and flooding status, calculate and predict stability condition, and recommend and initiate actions
as appropriate. The rupture and detection and instrumentation will include: ultrasonic sensors for hull rupture and
defects; level sensors in all spaces to provide both pressure head and liquid levels; sensors to provide hatch and door
status; manual input. The detection strategy and stability-computing engine will then be integrated to calculate and
recommend or execute possible control actions to stabilize the ship.

High Efficiency Water Mist System: In recent years water mist has been gaining wide acceptance in fire fighting both as
a Halon alternative and as a substitute for conventional sprinklers. Most of the research effort to date has focused on the
machinery space and general hazard protection using high-pressure water mist generating systems. This effort will
continue to build on these previous studies and evaluate alternative methodologies to further improve the application of
water mist technology for electronic space fire protection.
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Water-based Blast Mitigation System: This concept injects a fine water spray into compartments in the vicinity of a
missile hit. The cloud of water droplets would then reduce the blast effects of the exploding missile warhead. The focus
of this effort is the demonstration of a reduction in peak overpressure and minimization of the resulting blast damage
area. A likely outgrowth of this effort is a ship-wide water mist system having dual utility: a fire suppression system for
peacetime fires and a system of blast mitigation in combat scenarios.

Additional information with respect to the four independent program elements of the ADC program will be available
upon request.

The Navy recognizes that one solution may not fill all applications; however, simplicity and commonality of solutions
will be favorably weighted. Extra consideration will be given to proposals that provide static and dynamic load
mitigation to a broad range of marine equipment, not just fire detection, fire-fighting and damage control equipment.

PHASE I: Develop a system configuration which, through a combination of analytical (and) experimental means, will
exhibit potential for providing shock mitigation in accordance with the Navy’s specifications. Identify configuration
requirements that must be considered in development. Develop/identify potential low cost fabrication methods for
manufacturing the systems.

PHASE II: Transition analytical/experimental findings into prototype concepts. Design, fabricate and characterize the
static and dynamic properties of the concepts. Fabricate associated hardware and conduct shock testing to assess
performance. These shock requirements should be established with Navy support. Develop and deliver product
specifications including performance and mechanical properties for evaluation. Provide prototypes for sea trials where
shock mitigation is required, particularly in harsh and corrosive environments.

PHASE III: Develop these concepts and products for use with low cost Commercial-Off-The-Shelf (COTS) fire
detection and damage control equipment, which will result in very large cost savings for the Navy. Transition concepts
to the fleet through installation for applicable fleet applications.

COMMERICIAL POTENTIAL: This type of system could be utilized in numerous industrial applications where shock
is an issue of concern. The potential use is very wide, which includes rotating and reciprocating equipment, and isolation
of precision equipment.

REFERENCES:

1. Lestina, T., Bradley, M., Downs, R., Runnerstrom, E., Farley, J.P., Durkin, A., Williams, F.W., "Development of
DC-ARM Reflexive Smart Valve," NRL Memorandum Report, NRL/MR/6180-01-8552 of May 7, 2001.

2. Mawhinney, J.R., DiNenno, P.J., and Williams, F.W., "New Concepts for Design of and Automated Hydraulic
Piping Network for a Water Mist Fire Protection System on Navy Ships," NRL Ltr Report 6180/0620 of October 22,
1999.

3. Pham, H.V., Hill S.A., Robertson, R.A., Mai, M.T., Williams, F.W., "The Operational Performance of a
Commercial-off-the-Self Advanced Fire and Smoke Detection System Onboard the ex-USS SHADWELL," NRL Ltr
Report, 6180-0404 of June 17, 1999.

4. Back, G.G., DiNenno, P.J., Darwin, R, L., Hill, S.A., Havlovick. B.J., Toomey T.A., Farley, J.P., Hill, J.M., "Full-
Scale Machinery Space Water Mist Tests: Final Design Validation," NRL Memorandum Report, NRL/MR/6180-
99-8380 of June 12, 1999.

5. Mai, M.T., Robertson, R.A., Williams, F.W., "Conceptual Evaluation of Staic and Variable Resistance Based
Closure Sensors," NRL Ltr Report, 6180/0066 of April 20, 2000.

6. Peatross, M.J., Scheffey, J.L., Hill, S.A., Nilson, J,C., Williams, F.W., Farkey, J.P., Toomey, T.A., "Series 3 Results
for Smoke Control Testing," NRL Ltr Report, 6180/0538 of November 19, 1998.

7. MIL-STD-901D

KEYWORDS: Shock Isolation, Corrosion Resistance
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N02-047 TITLE: Low Volume, Low Power, Real Time Image Processing

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMS 422 - Standard Missile Program

OBJECTIVE: Develop new data processing technologies that can execute real time spatial and temporal processing of
2D (and 3D) image data to locate, identify and/or track objects in the image field. New technologies must emphasize a
minimization in volume and power consumption characteristics.

DESCRIPTION: Imaging sensors with increasingly higher resolutions are becoming more prevalent in battlefield
applications. These higher resolution optical and RF sensors place substantial demands on current processing
methodologies and technologies to rapidly process the presence, motion and profile(s) of objects within the sensor’s field
of view. Much of this effort is to segregate increasingly complex objects from increasingly complex backgrounds. Asa
consequence, the data processing systems for these sensors tend to be large, complex and power demanding. These
features preclude use or full employment of high resolution sensors and their complex image processing systems aboard
small platforms. To alleviate these concerns, the Navy is seeking new processing technologies to rapidly assess the
spatial and temporal characteristics of both objects and background in order to detect, identify and track previously
characterized objects. The new technology must be able to assess translational and rotational motion and spatial profiles
(when resolved) of objects against both static and non-static background features. Innovations in minimizing volume and
power consumption and maximizing computational through-put will be sought. The Navy is seeking to apply this
technology to both passive and active sensor/seeker systems for missiles and satellites so volume, weight, reliability and
power requirements are a concern.

PHASE I: Develop concepts and design approaches that substantiate an achievable, highly parallel data processing
technology. Identify nominal sensors and object/background characteristics that will be used to establish performance
guidelines. Fully describe the theory of operation of the new data processing technology. Provide a detailed description
of how the new technology will assess spatial and temporal image features to segregate the object from the background.
Provide analysis showing conceptual performance characteristics and limitations.

PHASE II: Design, build and test a prototype system based on the technology products of Phase I. Based on the nominal
sensor and object/background characteristics used in Phase I, show the ability to detect, identify and track individual and
multiple objects. Identify probabilistic performance characteristics such as probability of detection/false detection,
probability of identification/false identification, and probability of track/false track. Show how the design might perform
for alternative window profiles relative to thickness and shape (such as spherical, conical or flat) based on projected
steady-state acrodynamic effects. Explain variations in volume and/or power consumption relative to the projections
established in Phase 1.

PHASE III: Transition to advanced development of a full-up design and production package.

COMMERCIAL POTENTIAL: Optical sensors properly enhanced with this data processor can conduct autonomous
commercial security surveillance, facial recognition and remote steering.

REFERENCES:

1. "Probability Models for Clutter in Natural Images"; Ulf Grenander and Anuj Srivastava; IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol. 23, No. 4 pp. 425-430; April 2001

2. "Nearest-Neighbor Classifiers in Natural Scene Analysis"; Sameer Singh, John Haddon and Markos Markou; Pattern
Recognition, Vol. 34 (8) (2001) pp. 1601-1612; 29 July 1999

3. "Global Shape Invariants: A Solution for 3D Free-Form Object Discrimination/Identification Problem"; A. Adan, C.
Cerrada and V. Feliu; Pattern Recognition, Vol. 34 (7) (2001) pp. 1331-1348; 7 June 2000

4. "Example-Based Object Detection in Images by Components"; Anuj Mohan, Constantine Papageorgiou, and
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Tomaso Poggio; IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol. 23, No. 4 pp. 349-361; April
2001

5. "A Computational Method for Segmenting Topological Point-Sets and Application to Image Analysis"; Kalitzin,
S.N.; Staal, J.; ter Haar Romeny, B.M.; Viergever, M.A.; IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol. 23, No. 5 pp. 447 - 459; May 2001

6. "Face Recognition Based on the Uncorrelated Discriminant Transformation"; Zhong Jin, Jing-Yu Yang, Zhong-Shan
Hu and Zhen Lou; Pattern Recognition, Vol. 34 (7) (2001) pp. 1405-1416; 23 May 2000

KEYWORDS: Data Processing; Spatial Processing; Image Processing

NO02-048 TITLE: Automated Battery Assembly

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMS 422 - Standard Missile Program

OBJECTIVE: Reduce Total Ownership Cost of thermal batteries by reducing touch-labor, reducing rejects, and
improving reliability

DESCRIPTION: Present manufacturing techniques for manufacturing of thermal batteries utilize a significant amount of
touch-labor for the assembly process. The battery components (anode, cathode, electrolyte/separator) are made from
pressed powders formed into a circular shape with a center hole (see reference 1). These are called pellets. The pellets
range in thickness from a few thousandths of an inch to several tens of thousandths. In general, pellet thickness increases
with diameter in order to maintain mechanical integrity. The larger pellets, such as found in the Aegis ER booster battery
(reference 2). After pressing the pellets are inspected , transferred to storage containers and transitioned to the
production line. On the production line the various pellets, along with current collector disks, are stacked in the correct
order on a mandrel. This entire process is manual and places the battery components at risk of damage each time they are
handled. Each battery consists of a number of pellets which may be over several hundred in total. The manual
processing can lead to stacking errors (something out of order) and pellet damage. Both of these can lead to catastrophic
battery failure.

PHASE I: Review processing flow at one or more thermal battery manufacturers. Determine mechanical properties of
conventional pressed powder pellets. Investigate alternative methods for handling the components of thermal batteries

during assembly. Perform a preliminary design of prototype system

PHASE II: Develop and demonstrate a prototype automated assembly system that can readily be integrated with thermal
battery production processes.

PHASE III: Commercialization of automated system

COMMERCIAL POTENTIAL: This technology could have application in other industries that require handling of
fragile or sensitive components such as silicon wafers, sapphire windows, etc.

REFERENCES:

1. Linden, David, “Handbook of Batteries and Fuel Cells” 2ed. McGraw-Hill.

2. Naval Sea Systems Command Critical Item Development Specification L6522781. Booster thermal battery SM-2
Block IV (Aegis ER).

KEYWORDS: Electrochemical, Thermal, Battery, Power, Affordability, Manufacturing
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N02-049 TITLE: Technology for Shipbuilding Affordability

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes

OBJECTIVE: The objective of the project is to develop and implement innovative technologies that will reduce the cost
of ship construction, thereby improving the competitiveness of the domestic shipbuilding industrial base and reducing the
cost of military ships.

DESCRIPTION: US shipyards along with suppliers, owners, operators, and government personnel have developed the
NSRP Advanced Shipbuilding Enterprise (ASE) Strategic Investment Plan, which reflects an industry led strategy to
promote commercial competitiveness and reduce the cost of military ships. The plan identifies five (5) major initiatives
and the associated sub-initiatives as R&D requirements for this industry. The entire plan is available for review on the
World Wide Web at http://www.nsrp.org. Of particular interest are initiatives directed toward implementing lean-
enterprise concepts. Proposals under this topic must address at least one of the five research areas and sub-initiatives
listed below:

1. INDUSTRIAL ENGINEERING/PRODUCTION ENGINEERING

Develop and provide to the industry standard process analysis tools that, when packaged together and fully implemented,
will support the realization of process improvements (and thus reduced costs and cycle times) across all production areas.
This research area is considered to be key to the industry’s successful transition from a “custom construction” to “world-
class manufacturing” shipbuilding approach. Industrial Engineering/Production Engineering elements may include:
*Process mapping and analysis methodologies

*Production process simulation modeling

*Manufacturing process metrics

*Standard interim product development methodology

*Design for Production rules

*Set-up reduction methods

*Standardized work

*Visual control methods

*Cellular/flow manufacturing

*Value Stream Mapping

*Layout methods to support flow manufacturing

2. MANUFACTURING TECHNOLOGIES

Develop, pilot, and provide to the industry, manufacturing technologies (e.g., surface preparation and coatings, welding
and joining, forming, etc.) process and/or material improvements that would result in measurable labor, cycle time and/or
material savings. Focus areas to be considered include:

*Edge preparation technologies for removing sharp corners on profiles and plates

*Increased use of weldable preconstruction primers

* Alternative blast media and systems

*Portable/flexible containment systems

*Coating automation

*Joining technology

*Inspection methods and processes

*Material cutting, forming, and processing

*Cost-effective safety, health, and environmental improvements to these processes

3. STRUCTURAL PROCESSES

Define, pilot and provide to industry, manufacturing technology process and/or material improvements that would result
in measurable labor, cycle time, and/or material savings. Recommended areas of focus are:

*Use of standard interim products

*Value Stream Mapping

Navy - 71



*Cellular/flow manufacturing

*Part fabrication accuracy

*Improved process control techniques
*Process rationalization and automation
*Staging and scaffolding

*Material handling

*Joining technology

*Inspection methods and processes

4. ADVANCED PRODUCT DESIGNS AND MATERIALS

The Advanced Product Designs and Materials sub-initiatives include the identification and development of new and
“breakthrough” product designs and advanced materials required to ensure U.S. shipyards market differentiation in the
ships of the future. Potential developments under this initiative may include shallow draft ocean going designs,
automated cargo handling capability, advanced propulsion systems, standard integrated control systems, reduced
shipboard manning capability, designs for improved shipboard maintenance and safety, advanced adhesive products,
innovative fire protection systems, unstiffened curved plate arrangements, protective coatings, and advanced composite
structures (NRC, 1996). Another sub-initiative may be the regulatory implications associated with promising advanced
product designs and materials.

5. COMPUTER-AIDED MANUFACTURING (CAM) INTERFACES

An important aspect of shipyard integration (which has been largely ignored) involves the problem of exchanging a ship
design between different CAM systems. Projects in this area should focus on developing an environment where the
evolution of CAD systems is decoupled from the CAM systems, enabling yards to add new CAD systems by adding only
one pathway to a neutral format CAM database. Improvements in either CAD or CAM can be brought on line with little
impact to the other.

Multiple Phase I awards to the highest rated proposals overall are planned (awards will not be set aside within each topic
area). However two (2) additional Phase I awards will be made to firms with a cooperative research and development
agreement with a foreign firm that has demonstrated significant advances in the construction, outfitting, operation,
maintenance, and repair of commercial ships. The proposal title should indicate which of the 5 areas and subtopics are
being addressed, and the proposal should describe the technology that will be developed to solve the problem, how it will
be developed, and what the estimated benefits will be, as well as how it will be transitioned into the shipbuilding
industry. Coordination with U.S. shipbuilders to adapt and implement “World Class” commercial best practices is
encouraged. Teaming with the shipbuilding industry to form integrated project execution and implementation team will
improve transition potential and is strongly encouraged.

PHASE I: Prove feasibility of improvements to be developed and detail where and why they will impact shipbuilding
affordability. Include a Return-On-Investment (ROI) analysis for industry implementation and close collaboration with a
shipyard customer to validate feasibility.

PHASE II: Develop a working prototype production system or prototype product to demonstrate its performance
characteristics. Present the technology being developed to the NSRP ASE Major Initiative and technology panels,
develop a commercialization (Phase III) plan, in coordination with NSRP ASE members, including descriptions of
specific tests, evaluations and implementations (including sites and points of contact) to be performed.

PHASE III: Implement the Phase III plan developed in Phase II in coordination with the NSRP ASE Program.

COMMERCIAL POTENTIAL: The technology developed under this topic shall be applicable to commercial
shipbuilding practices and marketable to the global shipbuilding market.

REFERENCES:
1. NSRP ASE Strategic Investment Plan and shipbuilding industry contacts are available on-line at
http://www.nsrp.org/
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N02-050 TITLE: Predictive Durability Model for Life Extension of Naval Waterfront Concrete

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop an analysis process that can be used to predict the life-cycle costs for existing Navy waterfront
concrete facilities. This analysis process will be applicable to the maintenance and repairs for reinforced concrete
structures exposed to the marine environment. The analysis process will also compliment the available industry
modeling software by incorporating marine concrete and specifically U. S. Navy marine concrete historic performance.
Deterioration mechanisms beyond chloride-induced corrosion will also be evaluated (i.e., ASR, sulfate attack, DEF, and
carbonation).

DESCRIPTION: An analysis process is needed to allow Navy engineers to predict the cost/benefit of using various
maintenance and repair technologies for existing concrete waterfront structures. This process can also be applied to new
construction materials and processes. Because there are virtually thousands of ways of formulating the materials and
chemical admixtures to produce an optimum design for the local environmental conditions it is necessary to develop
discreet models relating concrete chemistry options and the specific attack modes. The contractor shall address the
following attack modes.

* Corrosion of the steel reinforcement due to ingress of chloride ions
* Alkali-aggregate reaction (ASR)

* Sulfate attack

* Delayed ettringite reaction (DEF)

* Corrosion of the steel reinforcement due to carbonation

The model will be developed so that the user can optimize the concrete mixture to resist more than one of the likely
attack modes. In addition the contractor shall develop an environmental model of the atmosphere, sea and soil/land
factors that determine the most likely exposure that dominate the failure mechanisms.

The design team must include concrete chemists, concrete modelers and concrete materials practitioners experienced in
design, maintenance and repair of marine concrete. The government will accept proposals from innovative firms
competent in concrete design and concrete practice and skilled in modeling the concrete chemistry and failure
mechanisms.

PHASE I: Develop a plan to characterize exposure and performance of Navy waterfront structures. Collect initial
relevant field data capturing analysis parameters (permeability, corrosion initiation, corrosion rate, ASR, sulfate attack,
DEF, and carbonation. Develop Navy specific analysis parameters for analysis, and transfer initial Navy parameters to
industry modeling committees (SDC, ACI, and ICRI).

PHASE II: Validate the Proposed Methodology Characterize exposure and performance of Navy waterfront structures.
Expand evaluation scope to generate statistically confident Navy analysis parameters. Incorporate the specific Navy

analysis parameters into the state-of-the-art industry modeling software.

PHASE III: Marine concrete performance will be summarized in current durability analysis terminology.
Detailed field structure analysis will provide valuable input parameters for industry available modeling software.

COMMERCIAL POTENTIAL: Industry modeling software will be strengthened by Navy data for chloride ingress,
ASR, sulfate attack, DEF, and carbonation.
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NO02-051 TITLE: Movable Platform for Deep Water, Wave Power Generation

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

OBJECTIVE: Study and derive an approach to extract energy from ocean waves in deep water. The desirable
characteristics of the system should be such that it be a modular, floating, movable or self propelled platform capable of
producing usable electrical power in the range 100 kW to 10 MW from the energy in deep water (greater than 100m),
ocean waves.

DESCRIPTION: Several technologies and system configurations have been investigated in the past to convert the large
amounts of mechanical energy present in ocean waves into electrical energy. These earlier approaches, some of which
are now entering commercialization phase, have utilized wave power systems that have been moored in shallow water
(less than 50m) or are positioned on the shoreline or a breakwater. Such systems are intrinsically permanent. There is
both a military and a commercial need for a wave power electrical generation system mounted on a floating and easily
movable platform that can harvest significant amounts of energy from deep-water ocean waves. Such a system would
greatly reduce dependence on the need for fossil fuel (diesel or natural gas) that is traditionally used in remote, portable
power systems. Fossil fuel becomes very expensive to deliver to remote locations. Also in times of conflict, the
transportation route becomes vulnerable for interdiction. A self contained, movable wave power system should be able
to efficiently operate in water depths between 100 m and 2000 m and should be able to produce electrical power of up to
10 MW. The power generation system should be modular in nature and the platform and the power system should be
easily and quickly deployable. Military applications would include providing reliable, electrical power at a beachhead
established by the Marines in an amphibious landing.

PHASE I: Develop innovative concept and preliminary design of a movable, deep-water wave power generation system.
Design factors that will be evaluated will include ocean wave specifications, sea bed conditions, and anchoring
specifications, electrical power produced, type and amount of hybrid power system needed to supplement wave power
generators, size and weight of power generation system and movable platform and estimate of the cost of the system.

PHASE 1II: Design, build and test in a wave tank a scale model of a movable, deep water, wave power electrical
generation system. Report the system’s performance.

PHASE III: Design, build and ocean trial at a site chosen by USN or USMC, a prototype wave power electrical
generation system mounted on an easily deployable and movable ocean going platform. Detailed testing will be
performed over a period of 12 months.

COMMERCIAL POTENTIAL: The movable wave power generation system has many commercial applications. These
include remote power for coastal and island communities. Power for offshore platforms.

REFERENCES:

1. Ocean Power Technology's Wave Power System Institute of Mechanical Engineers November 30, 1999 Symposium
U.K. Department of Trade and Industry, London Conference

2. DOE web site http://www.nrel.gov

KEYWORDS: Remote Power, Renewable Power, Wave Power

N02-052 TITLE: Computational Physics and Chemistry for Novel Materials
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TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: PEO- Expeditionary Logistics; NAVFAC -
Expeditionary Warfare

OBJECTIVE: To develop a systematic approach that will lead to efficient synthesis methods of novel materials, with
emphasis on understanding the underlying quantum mechanical, physical and chemical properties that allow reliable pre-
calculation of such characteristics as: high-hardness, high-strength, enhanced and/or oriented transport of electrical and
thermal currents, high-temperature superconductivity, and switchable control of optical parameters (including those
which result in directed transparency and spectral selectivity).

DESCRIPTION: A fundamental problem in computational solid-state physics and chemistry involves the development of
a simulation program that accurately describes synthetic materials prior to laboratory production. For example, a
hallmark case in which computational physics was successfully applied to the design and analysis of a material - prior to
its laboratory synthesis - was the development of Boron Nitride by Marvin Cohen of U.C. Berkeley. Since current state-
of-the-art analyses are becoming capable of characterizing bulk material properties of technological interest,
computational exploration may now yield answers which would otherwise be too costly to seek in the laboratory.
Accordingly, the goals of this program include development of a computation engine based on general principles which:
(a) yields results that compare accurately with known properties in a representative sample of test cases, and (b) can be
extended to yet-to-be-explored materials.

PHASE I: Develop a computation engine which yields results that compare well with the known properties of a
representative sample of material test cases.

PHASE II: Prove the concept by extending the computation and comparison to an extensive list of known interesting
materials. Synthesize and fabricate a new material selected to enhance a property of interest.

PHASE III: Open the exploration by prescribing new materials with properties of interest, then derive and optimize
synthesis procedures to yield these materials.

COMMERCIAL POTENTIAL: Novel materials with high-hardness; high-strength; enhanced and/or oriented transport of
electrical and thermal currents; high-temperature superconductivity; switchable control of optical parameters; and
directed transparency and spectral selectivity represent enormous commercial opportunities.

REFERENCES:

1. M. L. Cohen, A. Y. Liu, “Predicting of New Low-Compressibility Materials,” Science, v245, p841 (1989)

2. E. Kanittle, R. M. Wentzcovitch, R. Jeanloz, and M. L. Cohen, "Experimental and theoretical equation of state of
cubic boron nitride," Nature 337, 349 (1989).

3. M. L. Cohen, et al, “C-axis Stress Dependence of Normal and Superconducting state properties of YBa2Cu307,
Phys. Rev. B., v39, p4231-4234 (1989)

A. Y. Liu, “Predicting New Hard Materials,” in Quantum Theory of Real Materials (Kluwer, Boston 1996), edited by
J. R. Chelikowsky, S. G. Louie;

A. A.Quong, A.Y. Liu, “First Principles Calculations of the Thermal Expansion of Metals,” Phys. Rev. B., v56, p7767
(1997)

4. J.K.Freericks, et al, “First Principles Determination of Superconducting Properties of Metals,” Physica B, v284-288
(2000) p425-426

KEYWORDS: Hard Materials, High-Temperature (High T C) Superconductivity, Directed Transparency

N02-053 TITLE: Characterize and Optimize ATR Performance for EO/IR Sensors

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace
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DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: TMPC (ACAT II), APS (ACAT III), Joint Signal and
Image Processing System - Navy (ACAT III)

OBJECTIVE: Development of methods to characterize and optimize ATR performance, specifically to address tactical
electro-optical and infrared reconnaissance and surveillance imagery that will lead to the ability to build predictive
models that will provide robust ATR.

DESCRIPTION: There are several highly effective ATR algorithms that address detection, classification, and recognition
for SAR sensor imagery data, which exploit the scattering physics and sensor phenomenology. However, due to the
complexity of EO and IR sensor images and their variability due to atmospheric conditions, thermal history of the
objects, illumination, and the impact of other environmental and background factors, an operational adaptive ATR that
exploits the sensor phenomenology and target signatures is not available.

Ongoing research efforts are directed towards the characterization and optimization of EO and IR ATR systems in
general. This research program is specifically directed towards emerging needs within the Navy. In 2003 the Navy will
begin fielding and support the Shared Reconnaissance Pod (SHARP). SHARP features two sensors, one electro-optical
(EO) (operating wavelength 0.4-0.91Y) sensor and one Medium Wave (MW) (operating wavelength 3-5fY) infrared (IR)
imaging array. The EO imaging array consists of a 5040 x 5040 pixel array operating with a field of view (FOV) of 1.350
at high altitude ( approximately 45000 ft) or a 6.30 in medium altitude ( approximately 20000ft). The IR sensor consists
of'a 1968x1968 pixel focal plane array with a FOV of 2.270 at high altitude. The primary mission in which SHARP will
be employed is to detect, locate and identify high value stationary and moving targets including critical mobile missile
launchers in a variety of backgrounds and clutter condition.

It is expected that the output of these sensors will produce a data stream that overwhelms conventional ATR systems and
manual approaches based upon operator screening, leading to missed detections of targets if current technology is
applied. Image analysts (IA) are expected to monitor data streams produced by SHARP and use highly compressed
thumbnail images for target detection and recognition. An operating condition that is difficult at best and which becomes
prohibitive at the data rates produced by SHARP. An important future goal is to migrate the target detection and
recognition technique to the sensor platform directly, thus reducing large communication bandwidth requirements, and
potentially minimizing the timeline associated with time critical strike. Finally, ATR developments supporting the
SHARP sensor suite will provide a technology foundation for other larger imaging arrays currently in development for
DOD and civilian applications.

Present university and industry research continues to focus on common aspects of ATR ranging from performance
characterization, optimization, reducing dimensionality to the effect of training sample size on performance and training
sample size requirements. Considerable progress has been made to date but there is still a lack of a functional ATR for
EO/IR based sensors. More fundamental research is needed that focuses precisely on the ability to embed sensor
characteristics (phenomenology) into the ATR as has been done with SAR systems and to provide adaptation based upon
sensor performance. Considerable performance improvements of the EO/IR ATR system are expected with the ability to
incorporate sensor performance characteristics and adaptation into the processing algorithms. Furthermore, an
understanding of basic ATR elements and characterization and optimization of ATR performance using the
underpinnings developed under DOD sponsored research need to be continued and directed towards specific sensors.
This will lead to the ability to build predictive models that will ultimately produce a more robust ATR.

PHASE I: Develop a mathematical formulation of EO/IR ATR, which enables detection, characterization, optimization,
and adaptation of EO/IR in support of the SHARP mission. The formulation should be based upon an understanding of
basic ATR elements that include models of sensor performance, environmental effects, background variation, and target
signature of time critical targets using the operating parameters appropriate to the SHARP mission, and be flexibile
enough to support other systems.

PHASE II: Use actual fielded Government Off-The-Shelf (GOTS) hardware such as the Tactical Input Segment (TIS),
Precision Targeting Workstation (PTW), and/or a developmental system such as the PTW Advanced Concept
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Environment (PACE), to show feasibility, demonstrate, and validate the performance of the ATR methods that are to be
developed in Phase I. The specific goal is to define algorithm optimization requirements, overall performance
characterization, optimization, and tuning of the algorithms balanced against operational requirements (throughput,
timing, etc) in a fleet fielded system.

PHASE III: In this phase ATR algorithms and processors will be totally integrated into a workstation in full operational
condition.

COMMERCIAL POTENTIAL: This capability can be applied to the commercial market sector in a wide range of
applications that includes remote sensing, industrial machine vision, and medical imaging.

KEYWORDS: ATR, Automatic Target Recognition, ATR Performance, EO/IR Sensor

NO02-054 TITLE: High Depth-of-Field Panoramic Video Acquisition and Analysis of Dynamic Scenes

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

OBJECTIVE: Design and demonstrate a sensor for uniform, high resolution, high depth-of-field, imaging of dynamic
scenes, and develop techniques, algorithms, and software to exploit the resulting video for scene analysis.

DESCRIPTION: Standard video cameras acquire high-resolution and focused video for a small chosen volume of a
scene. The volume for which focused images are obtained has limited extent, both laterally and in depth. To image large
visual fields with large depth of field, imaging parameters, such as viewing direction and depth-of-field, need to be
varied. New sensors are needed to achieve maximal possible resolution globally while still allowing selective attention
through analysis and controlled information blurring. The desired sensors would exploit physical (real-time) processes to
achieve high visual acquity everywhere. Further, the sensors would be capable of estimating three-dimensional (3D)
scene layouts. The design should allow the overall dual functionality of high-fidelity panoramic video acquisition for
dynamic scenes and development of procedures for 3D analysis such as 3D visualization, 3D modeling and tracking.

Military applications of such a system include: battlefield visualization, remote manipulation in hazardous environments,
situational awareness, surveillance and monitoring.

PHASE I: Develop a design for an imaging system that captures images at video-rate, has a wide field-of-view and a
large depth-of-field, and provides depth estimates. Evaluate the feasibility of the design.

PHASE II: Develop the imaging system prototype. Develop techniques and software for scene analysis from acquired
imagery. Determine reliability and limitations of the imaging system.

PHASE III: Demonstrate producibility and develop commercial applications for the imaging system.

COMMERCIAL POTENTIAL: Monitoring and security, 3D object/scene modeling, Visual art, Movies production, and
Virtual environments.

KEYWORDS: Wide Field-Of-View, High Depth-Of-Field, Uniform Resolution, 3D Modeling, Video Camera

NO02-055 TITLE: Parallel Patterning for Ultra-Submicron Magnetoelectronic Devices

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop and demonstrate the capability to pattern magnetic multilayer structures below .05 micron feature
size using high throughput parallel processing techniques. Potential techniques include but are not limited to
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conventional DUV lithographic patterning of multilayers deposited on large wafers, novel dry-etch processing for
transition metal materials, direct deposition of multilayered materials into constrained nano-structures, and chemical-
mechanical polishing of magnetic materials.

DESCRIPTION: There is a critical need within DOD to develop high throughput techniques for fabricating magneto-
electronic devices at scales below 50 nm, in order to optimize the materials and structures for high density, low power-
consumption, radiation hardened, nonvolatile random access memory (RAM). Such nonvolatile memories are being
developed based on the perpendicular giant magnetoresistance (GMR) effect, and are required to meet the speed and
density requirements for future Navy electronic systems. Perpendicular transport through metallic multilayers requires
laterally confined structures less than .05 micron in size to achieve the necessary signal strength and electrical resistance
to be compatible with semiconductor electronics. Structures patterned from deposited multilayers must have smooth
sidewalls and minimal damage to the magnetic transition-metal layers, to allow smooth, reliable switching of the
magnetization. For direct deposition into confined structures, the magnetic layers must be uniform, flat, free of defects,
with smooth interfaces and good control of layer thicknesses, and with no deposition on the sidewalls.

PHASE I: Demonstrate parallel patterning of features less than .05 micron in a magnetic/non-magnetic/magnetic trilayer
structure. Result should exhibit close to full saturation magnetization, and separated individual magnetic layer switching
in a magnetic field.

PHASE II: Extend the parallel patterning technique developed in phase I to multilayers (more than 3 layers) of
thicknesses and material compositions suitable for GMR devices. The patterned structures should exhibit independent
layer switching, magnetoresistance effects greater that 15%, resistances on the order of one Ohm and current capabilities
of 107 Amp/cm2.

PHASE III: Transition will occur to a large scale manufacturer of random access memory via either commercial funding,
ONR Mantech, or advanced development funding. Partners may include microelectronics foundries, etc.

COMMERCIAL POTENTIAL: Non-volatile RAM may make it possible to eliminate hard disks (combine cache, RAM,
& HD) in a variety of computing applications, from personal computers, to personal digital assistants to cell phones. By
eliminating the need to refresh existing semiconductor memories, power requirements will be reduced and ruggedness
and reliability will be improved.

REFERENCES:
1. J.Zhu, Y. Zheng, and G. Prinz, J. Appl. Phys. 87, 6668 (2000).

KEYWORDS: Non-Volatile Memory, Submicron Lithography, Giant Magnetoresistance, Magnetic Multilayers,
Microelectronics, Electronics Processing

NO02-056 TITLE: Packaging and Thermal Management for kW/cm2 Microwave Amplifiers

TECHNOLOGY AREAS: Sensors, Electronics
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: Navy Theater Wide Ballistic Missile Defense

OBJECTIVE: Demonstrate practical and affordable techniques for packaging high power density (1 kW/cm2) wide
bandgap microwave power amplifiers.

DESCRIPTION: Wide bandgap semiconductor microwave amplifiers based in SiC and GaN are demonstrating record
performance in prototype devices and amplifiers. For example, a discrete GaN transistor grown on a SiC substrate has
demonstrated 50 W (pulsed) at 10 GHz in a die size of only 4 mm?2 for a power density for the die of 1 kW/cm2. Initial
reliability estimates, and the performance degradation with temperature, suggest that the transistor junction temperature
should be maintained at 150 C or below. This implies that the reliable insertion of this technology into DoD systems
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requires improvements in die and module level thermal management. In addition, any thermal management approach
must be consistent with the form factor of an active aperture array were each module must fit within a lambda/2 spacing

For this effort, 2 Cases should be considered for the wide bandgap amplifier: 1) an all SiC based 20 mm2 amplifier with
4 mil thick SiC with a room temperature thermal conductivity of 3 W/cmK, and 2) GaN-on-(4mil SiC) where the GaN is
1 um thick and has a thermal conducivity of ~2 W/cmK. Interest is in designs that support S- or X-band active aperture
arrays.

PHASE I: The contractor shall develop and perform detailed thermal modeling of a thermal management design approach
consistent with an X-band active aperture array employing a SiC or GaN-on-SiC amplifier technology that is dissipating
up to 6 W/mm of power per unit gate width and a total power dissipation density of 1 kW/cm2 with a junction
temperature ,,T 150 C. The design must address thermal expansion matching and be consist with conventional die attach
and rework techniques or develop new approaches to for same.

PHASE II: Demonstrate packaged wide bandgap amplifiers (source of amplifier will be coordinated with program office)
consistent with the items in Phase I. A manufacturing and cost model of the packaging technology must also be
established.

PHASE III: The contractor should be able to compete in the market place for the packaging of high power density wide
bandgap microwave amplifier for DoD and commercial market.

COMMERCIAL POTENTIAL: This work is expected to engender low-cost, wideband- tunable, low-distortion
amplifiers for wireless communications.

KEYWORDS: Microwave Packaging, High Power Density, Wide Bandgap

NO02-057 TITLE: All-Weather Landmark Identification, Correlation, Geolocation, and Inertial Measurement
Unit

TECHNOLOGY AREAS: Materials/Processes, Sensors

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PEO-Surface Strike (DD-21) PMS-529
NFCS — Naval Fires Control System

OBJECTIVE: The development of the Global Positioning System (GPS) by the DoD gave all of the Armed Services the
capability to develop new systems that could benefit from the knowledge of precise location. However, in future
conflicts, the capability of GPS will probably be eliminated, through either jamming or spoofing. Since the value of
precise geolocation is very well appreciated by all of the Services, an alternative to GPS is needed for future conflict
situations.

DESCRIPTION: This topic addresses the development and demonstration of the front end of a GPS-alternative system.
This topic addresses the ability of a UAV to determine its geolocation independent of GPS. Other parallel efforts will
address the technology required to harness the coordinated efforts of a number of UAVs possessing this capability to
provide precise navigational information to other air and surface vehicles.

At the present time, a precise atlas of landmark data all over the world is being prepared for the DoD. These data will
have an accuracy and resolution of about one meter and potentially could be used as an alternative to GPS for precise
positioning. In order for this new system to be of value to the Navy, the system must be capable of locating and
identifying these landmarks under nearly all weather conditions, be able to correlate their position with the landmark
database, and then use these data to update an on-board Inertial Measurement Unit (IMU) in the avionics module.

The all weather requirement at low cost is a major portion of the challenge for this Topic. The selection, test, and
evaluation of the most appropriate suite of commercial and developmental sensors is an essential portion of this effort.
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The sensor system must be capable of detecting geographic features in rain, fog, and clear weather, both day and night, to
a resolution of approximately 1 meter (at a range of 500 ft to 5000 ft), comparable to the resolution of landmark data.
The selection of sensors should be driven by the minimal suite of sensors that emphasizes very low cost of production in
the final design.

The system platform is to be a very small Unmanned Air Vehicle (UAV) flying from 5001t to 5000ft altitudes. The
overall final system must be limited to a maximum weight of 2 1bs. and use no more that 10 WDC power total. Passive
sensors for acquiring the landmark data are to be preferred and might include very low light level video, infrared FPA,
millimeter wave bolometer, or other such existing or developmental technology. The system will need to accurately
identify the landmarks from these sensor images, be able to correlate these data with the database information in real-time
(or near real time). The height above ground must be measured directly, and corrections for yaw, pitch, and roll of the
platform at the moment of image acquisition by the sensor(s) must be included. Finally, these data must be compared
with the current state of the IMU, checked for statistical reasonableness, and then if found to be acceptable, used to
update and reset the IMU. The overall goal is to relocate absolute vehicle coordinates to within better than 5 meters in all
three directions under nearly all weather situations 99.5% of all times. Final cost must be less than $2500/system in 1000
lot quantities.

PHASE I: Develop a proof of concept breadboard for a landmark identification and database correlation system that
would be expected to be very low cost in production. Evaluate the system design using several data streams acquired by
an air vehicle using the selected sensor package but processed on the ground. Validate the overall system using sensor
data streams from two novel locations. Perform an analysis of system performance and assess the accuracy of position
information to be expected under a variety of day/night weather conditions. Identify technologies limiting either
performance or production. Provide an analysis with supporting documentation that explains how final design will meet
or exceed cost, weight, size, power, and relocation accuracy objectives.

PHASE II: Design a brassboard version of the total system suitable for battlefield use (high EMI) and meeting weight,
volume, and power requirements. Demonstrate brassboard system performance in an air vehicle in several diverse
locations and environments. Compare system performance to an on-board, high accuracy GPS system. Provide a
statistical analysis of the system performance and identify major sources of error and identify environmental conditions
when poor performance might be expected. Measure system performance in a high EMI environment and adapt system
design to enable good performance in these situations. Provide an analysis with supporting documentation that explains
how final production design will meet or exceed cost, weight, size, power, and relocation accuracy objectives. Provide
five functional vehicle level units for test and evaluation.

PHASE III: Demonstrate production capability with the construction and delivery of 25 functional systems. Estimate
final cost of production.

KEYWORDS: GPS, Precision Location

NO02-058 TITLE: High Energy., Long Pulse Laser

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMS 473 - Advanced Integrated Electronic
Warfare System (AIEWS)

OBJECTIVE: Develop, demonstrate, and deliver a laboratory brassboard high energy, long pulse visible/near infrared
(vis/nir) laser that can be packaged for military and commercial platforms.

DESCRIPTION: Conventional high pulse energy vis/nir lasers available today offer pulse durations in the range <20 ns

(g-switched or modelocked) or >100 microseconds (free running). The pulse-widths of these lasers are either orders of
magnitude too short or too long for ship self-defense and some commercial applications which require pulse-widths on
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the order of 1 microsecond. Other challenges for this new laser technology include meeting compactness and ruggedness
requirements for military platforms. Specific laser requirements for this effort include:

*Pulse duration 0.5-10 microseconds at all wavelengths

*Pulse Energy and wavelengths:

>1 Joule in the 0.4 - 0.8 micrometer region (at least two lines, line separation >0.2 micrometer, 1 Joule/line if lines
generated sequentially,0.5 micrometer line undesirable), and

>(0.5 Joule at 1 micrometer, simultaneous emission (1 Joule desired)

*Repetition Rate: nominally 10 Hz (higher pulse frequency desired)

*Beam divergence: 0.5 mrad

State-of-the-art dye lasers generate the required pulse energy and pulse duration but laser (dye) handling and
compactness/ruggedness issues have to be addressed.

PHASE I: Investigate enabling technologies and component designs that are capable of providing multi-wavelength
outputs at high energy per pulse in the vis/nir band. Consider trade offs of diode pumping vs flashlamp, multi-heads vs
tunable sources, size, weight and cost and investigate the use of fiber delivery to provide a more flexible design. Use
trade-off study to provide detail prototype designs to guide the Phase II activity. Conduct proof of principle experiments.

PHASE II: Utilize the findings established in Phase I to develop, demonstrate, and deliver a laboratory brassboard that
meets performance specification outlined above. A design effort must demonstrate that the enabling technology/source
can be packaged in a small package (2 cu ft).

PHASE III: An anticipated AIEWS P31 around FY05 would require such sources for field applications. Also other
military, space and environmental applications such as long range differential absorption lidars, flash illumination,
require high energy sources in this spectral range. There are also medical applications that can utilize these types of
sources.

COMMERCIAL POTENTIAL: Many applications in medicine require short pulses to deliver significant energy
(hundreds of millijoules) in a sub-microsecond time frame while simultaneously being delivered endoscopically to the
site via a small fiber optic. Free-running lasers are not efficacious and Q-switched/modelocked lasers damage the fiber
optics. A laser delivering light in the 0.1-10 microsecond range would be commericalizable very early after its
development. Applications such as laser thrombolysis, glaucoma treatment, laser lithotripsy, and certain wavelength-
sensitive ablative procedures are based on a short laser pulse creating a rapid thermal disturbance and consequence
mechanical interaction with the tissue. If this laser technology were available in a robust, compact package it would have
significant economic and social impact. This laser would also be a viable source for a lidar system.

KEYWORDS: Laser, Visible, Near-Infrared, Dye Laser, Multi-Line, Long Pulse

NO02-059 TITLE: Innovative Sensor Technologies for In-Situ Air-Sea Sampling Under High Wind Conditions

TECHNOLOGY AREAS: Sensors, Battlespace

OBJECTIVE: Improve cost, survivability, and accuracy of in-situ oceanographic sensors to enable accurate, cost-
effective, measurements of environmental parameters under extreme (very high and very low) wind conditions. Of
particular importance is the development of sensors that can directly measure the momentum, heat, and moisture fluxes
including bubble and spray contributions under these conditions.

DESCRIPTION: Under high winds (20 to 60 m/s), environmental conditions within the wave boundary layer prevent use

of conventional in situ instrumentation. Applicable sensor technologies typically used in more benign conditions are
described in References (1) and (2). Current platform, buoy and autonomous vehicle technologies and sensors are
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inadequate for the highly turbulent environment in the ocean under high winds. In the atmosphere, these extremes include
stress and bending of instrumentation from wind and wave action, heavy salt deposition, heavy precipitation and/or sea
spray. Equipment is also generally inaccessible during high wind events making direct monitoring and maintenance of
sensors problematic. Innovative technologies are required for highly robust, reliable sensors which will be able to
accurately measure critical flux parameters under high wind conditions. Acceptable solutions include ruggedized versions
of proven instrumentation, local (non-space) remote sensors, or entirely new technologies. Instruments can be designed
for autonomous operations from any stationary or mobile platform or bouy and may be either air, sea or self-deployed.

PHASE I: The contractor will demonstrate the feasibility of the proposed sensor technology through design and/or proof-
of-concept demonstrations including description of parameter to be measured and instrument sensitivity. The contractor
is expected to build on this technology base and expand its capabilities to include high sea state conditions.

PHASE II: The contractor will design, construct, test, demonstrate and document a prototype of the new technology,
including performance specifications and estimated production cost. The contractor will interact with ONR in identifying
specific applications for tests and demonstrations.

PHASE III: Sensors are expected to transition to international ocean observing systems to support research, routine
monitoring of severe storms, and improve operational environmental prediction.

COMMERCIAL POTENTIAL: There is a large international research community supported by international government
agencies, the insurance industry and the petroleum industry interested in understanding, measuring and monitoring
extreme weather and ocean events.

REFERENCES:

1. Rapid Environmental Assessment, SACLANTCEN Conference Proceedings Series CP-44, E. Pouliquen, A.D.
Kirwan, Jr., and R.T. Pearson, eds., NATO SACLANT Undersea Research Center, La Spezia, Italy, 1997.

2. Coupled Boundary Layers and Air-Sea Interaction Workshop Report.
http://www.onr.navy.mil/oas/info/mm99/index.html

KEYWORDS: Oceanography, Instruments, Oceanic Flux Measurements, Environmental Sensing, High-Wind
Environments

NO02-060 TITLE: Compact, High Density Energy Storage Devices

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics

OBJECTIVE: Develop and demonstrate a compact, high density energy storage device that can be charged from a low
rate energy generation source over a period of time and rapidly discharged to provide energy for high power pulsed
applications or for short term demands for energy that are greater than that which could be provided by the low rate
energy generation source associated with the system. The storage device must be capable of unattended (autonomous)
operation for periods of up to several weeks, be capable of being packaged for mounting within a twenty-one inch
diameter shell, have low parasitic losses (hotel loads), and be cost efficient in comparison with alternative methods of
energy storage.

DESCRIPTION: The Navy has many applications that require high power inputs over short periods of time. Active sonar
pulses, burst speed power for surface and submerged vehicles, and power for countermeasure devices are a few of the
potential applications that may require this type of short duration, high pulsed power input. The continued development
of electric ships and vehicles is likely to generate further requirements and uses for such devices. Providing the power
directly from a prime source causes the source to be sized for the maximum requirements of the application even though
these requirements may only be applicable for short periods. This has a negative impact on the vehicle or device housing
the power source, causing it to be larger and more costly than is actually required to support the needs of the particular
application. A cost efficient, compact, high energy density power storage device would allow use of a smaller prime
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power source to meet system needs for short time duration, high power applications. The immediate current need is for
use in a deployable, long-endurance acoustic source. The present device makes use of high energy density capacitors to
meet these needs. However they are relatively bulky and heavy for the desired application. The energy storage device
must be capable of storing sufficient energy to enable discharges of at least 50 KW over a 10 second period while
maintaining voltage at a sufficient level to ensure that there is no significant degradation in the performance of
downstream electronics. The device must be capable of autonomous operation for at least 1500 cycles of 10 seconds each
over period of at least 30 days. Parasitic and other losses must be kept to an absolute minimum to assist in maximizing
the endurance of the device. Potential solutions include, but are not limited to, improved high energy density capacitors,
flywheel storage devices etc.

Typical contemporary flywheels use composite rotors with roller element bearings and spin at speeds of 20k - 50k rpm.
Flywheel systems with minimal containment housings (not man-rated) but including a vacuum system and power
conditioning electronics exhibit useable specific energy values of 1.5 - 5 Whr/kg and specific power that can exceed
1000 W/kg [1]. Theoretically, flywheel system specific energy values exceeding 50 Whr/kg are possible with current
composite material technology [1]. The primary current area of emphasis for improving the performance of flywheels is
the application of magnetic bearings in place of roller element bearings for supporting the rotor. Magnetic bearings
present the potential to operate at higher rotor speeds with lower frictional losses and with longer life [2]. The current
state of the art of ultracapacitor technology is close in performance to contemporary flywheel systems with regard to
specific power and slightly lower in terms of useable specific energy. Ultracapacitor cells that can be purchased today
advertise specific energy numbers of approximately 3 Whr/kg [3]. After including power conditioning electronics and
interconnects between cells, system specific energy values of 1 - 2.5 Whr/kg are quite feasible. One distinct advantage
that ultracapacitor systems have over current flywheels is a higher reliability due to the solid state nature of the
ultracapacitor energy storage medium. For the acoustic source program, current flywheel technology could support
mission energy storage requirements in a 20-inch long by 21-inch diameter shell section, albeit with unsatisfactory
reliability and life. The weight of a suitable flywheel system is projected to be approximately 220 Ib. The ultracapacitor
system, currently in use, has been packaged in a 28-inch length of 21-inch diameter shell and weighs 270 Ib. Although
larger and heavier than originally desired for the energy storage component, the ultracapacitor system has thus far
demonstrated excellent reliability and ease of operation.

PHASE I: Develop an alternative compact high energy density power storage device. Provide a detailed design and
analysis showing the potential performance of the proposed device. Provide a detailed estimate of the costs of producing
both prototype units and production units in quantities of 100. Conduct component/materials tests as needed to verify the
validity of the proposed concept.

PHASE II: Fabricate a full-scale energy storage device for use in a long endurance, deployable acoustic source. Conduct
laboratory tests to demonstrate and validate its performance including energy storage and discharge, unattended
operation, heat buildup and dissipation, and endurance. Upon successful laboratory demonstration provide a unit for
integration and test in an actual acoustic source unit. Update estimates of production costs.

PHASE III: Demonstrate production feasibility. Provide units for additional acoustic sources. Examine alternative
configurations for other Navy/Marine Corps applications. Construct and test additional prototype devices for alternative
applications.

COMMERCIAL POTENTIAL: Commercial applications for such devices currently include backup power source for
computer systems to bridge the period between commercial power outages and the availability of backup prime power.
Future applications include use in electric vehicles to provide energy for burst maneuvering speeds and other short
duration, high power needs.

REFERENCES:

1. M. E. Bowler, “Flywheel Energy Systems: Current Status and Future Prospects,” Magnetic Material Producers
Association Joint Users Conference, 22-23 September 1997.

2. J.D. Stienmier, S. C. Thielman, and B. C. Fabien, “Analysis and Control of a Flywheel Energy Storage System with
a Hybrid Magnetic Bearing,” Transactions of the ASME, Vol. 119, p 650 - 656, December 1997.
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3. “PC2500 Ultracapacitor,” PC2500 Product Information Data Sheet (2001), Power Cache (Maxwell Technologies),
9244 Balboa Avenue, San Diego, CA.

KEYWORDS: Power Source, Energy Storage, Capacitors, Flywheels, Batteries

N02-061 TITLE: Four Dimensional (4-D) Atmospheric Instrumentation

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop low-weight, low-power, and low-volume instruments/sensors/techniques to autonomously
measure atmospheric parameters.

DESCRIPTION: Innovative sensors and measurement techniques are solicited to obtain meteorological (METOC)
variables (e.g., physical, chemical, optical, geophysical) in 3-D space and time. The emphasis should be placed on (1)
novel approaches and concepts for measuring a particular parameter coherently in 4-D, (2) observations which can be
conducted as autonomously as possible (i.e. for independent operation on Remotely Piloted Aircraft (RPA), Autonomous
Underwater Vehicles (AUV’s), ships, buoys or with expendable instruments), (3) providing a significant reduction in
instrument weight, volume and power without reducing fidelity or resolution as compared to current state-of-the-art
devices, and (4) developing the next generation of low cost, potentially expendable instrumentation usable in both navy
operational scenarios as well as in S & T environmental data collection. Examples of some of the types of instruments
solicited include: instruments to measure aerosol properties, optical properties, the next generation of low cost METOC
expendable instrumentation, or the accurate measurement of temperature, humidity, winds, and wave properties near the
surface in extreme conditions. The term Expendable Instrumentation includes both one time usage as well as long time in
situ usage and the sensors should be affordable if expendability is required but reusable if not. Included are
instrumentation development efforts that would result in significant improvements in sensitivity or reliability and cost
savings for existing expendable instrumentation, or would develop new expendable capabilities for measurements
currently obtainable by other means (such as aerosol properties, scattering absorption and phase function, visibility, IR
extinction, etc.). All platform deployment scenarios are included and expendables can be launched, dropped, drift, etc.
Priority is given to devices that can lead to substantial improvements in ship self-defense, airstrike targeting and special
operations, through improved battle space environmental knowledge.

PHASE I: Provide both an exact description of the parameter to be measured including accuracy and sensitivity along
with the instrument design concept for achieving the measurement.

PHASE II: Produce a viable prototype system and demonstrate its ability to support field measurements from an
appropriate platform.

PHASE III: Transition the technology to scientific use in the atmospheric, oceanographic or environmental monitoring
research communities, and operational DOD systems.

COMMERCIAL POTENTIAL: New instruments can be used in a wide variety of commercial environmental monitoring
systems.

REFERENCES:

1. Rapid Environmental Assessment, SACLANTCEN Conference Proceedings Series CP-44, E. Pouliquen, A.D.
Kirwan, Jr., and R.T. Pearson, eds., NATO SACLANT Undersea Research Center, La Spezia, Italy, 1997.

2. Stankov, B.B., 1998, "Multisensor Retrieval of Atmospheric Properties," Bull. of the Amer. Met. Soc., Vol. 79, pp.
1835-1854.

3. Serafin, R.J. and Wilson, J.W., 2000, "Operational Weather Radar in the United States: Progress and Opportunity,"
Bull. of the Amer. Met. Soc., Vol. 81, pp. 501-518 (includes many additional references).

KEYWORDS: Meteorology, Oceanography, Instruments, Miniaturize, Automation, Expendable
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N02-062 TITLE: Ocean Data Telemetry Microsat Link

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: To perform the system design and development of a low-cost space borne constellation of microsatellites
to transmit commands and information and recover the stored oceanic and atmospheric data.

DESCRIPTION: Recent advances in telecommunications may be combined with new generations of low cost and light
weight microsatellite or nanosatellite platforms to develop a global over-ocean data relay constellation. There is an
international initiative underway to instrument the oceans with a variety of sensors on buoys, moorings, and in-situ floats
and autonomous underwater vehicles (AUV's). At present there is no cost effective high or moderate data rate means for
communicating with these sensors and collecting open ocean data in near real time. An architecture study is required to
define a constellation of low-cost, light weight and nearly autonomous satellites to allow moderate or high band width
communication with a variety of ocean sensing platforms. Some of these platforms will remain submerged for days or
weeks and come to the surface for brief periods to be commanded, transmit their data and receive new instructions. This
effort will involve the definition of requirements for satellite systems in coordination with ocean platform communication
and power requirements and land-based communication systems. Long duration semi-autonomous satellite operation is
needed. An innovative and cost effective means to provide individual satellites with power and thermal control, attitude
control, position information and the ability to receive and store data and uplink/downlink commands. A key element of
this effort is the selection of communication frequency since this will impact the size of antennas on both satellites and
ocean sensors and have important implications for power requirements and battery life of the in-situ ocean sensors. Daily
data throughput per ocean platform should exceed 50 kbits with transmit power below 0.1 Joule/bit. The challenge is to
deliver a pioneering yet low-cost hardware system with a reasonable lifetime (~3 years), compatible with very low uplink
power (0.5 watt or less) and existing ground receiving infrastructure. There are significant low-cost opportunities to
launch microsats into low earth orbit using excess capacity on Arianne and soon with the upcoming U. S. Evolved
Expendable Launch Vehicle (EELV) rockets.

PHASE I: Develop a feasibility concept of a coupled systems including a constellation of space-borne microsatellites,
compatible in ocean transmission/receiving systems and a land-based data collection center. Emphasis here is to be
placed on the microsatellite hardware system. Prepare a risk or cost-benefit analysis comparing the proposed designs with
systems currently in use.

PHASE II: Complete preliminary design of an overall satellite communication architecture including proposed
microsat/nanosat hardware and existing ground infrastructure. Develop detailed electrical and mechanical designs of
satellite systems to meet Phase I objectives. Fabricate and test prototype satellite hardware to include environmental
testing.

PHASE III: Fabricate, launch and test a prototype small satellite meeting the specifications defined in Phase I. Launch
services will be arranged independently and related costs should not be included in the contract. Develop a production
and implementation plan for the extension of the prototype with follow-on launches of the remaining satellites needed to
complete the constellation.

COMMERCIAL POTENTIAL: There is a significant commercial application for this system. The public and private
sector would likely employ such a system for a wide variety of autonomous remote monitoring applications involving
safety and warning systems at sea and ashore. Commercial fisheries, cruise ship operators and educators from K-12
through graduate level, et al would benefit from remote environmental sensor data. However, the fundamental user
remains the warfighter at sea; efficient employment of precise weapons systems depends on accurate, real time
environmental indices.

REFERENCES:
1. National Oceanographic Partnership Program Report "Toward a U.S. Plan for an Integrated, Sustained Ocean
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Observing System”, April 1999
2. National Oceanographic Partnership Program Ocean Research Advisory Panel Report "An Integrated Ocean
Observing System: A Strategy for Implementing the First Steps of a U.S. Plan", December 1999

KEYWORDS: Data, Communication, Sensors, Ocean, Atmosphere, Data Distribution

NO02-063 TITLE: Novel Methods for Real-time in situ Analysis of Lubricants, Coolants, Hydraulic Fluids, and
Fuels for Condition Based Maintenance

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IC: PEO Surface Strike DD-21 Program

OBJECTIVE: Design, develop, and demonstrate an inexpensive novel, integrated sensor-diagnostic package to monitor
the condition of fuels, lubricants, coolants or hydraulic fluids both in real-time as a device mounted on a fluid line or as a
bench-top tool. We will consider systems that employ sensors and sensing strategies that have not been used. Novel
spectroscopies, electrochemical methods, or other physical principles can be used. To the greatest extent possible, the
package developed should reflect the condition of the machine to which it is attached as well as the condition of the fluid
being monitored.

DESCRIPTION: Readiness, reliability, and the confidence that the equipment needed for any mission can complete the
job is an obvious priority of any military commander. Thus, any tool or system that can ensure mission capability is of
great interest. Over the past decade, it has become increasingly clear that the state of mechanical ‘health’ of a machine
can be substantially assessed through knowledge of the condition of the lubricating oil, coolant or hydraulic fluid. In
addition, low quality, old or sabotaged fuel can jeopardize a mission and must therefore be monitored. Wear particle
analysis has been a long-standing practice to gauge the condition of gears and bearings in machines. In recent years,
infrared spectroscopic analysis of lubricating oils and hydraulic fluids has been able to reveal not only the condition of
the base stock and additives, but also to allow inference of machine condition even in the absence of particle analysis.
There has also been considerable progress recently toward both the development of automated particle characterization
and counting and toward automated in situ infrared spectroscopic oil analysis. Encouraged by the successes of these
efforts, ONR is interested in pursuing additional development of sensors and associated (automated) analysis packages to
sharpen substantially our ability to detect machine faults well in advance of catastrophic failure. In particular, we are
interested in any chemical or physical technique based on the chemistry and physics of failure (to the extent these issues
are known) that can yield a reliable signal of detrimental change in mechanical health. Robust sensors that allow in situ
analysis of lubricants, hydraulic fluids and coolants, their additives, and, both soluble and suspended, wear debris may be
good candidates for development. While it is very important to know the state of the fluid, we also are particularly
interested in how the state of a lubricant, coolant, or hydraulic fluid reflects changes in the machine at points distant from
the site of analysis. If the degradation of components of an oil additive package, for example, can be specifically
connected with a wear condition or event, this information can be used in conjunction with existing condition based
monitoring (CBM) systems to build a more complete picture of the overall state of the machine and to estimate mission
completion (prognostics). While several groups are already actively developing infrared, Raman, and fluorescent
spectroscopic methods for oil analysis, novel approaches using these methods would be considered. Combinations of
techniques might also prove useful.

PHASE I: Identify the components of the fluid to be monitored and demonstrate a connection between changes in these
components and machine condition; this is not to be a literature search. Develop the sensing package and demonstrate its
capabilities--proof of concept. Any sensing capability should be able to detect changes or degradation of 10% or less of
the substance being monitored. Work at this stage should readily yield a “brass-board” prototype.

PHASE II: Target specific platforms on which the fluid monitors will be attached. Develop a prototype that can actually

be demonstrated on the target platform; the prototype should conform as closely as possible to a final dimension and
performance expected in a commercially available device. Determine operating limitations. Carry out extensive testing to
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provide monitoring baselines.

PHASE III: Seek commercial support. Refine the device/system to meet conditions for robustness and reliability.
Prepare the device/system for field testing and subsequent possible commercial production.

COMMERCIAL POTENTIAL: Condition based monitoring through lubricant, hydraulic fluid, and coolant sampling is
an active area of investigation as both light and heavy industries seek to produce maintenance-free products. Warranty
claims against automobile manufacturers, for example, are a substantial liability. Inexpensive, reliable condition
monitoring is an active area of research and development in the interest of bringing down these costs.

REFERENCES:

1. 1998 Technology Showcase: JOAP International Condition Monitoring Conference, Proceedings of a Joint
International Conference, 20-24 April 1998, Mobile, AL. G. R. Humphrey and R. W. Martin, eds.

2. 2000 Technology Showcase: JOAP International Condition Monitoring Conference, Proceedings of a Joint
International Conference, 3-6 April 2000, Mobile, AL. G. R. Humphrey, R. W. Martin and T. A. Yarborough, eds.

KEYWORDS: Oil Analysis, Lubricants, Hydraulic Fluids, Coolants, Fuels, Machine Condition, Condition Based
Maintenance

N02-064 TITLE: Advanced Energy Scavenging System for Condition-Based Maintenance

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To develop an intelligent miniature energy scavenging system for condition based maintenance
applications. Requirements of the candidate system are that it must be able to reconfigure itself so as to maximize energy
scavenging efficiency at all times and that it have energy storage capability. The unit should be powerful enough to
excite a small sensor (such as a strain sensor, a LED or a magnetic coil) and activate readout electronics and transmit data
(1 — 5 meters). Initial calculations suggest that the power requirement will be in the ImW — 10mW.

DESCRIPTION: Inspection requirements for Naval structures (ships, submarines and aircraft for the detection of cracks,
corrosion, and impact damage) and engine parts (for detection of cracks, oil condition, and temperature excursions) are
labor-intensive and therefore very expensive. As a result of today’s TOC-reduction initiatives, new inspection
methodologies are required that minimize the need for man-in-the-loop. Condition Based Maintenance by Continuous
Based Monitoring (CBM2) is one possible approach to solve this problem. This approach requires a network of various
types of sensors interconnected through a network to a CPU that performs diagnostic and prognostic functions.

Due to the requirement for the network to be retrofittable into existing platforms and also due to possible inaccessibility
to some critical areas in those platforms, it is desirable that the network operate in a wireless mode. As a result each
sensor in the network should be self-sufficient. Technologies are required that scavenge energy from the environment to
power each individual sensor in the network. Due to varying environmental conditions, operating conditions, system
types and other unforeseen changes the scavenging system has to be capable to reconfigure itself for optimum scavenging
efficiency.

PHASE I: During Phase I of the program the contractor will down-select one approach and demonstrate that it can
generate a minimum of SmW of DC power and store up to 5J of energy for a specific system application. The contractor
will also demonstrate how the sensor can optimize itself to varying external parameters (such as varying temperature,
vibration or other environmental variable). By the end of Phase I the contractor will provide a concept for producing
10mW system.

PHASE II: During Phase II the contractor will miniaturize the system to a foot print area smaller that 1 inch2 and height

smaller than 2 cm. The power and energy requirements will be increased to 5-10mW and 5-10J respectably. The
contractor will also demonstrate how the sensor can optimize itself to varying external parameters. The scavenging
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element has to be reliable enough to last at least the lifetime of the system that is being monitoring under the system's
typical operational conditions.

PHASE III: An energy scavenging system of this nature could be retrofitted to existing Navy systems or installed in
future Navy platform (such as ships, submarines, jet fighters, helicopters) which have structural components, engines,
transmission gear boxes and other components that require periodic inspections to ensure the lack of cracks, corrosion or
any other structural or engine problem. Significant cost savings could be achieved by the installation of this system by
performing maintenance at longer time intervals or only when the system indicates that it is required.

COMMERCIAL POTENTIAL: Commercial ship and aviation industries would benefit significantly from a system of
this nature as well. Widespread fatigue damage, corrosion and engine maintenance have been determined to be a major
source of problems for commercial ship and aviation systems.

REFERENCES:

1. Proceedings of the “First DoD/FAA/NASA conference on aging aircraft.” July 1997

2. S. Meninger, et. al., "Vibration-to-Electric Energy Conversion", ISPLED99, pp. 48-53.

3. R. Amirtharajah, and A. P. Chandrakasan, "Self-Powered Signal Processing Using Vibration-Based Power
Generation", IEEE Journal of Solid State Circuits, Vol. 33, No. 5, May 1998. pp. 687-695.

4. B. Williams, and R. B. Yates, "Analysis of a Micro-electric Generator for Microsystems", Transducers
'95/Eurosensors IX, 1995, pp. 369-372.

5. Shearwood and R. B. Yates, "Development of an Electromagnetic Microgenerator", Electronics Letters, August
1997.

6. H. Glosch, M. Ashauer, U. Pfeiffer, and W. Lang, "A thermoelectric converter for energy supply" Sensors and
Actuators 74, 1999, pp. 246-250.

KEYWORDS: Energy Scavenging, CBM, Sensors, Health Monitoring.

NO02-065 TITLE: Ultralight Periodic Cellular Metals for Marine Expeditionary Fighting Vehicles

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: MARCORP Systems Command: MEFFX

OBJECTIVE: Develop novel processing for structural metals offering greater than 75% weight reduction capability for
future highly mobile, survivable Marine Corps fighting vehicles. These metals must have high strength- and stiffness-to-
weight ratios, be inexpensive to fabricate in a variety of complex shapes, be joinable to other materials, and offer
excellent behavior in high corrosion environments.

DESCRIPTION: Future Marine fighting vehicles must be highly transportable, maneuverable, capable of operating in a
variety of harsh littoral and on-land environments, and must be deployable, employable, survivable and sustainable. In
order to extend operational reach to protect US forces throughout the littoral battlespace, such vehicles must be light
enough to be easily transportable and to enable the high maneuverability required to help maximize their survivability, as
well as to provide a different tier of mobility as compared with conventional vehicles. Consequently, new classes of
novel lightweight structural materials offering weight reductions greater than 75%, compared with current conventional
alloys, must be developed. Potential classes of metals, which would satisfy such weight reduction opportunities, as well
as potential for enhancing survivability from shock, blast, and by thermal signature reduction, include cellular metals
with periodic architectures. However, to be viable, inexpensive material/structure processing/manufacturing methods
must be developed. These methods must be flexible, to allow a variety of complex structures, inexpensive, and use
conventional fabrication machinery. Components and structures must be joinable to conventional components, as well as
having superior corrosion resistance.

PHASE I: Demonstrate metallic materials/structures capable of reducing the weight of vehicle structures by at least 75%.
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The architecture/microstructure of such materials/structures should be tunable for maximum mechanical property
advantages. Document mechanical properties.

PHASE II: Produce structural components similar to those likely to be used in future Marine fighting vehicles and
document mechanical performance. Generate vehicle/component design options using such materials/structures.

PHASE III: Demonstrate large-scale manufacturability and develop an implementation plan for production and
implementation into a Marine vehicle.

COMMERCIAL POTENTIAL: Commercial potential exists for light, fuel-efficient vehicles, jeeps, recreational off-road
vehicles, etc.

REFERENCES:

1. D.J. Sypeck & H.N.G. Wadley, J. Mat. Res., 16 #3, 890 (2001).

2. M.F. Ashby, A.G. Evans, N.A. Fleck, L.J. Gibson, J.W. Hutchinson & H.N.G. Wadley, "Metal Foams: A Design
Guide", Butterworth-Heinemann (2000).

KEYWORDS: Metals, Ultralight, Cellular, Periodic, Vehicles, Structures

N02-066 TITLE: Naval Device Applications of Relaxor Piezoelectric Single Crystals

TECHNOLOGY AREAS: Materials/Processes, Electronics

OBJECTIVE: Devise and fabricate practical devices for Navy and civilian applications that exploit the extraordinary
electromechanical properties (high coupling: 90-95 %; high strain: ~ 1 %) of single crystal relaxor piezoelectrics.

DESCRIPTION: Near the onset of 1997 came the discovery that single crystals of certain relaxor ferroelectric (lead
magnesium niobate — lead titanate, and lead zinc niobate — lead titanate) materials exhibit extraordinary piezoelectric
properties, namely, strains exceeding 1%, and electromechanical coupling exceeding 90% (compared to 0.1% and 70-75
%, respectively, in state-of-the-art piezoceramics). Concerted efforts to grow these materials in a variety of forms (bulk,
multilayer, fibers, thin films, etc.) now yield materials in quantities, and at a price, suitable for device prototyping. This
topic aims to exploit these enhanced electromechanical properties in practical devices. For example: in acoustic
transducers, the high coupling leads to higher bandwidth (doubled to two octaves or more), while the high strain leads to
higher source levels (more than an order of magnitude increase); actuators employing these materials are more efficient
and compact; and sensors are smaller and more sensitive. While this topic is open to a broad range of applications, the
proposed device should rely on the special properties of the relaxor piezocrystals. In describing the application, state
what property of these crystals is being exploited and why this is essential to the success of the proposed application. A
design—no matter how clever—that could be realized effectively with conventional materials is not responsive to the
intent of this topic. A Navy application specialist endorsing the importance of the enhanced performance in the proposed
device would be a big plus.

PHASE I:. Design and show the feasibility of a practical device exploiting high-strain, high-coupling relaxor
piezocrystals with a laboratory test.

PHASE II: Refine the design and show the performance enhancements of the proposed device with a brassboard
prototype in a laboratory or (if possible) field environment.

PHASE III: Demonstrate the cost-effective manufacturability of the targeted device structure in quantities appropriate to
defense and civilian markets.

COMMERCIAL POTENTIAL: Applications in the defense sector from Navy sonar, through Army rotorblade control, to
Air Force airfoil shape control—all have analogs in the civilian sector. Other applications will have their primary impact
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in the civilian arena, including medical ultrasonics, active machine tool control, and vibration suppression in HVAC
systems.

REFERENCES:

1. S.-E Park and T.R. Shrout, “Ultrahigh Strain and Piezoelectric Behavior in Relaxor based Ferroelectric Single
Crystals, “ J. Appl. Phys., 82[4], 1804-1881 (1997).

2. S.-E Park and T.R. Shrout, “ Characteristics of Relaxor-Based Piezoelectric Single Crystals for Ultrasonic
Transducers,” IEEE Trans. On Ultrasonic Ferroelectrics and Frequency Control, Vol. 44, No. 5, 1140-1147 (1997).

KEYWORDS: Electromechanical Sensors and Actuators, Vibration Control, SONAR, Piezoelectrics, Lead Magnesium
Niobate —Lead Titanate, and Lead Zinc Niobate-Lead Titanate.

N02-067 TITLE: Archival Knowledge for the Design, Manufacture and Visualization of a Set of Energetic
Devices

TECHNOLOGY AREAS: Information Systems, Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: PEO (W): PMA 201 - Conventional Strike Weapons

OBJECTIVE: Develop a methodology that allows designers to optimally, and in almost real time, configure, design and
visualize future small energetic devices with defined functional requirements and constraints. This methodology will be
based upon a database generated by synthesizing information acquired from engineering, design and manufacturing
information of a large class of existing devices.

DESCRIPTION: Currently several thousand, approximately 3100, different cartridge and propellant actuated devices
(CAD/PAD) are used in DoD. CADs and PADs release precise explosive or propellant energy to perform controlled
work functions in aircrew escape, fire suppression and operational and emergency release systems. Applications include
Deep Submergence Vehicles, missiles and unmanned aerial vehicles, but the majority are used in aircrew escape systems
or other safety-of flight applications. Being man-rated, they require a high degree of reliability.

Each of these devices has associated with it a specified set of functional requirements and a corresponding set of physical
constraints that it satisfies. Each CAD/PAD must fit a physical space, interface with other components (initiation lines,
seat/aircraft attachment points), and meet a variety of performance parameters (desired thrust-action time, G loading,
MDRC, input/output pressure, actuation force), over operational and storage temperature ranges, typically —65°F to
200°F, and altitudes. Associated with each device is a set of engineering drawings, some of which are in electronic form,
manufacturing and assembly procedures, performance (test) data, and cost. Many of these devices can be grouped into
families of devices based on such factors as amount and type of charge, physical size, method of ignition, and the like.
For instance, CAD/PAD can be grouped into one of two categories:

o CADS: Electrically initiated devices, explosive/gas/laser/mechanically actuated devices, delay-actuated devices,
linear explosive devices, and special applications.

e PADS: PAD items with a net explosive weight (NEW) less than 0.5 1b, PAD items with a NEW more than 0.5
Ib, and rocket catapults (ROCATS).

The aggregation of engineering design and manufacturing information represented by all of these devices is very large.
However, the vast majority of this information is fragmented and, for all practical purposes, inaccessible to the next team
that is to design the next device. Thus, new design teams tend to make decisions based on their intuition and individual
experiences. This can lead to increases in a new device’s development time and in a design that may be less than
‘optimal.” A new design approach includes new risks. During the recent design of a new PAD, a new propellant system
was proposed by the supplier and subsequently selected by the prime contractor. The design was fundamentally sound.
Unfortunately, there was insufficient experience with that system, eventually resulting in production difficulties. The
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prime contractor switched to a propellant system with which they had more experience.
Examples of design considerations for CAD/PAD groupings include:

o CAD/PAD: Form, fit, function, systems integration, reliability, producibility, material selection, proper firing
mechanism designs, electrical bridge wire/welding techniques, glass to metal seals, propellant
selection/stability, pressure/environmental seals, ballistic modeling, margins of safety, Hazards of
Electromagnetic Radiation to Ordnance (HERO)/Electrostatic Discharge (ESD) characteristics,
operating/storage temperatures, service live assignments, cost, rework capability, and DEMIL.

e Linear explosives: bend radius restrictions, explosive fill, shape, backing material (lead, tin, or copper), and
standoff distance (in system) to cut a specific material of “x” thickness.

e ROCATS: Given seat weight, pilot weight and Center of Gravity (CG) range, and G limits, calculate the most
desirable catapult-thrust combination.

e  Other PADS: Given thrust-action time, solve for motor basic design parameters (propellant, web geometry, and
nozzle throat), and propellant casting tooling design. Given seat weight, pilot weight and CG range, and G
limits, assure design is compatible with system limits.

e Itis proposed to develop a methodology to assist a design team of users of the devices to arrive at one or more
candidate device configurations after being informed of the new device’s functional requirements and its
physical and cost constraints. We envision a system whose reasoning is based on a synthesis or distillation of
the majority of these device designs done to date. The synthesized information then becomes the system’s
database. The system would then be able to quickly generate and evaluate a large number of possible
configurations taken from the database.

e  After the evaluation the system presents to the design team a set of feasible design alternatives. For example,
what propellant or pyrotechnic delay formulations are best suited to the physical envelope, performance
characteristics and temperature range. The presentation of the design alternatives might be in graphical form.
Some type of ranking scheme of the design alternatives is also desirable. In addition, the system should be able
to be continually and automatically updated after any new design is selected or created. Lastly, preliminary
engineering drawings of the selected design must be able to be directly created and displayed.

PHASE I: Develop methodology that would allow users to design future devices using a limited set of data distilled from
devices similar to existing cartridge and propellant actuated devices. Using a prototype example show how candidate
devices may be designed and visualized.

PHASE II: Generate a complete program using most of the data from existing cartridge and propellant actuated devices
to form the database. Incorporate the necessary design and manufacturing rules to extract new designs based upon new
functional requirements and constraints. The designer should be able to view and interactively modify designs in a virtual
environment.

PHASE III: Use the complete program and its databases to design a new device subject to functional requirements and
constraints defined in consultation with the tri-Service CAD/PAD office at Indian Head, Maryland.

COMMMERCIAL POTENTIAL: The methodology developed here can be used to generate design and manufacturing
rules for classes of devices that have a large amount of commonality. This is tantamount to creating a smart catalogue for
a family of different devices useful for upgrading or effecting new designs in the military and the commercial world.

KEYWORDS: Cartridge Actuated Devices (CAD), Propellant Actuated Devices (PAD), Engineering Drawings, Virtual
Environment

REFERENCES:
1. MIL-I-23659 "Initiators, Electrical, General Design Specifications for"
2. MIL-C-83125 "Cartridge for Cartridge Actuated/Propellant Actuated Devices, General Design Specification
for"
3. MIL-P-83126 "Propulsion Systems, Aircrew Escape, Design Specification for"
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4. NAVAIR 11-100-1.1 "Technical Manual for Cartridge and Propellant Actuated Devices"

NO02-068 TITLE: Miniature, Conformal, Waterproof Shear Stress Sensor Array

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PEO-SUB - Virginia and Seawolf Classes;
PMS 450; NAVSEA 93R; DD-21

OBJECTIVE: Develop and demonstrate a miniature, conformal, waterproof shear stress sensor array that: enables high-
sensitivity and high-resolution measurements; can be easily mounted on naval (submersible and surface platforms) and
marine vehicles; and is capable of operation in freshwater or saltwater at speeds up to 20 knots (34 ft/s) and at depths up
to 500 ft.

DESCRIPTION: The performance (powering and maneuvering) of naval and marine vehicles, including surface ships
and submersibles (submarines UUVs and torpedoes, is greatly influenced by the surface flow separation and drag. In
order to properly characterize and control these flow phenomena, we need to be able to measure shear stress accurately
and reliably. There are several methods of shear stress measurements in aerodynamic applications (thermal and optical),
but none of them can be used for naval and marine applications primarily because of a harsh operational environment in
water and at depth. Traditional thermal sensors (hot film or hot wire) and more recent optical sensors are too sensitive to
pressure and other parameters unique to water environment, such as fouling. Waterproofing is a major engineering issue
that need to be resolved for these sensors for marine applications. The need to determine separation regions for model-
scale vehicles requires that arrays (rings) of sensors be deployed at various axial locations along the vehicle. For
applications to submerged vehicles, all signal processing equipment for the sensor array will be required to be positioned
within the flooded vehicle; therefore, signal processing modules must be miniaturized, waterproofed, resistant to EMI
and have minimal power requirements. For separation region detection, a scheme using relative measurements from the
sensor array may allow the sensors to be operated uncalibrated. However, fundamental shear stress measurements will
also be required; therefore, the sensors must also be capable of calibration to measure shear stress magnitude and
direction. The sensor size (excluding processing electronics) must be no larger than 1 cm2. The sensors must be
calibrated and capable of point measurements of shear stress magnitude and direction. The sensors must be capable of
integration into an array for the simultaneous measurement of shear stress at many points. The surface ship and
underwater vehicles have curved surfaces. In particular, submerged vehicles (e.g. submarine, UUV, and torpedo) have
the typical shape of a prolate spheroid or circular cylindrical sections. Therefore, the sensors must be able to conform to
the curvature of the body and must not disturb the boundary layer. A methodology for the use of the sensor array to
determine separation points and lines and to determine drag must be developed. The initial goal is to deploy the sensors
on a free-running submarine model; this will require miniaturization of signal processing modules for each sensor.
Eventually, the sensors will be used for large- and full-scale surface ships, submarines, UUVs, and torpedoes. Both direct
(floating element) and indirect (optical, thermal, etc.) measurement techniques will be considered. However, priority will
be given to concepts that would deliver a compact power distribution system that will be effective and robust for sensors
at various depths in water with its concomitant higher (than air) Prandtl number. By deploying the system on a free-
running submarine model, the most challenging design requirements can be tested and validated. Support for Phase II
tests using the Naval Surface Warfare Center, Carderock Division NSWCCD) Radio Controlled Model (RCM) must be
provided by a non-SBIR government program; requirements for planning such support will be presented at the Phase I
kick-off meeting. The maximum instrumentation power consumption for their free-running model is 250 watts at 33-24
volts DC. The maximum size of the processing electronics (non-waterproofed) is 30” x 6” x 10”. The maximum weight is
100 pounds. The hulls are free flooding hulls made of '4” fiberglass — so the instruments will have to be waterproofed
from the sensor to the processing electronics -- funds for testing at NSWCCD must be provided from another (non-SBIR)
funding source. Transition to larger scale surface ships and submarine vehicles is anticipated as a result of a successful
demonstration.

PHASE I: Develop a miniaturized waterproofed sensor array (3 or 4 sensors) for operation in water and calibrate each
sensor by placing it in a known shear stress field, or by using an independent transducer (such as a Preston tube, etc).
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Demonstrate that the array can detect separation. Develop a plan for miniaturization of processing electronics.

PHASE II: Miniaturize the processing electronics and extend the sensor array. Demonstrate the integrated system on a
captive submarine model in quasi-steady conditions at speeds up to 5 kn (8.5 ft/s). Develop plans to transition the system
to a free-running submarine model.

PHASE III: Transition the system to a free running submarine model (the RCM) and demonstrate detection of separation
regions and measurement of shear stress at speeds up to 10 kn (17 ft/s), and to the LSV (Large Scale Vehicles), a large-
scale autonomous submarine model, at speeds up to 20 knots (34 ft/s) with depth up to 500 ft.

COMMERCIAL POTENTIAL: The design of marine vehicles relies on a knowledge of the normal and tangential forces
and moments exerted by the fluid on the vehicle during operation. The ability to measure shear stress simultaneously at
many points, and thus drag, and to detect separation regions on a maneuvering vehicle provides needed data for
comparison with computational fluid dynamics (CFD) analyses and for the development and assessment of current and
future designs. There is a large market for both military and commercial applications of the solicited system.

REFERENCES:

1. Nigon, Richard T., “Radio Controlled Model Capabilities For Submarine Maneuvering / Control and Fluid Research
On Free Running Vehicles,” CRDKNSWC-HD-0386-137, (February 1994).

2. Feldman, J., “Method of Performing Captive-Model Experiments to Predict the Stability and Control Characteristics
of Submarines,” CRDKNSWC-HD-0393-25 (June 1995).

KEYWORDS: Shear Stress, Frictional Drag, Sensor, Array, Flow Separation, Measurement

N02-069 TITLE: Simplified Analytical Procedure for Prediction of Fracture Damage in Composite Structures

TECHNOLOGY AREAS: Materials/Processes
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IC: PEO Surface Strike DD-21 Program

OBJECTIVE: Develop a personal computer based analysis method for determining the initiation of damage in composite
structural joints.

DESCRIPTION: The most critical and time consuming task of designing a composite structure is the detailed design and
analysis of the joints. The typical design process consists of performing a global finite element analysis of the entire
structure to obtain the forces induced at each joint location. This analysis is then followed by detailed finite element
analysis of each joint. Current commercially available finite element codes such as NASTRAN and ABAQUS are well
suited for the task of global analysis. They are also capable of the more complicated job of failure prediction of detailed
joint models. However, the development of the joint model and assessment of the results is often extremely time
consuming. One reason for this tediousness is that typical failure modes in standard composite joints involve either
disbonds or delaminations through the thickness of the laminated plate structure. The prediction of these types of failure
are more closely associated with the initiation and propagation of embedded cracks or flaws, than with in-plane stresses.
Typical finite element assessment of these cracks require a high mesh density to accurately model the laminae and/or
adhesive bond layers as well as some type of representation and monitoring of the crack size. These two features are what
make the finite element method time intensive. Analytical methods that bypass the extensive input required for detailed
finite element analyses are needed. These methods should result in a computer-based analytical solution that is
applicable to a wide range of structural joint configurations. The focus should be on interlaminar failures such as
debonds or delaminations. Two parameters used to assess the initiation or propagation of debonds or delaminations are
the strain energy release rate (SERR) and interlaminar stresses. The purpose of this solicitation is to identify, develop and
implement analyses methods into a generic computer program that can quickly, accurately and with a minimum amount
of input, determine the critical SERR and interlaminar stresses for a wide range of structural joint configurations.
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PHASE I: Develop and/or demonstrate a generic analytical methodology that is capable of predicting interlaminar
failures for a wide range of composite structural joint configurations.

PHASE II: Experimentally validate the analytical method developed in Phase I through a series of structural component
tests that are representative of potential Navy composite structures. Implement the analytical method into a personal
computer based software program.

PHASE III: Refine the computer program developed in Phase II to be useable by government or Industry engineers.
Develop a users guide for the program that covers all theory and includes numerous examples that are relevant to Navy
structures.

COMMERCIAL POTENTIAL: Composite structural analysis methods that have the capability to provide rapid analysis
and design iterations reduce the time and engineering expense required during the design, testing and life cycle structural
assessment of any design program. This includes current Navy ship design programs, as well as commercial programs in
the aerospace and marine industries.

REFERENCES:

1. E.A. Armanio and L.W. Rehfield, “Sublaminate Analysis of Interlaminar Fracture in Composites”, Journal of
Composites Technology and Research, Vol. 11, No. 4, Winter 1989, pp. 135-146.

2. S.N. Chatterjee, “Analysis of Test Specimens for Interlaminar Mode II Fracture Toughness, Part 1. Elastic
Laminates”, Journal of Composite Materials, Volume 25, May 1991, pp. 470-493.

3. Phillips, H.J., and Shenoi, R.A., “Damage Tolerance of Laminated Tee Joints in FRP Structures”, Composites Part A
- Applied Science and Manufacturing, Vol. 29, No. 4, pp. 465, 1998.

4. Williams, J.G., and Wang, Y., “Correction Factors for Mode II Interlaminar Toughness Tests”, International
Conference on Composite Materials, July 15-19, 1991, Honolulu, Hawaii.

5. Chen, W.H., and Lee, S.S., “Numerical and Experimental Failure Analysis of Composite Laminates with Bolted
Joints under Bending Loads”, Journal of Composite Materials, Vol. 29, No.1, pp.15 1995.

6. Camanho, P.P, and Matthews, F.L., “Delamination Onset in Mechanically Fastened Joints in Composite Laminates”,
Journal of Composite Materials, Vol.33, No.10, pp. 906-927, 1999.
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N02-070 TITLE: Methods for Monitoring Biodegradation of Pollutants in Estuarine Sediments

TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes

OBJECTIVE: To develop site characterization tools and methods for demonstrating natural attenuation or biological
degradation of organic pollutants in marine sediments.

DESCRIPTION: The Navy and DOD have numerous sites where contaminated sediments are present. Present treatment
strategies include dredging, capping, or in situ, natural attenuation. It is this last approach which may yield the most
cost-effective and operationally least disruptive approach for the Navy and DOD to comply with environmental
regulations. Academic research supported over the past several years by ONR and other agencies suggests that: (1)
microbial degradation of specific organic contaminants occurs in estuarine sediment samples and can be accelerated via
laboratory enrichment of the organisms present at a site; (2)chemical signatures of microbial degradation may be used as
"biomarkers" documenting these processes; and (3) sediment geochemistry and co-contaminants such as metals influence
the extent and rate of contaminant degradation by microorganisms. However, documenting natural attenuation of organic
contaminants such as 2-3 ring PAH's, selected PCB's, and fuel hydrocarbons as an approach that is protective of the
environment still faces significant challenges before regulatory acceptance. What is required is development of
appropriate bioanalytical tools which will aid in determining the site-specific efficacy (as well as limitations) of intrinsic
bioremediation as a alternative sediment management strategy. To achieve this goal it is necessary to establish that in
situ bacterial communities capable of metabolizing site contaminants are present, active, and their in situ biodegradation

Navy - 94



rate can be projected. Biodegradation rates would then need to be compared with rates of contaminant transport
(groundwater intrusion, sediment resuspension, contaminant burial, tidal effects) to form predictive models for natural
attenuation. Desired outcomes of this effort may be: improved fate and transport models that take into account the role of
biodegradation; development of gene-based sensors (for assessing the microbial community structure or presence of
specific genes linked to contaminant degradation) and/or methods for determining site-specific rates and predicted extent
of biotic/abiotic degradation.

PHASE I: Conduct lab-scale studies using contaminated estuarine sediments to develop and test methods for assessing
microbial degradation of organic contaminants (PAHs, PCBs or fuel hydrocarbons). Develop methods to (1) correlate
microbial presence to the observed degradation and (2) assess impact of grazers on bacterial activity.

PHASE II: Demonstrate in situ biodegradation of organic contaminants (PAHs, PCB's or fuel hydrocarbons) at an
estuarine field site. Develop and demonstrate utility of analytical methods using genetic and/or biochemical markers to
(1) assess site potential for biodegradation and (2) estimate rates of degradation in situ. Develop or expand existing
sediment contaminant fate and transport models to include biodegradative processes.

PHASE III: Demonstrate feasibility of site characterization tools for documenting biodegradation of organic pollutants in
marine sediments. Develop implementation plan for regulatory acceptance and approval. Participate in Naval Facilities
Engineering Services Center "Remedial Innovative Technologies Seminars" to inform Environmental
Restoration/Installation Restoration managers of new methodologies.

COMMERCIAL POTENTIAL: Current costs for characterizing, treating and monitoring Navy's contaminated sediments
is estimated at >$500M for 110 sites; nationwide estimates for non-military sites are comparable if not higher. EPA
estimates (1998) that fully 10% of the nations sediments are contaminated (1.2B yd3) and have identified 96 watersheds
where contamination is significant enough to require management (dredging, capping). Navy (and other DOD), as well as
industrial siteowners contract with private environmental contractor firms to collect site data, perform cost-benefit
analyses of available treatment scenarios, negotiate with regulators, and perform monitoring of contaminated sediments.

REFERENCES:
1. Draft Review of EPA's Natural Attenuation Program, available at http://www.epa.gov/sab/eec00abc.pdf
2. EPA's Contaminated Sediment Management Strategy, USEPA, Office of Water, EPA-823-F-98-001, 4/98

KEYWORDS: Biodegradation, Polluted Sediments, Polycyclic Aromatic Hydrocarbons, Polychlorinated Biphenyls,
Hydrocarbons, Estuarine Systems.

N02-071 TITLE: Biology-Inspired Propulsion

TECHNOLOGY AREAS: Materials/Processes, Weapons

OBJECTIVE: A small to intermediate scale implementation of recently discovered unsteady lift enhancement
mechanisms of small flying insects in to a tactical scale vehicle propulsor is desired to determine the feasibility of a
lowering of rotational speed while maintaining thrust, as well as a net reduction of radiated noise after accounting for any
penalty, any Reynolds number effects and robustness during vehicle life.

DESCRIPTION: According to conventional steady state aerodynamics, small insects like fruit fly should not be able to
fly. Yet they do. Recently, biologists in Cambridge (UK) and UC Berkeley have discovered that, such insects resort to
three additional unsteady lift enhancement mechanisms: delayed stall, rotational lift and wake capture. Out of these,
delay of stall due to a leading edge vortex, and the resulting feasibility of highly loaded blades due to their very high
angles of attack, is the most likely candidate for transition into existing engineering products. With advances in materials,
control and computational technologies, it is desirable to know if this time-dependent mechanism can be incorporated
into propulsor blade design to enhance the lift they generate. A payoft of such enhancement would be that the same thrust
would be generated at a lower rotational speed (RPM). Such a reduction of RPM could lead to an important reduction of
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radiated noise. It is also desirable to know what Reynolds number effects are involved in the generation and retention of a
leading edge vortex for lift enhancement. While some aircraft designs having delta or canard wings use leading edge
vortex very effectively for lift enhancement and the lift force theories are well known, the bridging of the wide Reynolds
number range with small insects and application in water, need convincing demonstration. It is also necessary to
demonstrate that the radiated noise penalty due to the generation of unsteady vortices, if any, still leaves a net benefit in
quietness. Broadly speaking, the lift enhancement mechanisms need to be incorporated onto existing propulsors with
minimal overall changes. Propulsor design tools need to be modified to account for unsteady mechanisms. Hydrodynamic
and acoustic computational and experimental approaches are needed to develop a knowledge base for design.

PHASE I: Demonstrate via computational and experimental approaches on a small simple propulsor configuration that a
leading-edge vortex can be generated and retained on a blade, resulting in enhanced lift. Work with reasonably practical
advance ratio. A low Reynolds number initial effort is acceptable. Net changes in radiated noise would have to be
estimated. Estimates from structural analysis of noise reduction, stemming from vibration reduction due to a RPM
reduction, are also desirable.

PHASEII: Select a practical propulsor configuration for concept demonstration in water tunnel and anechoic chamber.
Carry out computational design. Fabricate propulsor and carry out hydrodynamic thrust, drag and radiated noise
measurements. Generate knowledge base for scaled-up design.

PHASE III: Conduct Weapons Analysis to determine the effect of noise reduction on torpedo homing effectiveness.
Fleet demonstration of retrofitted torpedoes is also envisioned. Both Navy and commercial/industrial sectors are expected
to be interested in this technology, if demonstrated, because of the military value of silencing and also the general
consumer interest in quieting, and wear and tear reduction due to lower RPM. The generic nature of the technology and
the wide prevalence of liquid pumps requiring quieting points to a wide Navy and industrial market.

COMMERCIAL POTENTIAL: Commercial and recreational boat propulsors and any industrial liquid pump would be
the initial target for the application of Bioprop quieting technology. Larger scale vehicles would benefit if the technology
is extendable to larger props and higher Reynolds numbers.

REFERENCES:

1. Ellington, C. P. 1984 Philosophical Transactions of the Royal Society of London Series B, Vol. 305, pp. 79-113.

2. Dickinson, M. H., Lehmann, F. & Sane, S. P. 1999 Science, Vol. 284, pp. 1954-1960.

3. Bandyopadhyay, P. R. 2001Stability & Maneuverability, Annual Meeting of the Society of Integrative and
Comparative Biology, 3-7 Jan. 2001, Chicago, IL, pp. 1-11.
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N02-072 TITLE: Legacy System Integrated Multimodal User Interface

TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Develop and demonstrate multimodal decision support technology (speech, touch-enabled displays,
gesture, map interactions) that is compatible with legacy paper-based systems. Employ existing tools such as Quickset
and Rasa to collect performance data and develop metrics for digitally supported command and control decision making.
Document reduced workload, manning, training required and improved effectiveness as a result of multimodal digital
support. Demonstrate joint digital/paper-based system operation during product transition.

DESCRIPTION: A significant problem with the introduction of digital decision support systems and new technology in
general is lack of trust in the performance of the new system. Experienced operators of systems, particularly during
times of stress or short reaction time, often fall back to the use of legacy systems. This effort proposes the technology to
allow both systems to work in parallel during a transition period in order to ease the transition and build trust in the new
system. The proposed digital support systems will use natural operator interface methods such as speech, gesture,
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sketching and coordination over map surfaces to aid the transition of non-computerized command and control
environments to digital interfaces. This parallel processing-based transition will be based on DARPA developed tools
Rasa and Quickset.

Rasa is a computer augmented environment for military command and control. Rasa augments the commander's primary
tools for commanding ground forces, a paper map, pen, and post-it notes.

Officers choose paper tools for a variety of reasons:

* It has extremely high resolution compared to computer displays.

* It is malleable--it can be written on, cut in half, and thrown away.

* It is lightweight.

* It is portable and can be folded up and carried away.

* Finally, it is immune to the kinds of failures typically associated with computing systems.

With Rasa, users employ familiar tools and procedures, which in turn create automatic couplings between the physical
objects (post-it notes and maps) and their counterparts in the digital world, allowing the users to manipulate their chosen
paper artifacts, and consequently control digital objects in their chosen command and control systems.

QuickSet is an agent-based, wireless, collaborative, multimodal system that enables multiple users to create and control
military simulations. Using speech and gesture, users position entities and give them behavior. QuickSet scales from
wearable to wall-sized (e.g., LiveBoard) implementations, and has been used for large scale exercise initialization and
logistics planning.

PHASE I: Identify an operations-based experimental environment and design a data-collection experiment. Collect
speech, gesture and other interface data. Provide a report to assess compatibility with existing digital delivery systems
(GCCS). Assess the feasibility of integration with legacy system.

PHASE II: Develop a concept of operation for demonstration of the proposed multimodal capability. Evaluate
supporting hardware to include handheld, wearable, portable and wall map surface devices. Test multimodal capability
in various environments and tempos. Collect data on workload, training requirements and effectiveness of system
operation.

PHASE III: Deliver prototype multimodal system to include associated hardware, legacy systems integration software
and training plan to implement system.

COMMERCIAL POTENTIAL: Similar resistance to transition to digital systems exists in many commercial and
industrial situations. This product could also provide improved efficiency with reduced manpower and training.

REFERENCES:

1. Multimodal Interaction for Distributed Applications, Proceedings of the Fifth ACM International Multimedia
Conference, 1997. Cohen, P.R., Johnson, M, McGee, D.

2. Is Paper Safer? The Role of Flight Strips in Traffic Control, Mackay, W.E., ACM Transactions on Human
Computer Interaction, 1999.
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N02-073 TITLE: Mast-mounted In-Port Video Surveillance System

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace
OBJECTIVE: Enable improved force protection through passive, vision-based omni-directional detection, identification

and tracking of pier-side vehicles and personnel as well as small craft operating in and around the operating vicinity of
ships in-port.
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DESCRIPTION: The Cole incident highlighted the need for robust force protection while operating in foreign high traffic
harbor and port areas. Of particular interest are passive systems for improving the situational awareness of ship’s
personnel during in-port and harbor watch operations. During these operations, small craft traffic poses a significant risk.
Land-based surveillance systems are usually not available or unreliable and active surveillance, such as radar and
airborne sensing, would be considered intrusive. Watchstanders require a continuous, omni-directional surveillance
capability to maintain optimum situational awareness. The desired system would detect, identify and localize small craft
in relation to the ship. Accurate mapping and tracking to the ship’s location on a contact grid combined with real-time
image-based threat assessment would greatly improve force protection. Current technology such as multiple pan-tilt-
zoom cameras tied into a multiple monitor display console are not robust enough for a maritime environment and would
entail very sophisticated multiple camera views to provide continuous 360-degree coverage. Recent advances in optics,
video technology and machine vision has enabled 360 degree cameras, and vision-based target tracking, that could utilize
a single high resolution mast-based viewpoint. However, these systems need to achieve robust contact tracking within
the visual clutter and obscuration of harbor traffic. Also, since such single viewpoint, 360-degree systems cover a wide
area, achieving sufficient resolution in un-warped video images for identification and threat assessment is necessary.
Threat identification is a key capability, and vision based recognition offers the kind of high fidelity easily understood
information that Watchstanders require. Fusion with other sensing modalities (eg. passive acoustics) also needs to be
examined. To minimize the footprint and cost of such a system, use of a single mast-mounted camera would provide the
optimal viewpoint. The capability of visualizing (and tracking) persons in open craft at closer ranges and on docks could
also be accomplished with such a system and would help identify and characterize possible threats.

PHASE I: Characterize the vision problem (resolution, ship motion, wave clutter, target range for a mast-mounted, ship
borne EO/IR sensor monitoring system). Identify robust tracking approaches for video imagery of small craft and pier-
side personnel and vehicles. Assess the feasibility of super-resolution in a single viewpoint, 360-degree camera imagery.
Develop a strategy for identification of threat from imagery or fusion with other information (for example, acoustic or
wave signature). Propose a panoramic video system with specific hardware and software components.

PHASE II: Develop a prototype system, and test on an in-port vessel. Validate the detection and tracking capability for
small craft, with ground truth provided by GPS equipped target craft.

PHASE III: Design interface for providing information to ship Watchstanders. Possible solutions include placement of
contacts on a 2D grid in relation to vessel. Integrate panoramic EO/IR imagery information with surface combatant
contact management and targeting systems. Production engineering of system for installation on surface ships in
conjunction with an OEM. Customers include PMS 440, NAVSEA 53 and NAVSEA 765.

COMMERCIAL POTENTIAL: The commercial potential is in the large security and surveillance industry (facility
protection), in law enforcement, and in commercial port operations.

REFERENCES:

1. Proceedings: 1998 DARPA Image Understanding Workshop, Nov 20-23, Monterey, CA. Morgan Kaufmann Pub.,
ISBN: 1-55860-583-5.

2. 2000 Proceedings of the International Conference on Computer Vision.

KEYWORDS: Ship Protection, Video Surveillance, Panoramic Vision, EO/IR, Target Tracking; Motion Analysis

N02-074 TITLE: Conversion of Supercritical Air Self-contained Breathing Apparatus (SCBA) for Diving
Applications

TECHNOLOGY AREAS: Biomedical

OBJECTIVE: Diving in contaminated water is a risk to the health of divers in both war and peacetime. The wearing of
chemical/biological protective garments causes heat retention that can seriously impair the performance and safety of
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divers. The objective of this research program is to modify an existing cryogenic self-contained, positive pressure
breathing apparatus, integrated with a whole body cooling system, for use in diving. This system, currently designed for
use in air, can potentially obviate the severe thermal insult to Navy and Marine divers in hot, contaminated waters.

DESCRIPTION: The novel feature of the system is its use of supercritical air to power a positive pressure breathing gas
supply integrated with a whole body cooling system. The use of air in a supercritical state obviates problems of oxygen
enrichment common to liquid air systems, and provides position independence since the coolant/gas supply is a single-
phase fluid. The technology has been demonstrated to both NASA and the U.S. Navy, and units based on the technology
have been informally dived by NASA. This work will adapt the unit to diving, and ensure the unit remains responsive to
the metabolic requirements of a diver under high heat load diving conditions.

PHASE I: Conduct engineering analyses to determine the impact of seawater compatible materials on heat transfer and
overall system performance. Assess through physiological and engineering analyses the impact of heat loads from
ambient water on the unit’s ability to respond to heat generated by a diver in response to metabolic demands. Assess heat
exchange characteristics and overall system performance under the elevated pressure and gas density conditions
encountered in diving.

PHASE II: Make material and insulation changes to the system and test the reliability of the previous engineering
analyses under warm water (up to 105° F) in unmanned, 1 ATM laboratory conditions. Verify salt-water tolerance of the
unit through salt water immersion testing.

PHASE III: Pressure testing during manned diving in seawater at the Naval Experimental Diving Unit as a verification of
the appropriateness of design and material changes.

COMMERCIAL POTENTIAL: Commercial divers have the same requirements to dive in hot contaminated
environments, as does the U.S. Navy. The ability to keep a diver safely and effectively on the job is a bottom line
concern for the commercial diving industry.

REFERENCES:

1. Gier, H. Self contained, cryogenic mixed gas single-phase storage and delivery system and method for body cooling,
gas conditioning and utilization. U.S. Patent no. 5,709,203, Jan. 20, 1998.

2. Gier, H., RL Jetley, Conditioning and loading apparatus for gas storage at cryogenic temperature and supercritical
pressure. U.S. Patent no. 5,582,016, Dec 10, 1996.

3. Gier, H. Self contained, cryogenic mixed gas single-phase storage and delivery. U.S. Patent no. 6,089,226, Jul 18,
2000.

4. Doerr, D. Breathing apparatus stores cold supercritical air, disadvantages of liquid air packs are overcome. NASA
Tech Briefs, 1999, 23:57-58.
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Cooling

NO02-075 TITLE: Advanced Ship Motion and Air Wake Sensing and Prediction

TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop state of the art algorithms that include wind and ocean effects to predict ship motion while also
using advanced sensors to gather atmospheric and sea condition data to validate the algorithms.

DESCRIPTION: The task of safely and expeditiously recovering aircraft aboard aircraft carriers and other air capable
ships is complicated by two main environmental factors: ship motion and air wake. The pitch, roll and heave

of the ship contribute to missed arrestments (bolters) and hard landings and negatively affects both fixed wing and
helicopter recoveries. On carriers, ship motion also causes the hook to ramp clearance and hook touchdown dispersion to
vary to unsafe levels in higher sea states.
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Ship motion has long been a goal of the US navy to promote a wider range of safe ship and aircraft operations. Efforts in
the past have resulted in limited successes due to incomplete test data sets and the lack of the algorithms that consider up
to 6 degrees of freedom. Neural Networks, Kalman filters and Fourier transforms that used up to 2 degrees of freedom
have been used in the past to try and determine the dominant frequency and amplitudes of the ship motion with little
success. Ship motion prediction studies in the past have used ship's gyroscopes as the primary data. This topic seeks to
investigate the feasibility of acquiring other data to improve the prediction performance, such as wave heights/periods
and undersea currents in front of the ship, and ambient wind speed and direction and whether that data can be effectively
used for more accurate prediction and for a longer time period into the future. A time period of 6-15 seconds is required
for the ship motion forecasting to be of use, with a 20-40 second goal for lull prediction. This study should investigate
the upper bound on the prediction time and include motion forecasting and lull predictions methodologies that should be
studied and applied with an emphasis on zero crossing errors instead of peak-to-peak errors. Other issues should include
the effects of the coupling of energy between the multiple degrees of freedom and the non-homogeneous weight
distribution of the ship.

A system that predicts ship motion could be used to adjust the aircraft's glideslope through inputs to the automatic carrier
landing system or visual cues to the pilot, or determine lull periods for helicopter operations. This data will result in
improved boarding rates (which contribute to improved sortie rate), improved landing gear life, and improved operational
safety.

PHASE I: Conduct a feasibility study on ship motion prediction. Investigate various algorithmic approaches for
prediction, perform a trade-off analysis, and determine optimum approach. Identify the atmospheric and wave/sea
condition data that are important. Identify sensors, either off-the-shelf or requiring development, to gather the data.
Determine functional requirements, including a requirement for prediction time into the future. Demonstrate chosen
algorithm on simulated data.

PHASE II: Develop and demonstrate a system for ship motion prediction aboard an air capable ship. System should
include the appropriate sensors for data collection.

PHASE III: Produce a system for installation aboard aircraft carriers and air capable ships. Integrate into automated
landing systems and visual landing aids that operate on the ships.

COMMERCIAL POTENTIAL: A ship motion prediction system could have application for commercial vessels with
active rudder control.

REFERENCE:
1. Systems Technology, Inc., Technical Report 1321-1 Entitled “Advanced Ship Motion Forecasting for Expanded
Aviation Operations” May 28, 1996.

KEYWORDS: Ship Motion, Air Wake, Prediction Algorithms, Advanced Sensors

N02-076 TITLE: Synthesis of Polyacetylene Curing Agents

TECHNOLOGY AREAS: Materials/Processes, Weapons

OBIJECTIVE: Synthesize, characterize, and scale-up sufficient quantities of reactive di- and triacetylenes to elucidate the
structure activity relationships of these compounds with the mechanical properties of oligomeric azides cured into
polymers by the formation of triazole linkages.

DESCRIPTION: Cast-curable oligomers, which include most of the binder materials used for propellants and

explosives, are typically cured into rubbery materials by the reaction of a di- or polyisocyanate with the hydroxyl groups
at the end of the oligomeric chains. This reaction allows the mixing of energetic oxidizers, fuels and other solid filler
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materials into a castable mixture without the evolution of water or gaseous byproducts and the solidification of the
mixture into the shape of choice with sufficient structural properties to survive combustion processes. The facility of the
reaction, its absence of byproducts, and the vast array of chemical structures available in both the hydroxy-terminated
binder material and the di- and polyisocyanate curing agents, ensure that a combination of oligomer and curative can
easily be found that will impart satisfactory mechanical properties to the binder. The ceaseless search for higher
performance in explosives and propellants has necessitated the investigation of new energetic ingredients whose
chemistry is inimical to the urethane cure reaction. An effort has begun to explore the curing of azido-terminated
oligomers with di- or polyacetylenes to form triazole rings linking the oligomers into a polymer network as a means of
finding a more robust polymer cure mechanism which is not sensitive to the reactivity of these new energetic ingredients.
Thus far, it has been shown that this cure, like the isocyanate/hydroxyl reaction, is facile, evolves no water or gaseous
byproducts, and proceeds in the presence of energetic compounds, which absolutely prevent the curing of
isocyanate/hydroxyl binder mixtures. The problem here is a lack of understanding of the structure activity relationships
between various oligomers and acetyleneic cross-linking agents. Moreover, there is an insufficient supply of the
necessary di- and polyacetylenic compounds to thoroughly evaluate this cure mechanism and to optimize the mechanical
properties of the resultant polymeric material. At a 0.5% to 2% level in a 500-gm propellant mix, this reaction can
consume up to 10-gm of acetylenic curative. At this point, such materials have been synthesized only on the gram scale
in the laboratory. Synthesis of scaled-up quantities of such polyacetylenes (100 to 450-gm scale) and the preparation of a
variety of such structures are needed to optimize the mechanical properties of propellant mixtures curable by the triazole
cure reaction.

The following four compounds, 1,4-(dicyanodietheyl)bezene (1) dipropargyl terephthalate (2) tripropargyl mesitylate (3)
dodecane-2,11-dione-1,12-dipropiolate (4) which can be used to cure, crosslink, and tailor the mechanical properties of
triazole-cured azido prepolymers are required. The syntheses of these sample materials was completed at China Lake or
in the chemical literature, and should be easily scaled, improved upon, and optimized. Having 100 to 450-gm batches of
each of these compounds will allow mechanical property optimization of this new binder cure so that the binder may be
fully competitive with urethane counterparts.

PHASEI: Synthesis, characterization and scale-up synthesis reactions for compounds 1-4. All except 1 are esterification
reactions, while 1 uses a phosphine reagent.

PHASE II: Undertake process research and development studies to production quantities. Explore scope and limitations
for this family of curatives and produce new compounds in quantity sufficient for propellant formulation evaluation.

PHASE III: Demonstrate producibility and develop an implementation plan for new production and replace via attrition
of in-service tactical rocket motors. Work with existing propellant manufactures to transition new technology through
patented position.

COMMERCIAL POTENTIAL: Traditional hydroxy-terminated conventional rubber properties can be accomplished if
the hydroxy end-groups were substituted with azide moieties allowing for the formation of a triazole linkage. This would
render unnecessary the use of the relatively toxic isocyanate compounds that are currently used as curatives and lower the
hazards involved during polymer fabrication. The resultant triazole-cured rubbers should prove more robust in their
response to aging, ultraviolet light and temperature conditions. The urethane/isocyanate cure market is in the hundreds of
millions of pounds per year. This represents a significant potential market.

KEYWORDS: Propellant, Binder, Polymerization

N02-077 TITLE: Elevation Data Generation using UAV Imagery

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: To research and develop a feasibility concept for automated techniques that use high spatial resolution
stereo Unmanned Aerial Vehicle (UAV) imagery to improve the resolution/accuracy of digital elevation data generated

Navy - 101



from lower resolution/accuracy imagery sources.

DESCRIPTION: The ability to generate accurate digital elevation models (DEM) has been an area of interest to users for
years. Presently, there are existing technologies capable of nominally producing these data sets to various levels of
accuracy as defined under DEM product specifications. Emerging requirements, however, call for increasingly higher
levels of DEM posting accuracy supporting, among others, targeting, mission planning, and collection management
applications. This desire for more elevation detail poses a variety of challenges in that neither spaceborne data sources
nor existing softcopy photogrammetric solutions have proven sufficiently robust in producing such improved DEMs
reliably.

In considering alternative imagery sources, future UAVs will likely have absolute positioning capabilities of 10 cm and
sensor pointing accuracy of 100 milliradians or less. When this positioning accuracy is coupled with the inherent high
spatial resolution and multiple views the generation of highly accurate DEM patches should be feasible. To be generally
useful, these detailed patches must be merged with, and used to improve, broader area DEMs generated from more
traditional sources. In addition, the whole process must be highly automated and include accuracy estimates at each
elevation posting position.

Thus, there is a need to investigate these alternative UAV imagery sources as compliments to existing spaceborne sensors
for DEM generation, supporting the military applications mentioned above. Given the dynamics of UAV imagery,
however, this will also require research of improved softcopy DEM generation capabilities that can utilize the strengths
of both the spaceborne and UAV imagery sets jointly.

PHASE I: Research and develop an enhanced DEM generation software approach that will exploit accurate position and
pointing information together using two or more images. Evaluate this technology in the context of high-resolution DEM
generation to support military applications using spaceborne imagery together with multiple airborne (UAV or manned
aircraft) images.

PHASE II: Prototype a software system that provides improved capabilities in DEM generation by using both airborne
(UAV or manned aircraft) and spaceborne imagery sources.

PHASE III: Develop a complete software package including user documentation for use of the DEM generation system
as a stand-alone application or as an embedded application within larger systems.

COMMERCIAL POTENTIAL: This software could be used by state and local agencies as well as the private sector for
generation of high-resolution elevation data for variety of geo-spatial applications such as surveying, earth-resource
management, planning, and monitoring. It also has great commercial potential for jointly exploiting airborne
photogrammetry and the new generation of high-resolution commercial satellites in all of the areas where airborne
photogrammetry is currently marketed. The ability to use UAV imagery will also be of great interest to local
governments and US agencies as they seek lower-cost alternatives to rapid and repeated mapping.

REFERENCES:

1. "Three Dimensional Computer Vision - A Geometric Viewpoint", by Olivier Faugeras, The MIT Press, Cambridge,
Mass, 1996.

2. “Quality Assessment of Object Location and Point Transfer Using Digital Image Correlation Techniques”,
Wolfgang Forstner, ISPRS XVth Congress, Rio de Janeiro, 1984.

KEYWORDS: Targeting, UAV, Softcopy Photogrammetry, Stereo Imagery, Multiple Images, Digital Elevation Data,
Software.

N02-078 TITLE: Micro-Chip Laser Beam Switch for LADAR Transmitter Applications
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TECHNOLOGY AREAS: Sensors, Electronics, Weapons

OBJECTIVE: To develop a high speed, high optical damage threshold, low optical loss, four output laser beam switch
and its drive electronics for use in LADAR systems.

DESCRIPTION: The NAVY is developing a low cost, compact gimballess LADAR system that is based on microchip
laser technology. A microchip laser is a compact diode pumped solid state laser and are usually Nd:YAG or doubled
Nd:YAG. Micro-Chip Lasers typically run at average powers of 30 mW, up to 30 KHz pulse repetition frequency, 600
ps pulsewidths and TEMOO beam quality. This LADAR system will obtain angular resolution of targets by scanning the
space sequentially with a high pulse repetition frequency laser. The majority of existing switches have switching times
much longer than the tens of microseconds required for this application. Sequential transmission of laser pulses from one
laser to four separate apertures can be done in variety of ways. Some examples are by using (1) diffractive optics, (2)
pockels cell - polarizing beam splitter combination, and (3) e-o deflectors. Any electo-optical solution must be free of
piezo-electric resonance. Any of these, and other, solutions are acceptable as long as the specifications for the physical
size, laser damage threshold, and speed are met.

Specific Navy requirements for the laser beam switch are: 1) This device must be capable of large-scale production. 2)
This device must be low cost. 3) The device must have low optical loss (less than 10 % attenuation). 4) The device must
have average intensity optical damage threshold of 1 W/mm?2 or better. 5) The device must be compact (less than 2 cubic
inches). 6) The rise/fall time must be shorter than 10 fYs. 7) The on state must be held for a minimum of 5 fYs. 8) Must
be capable of operating across the temperature range of V40 C to +75 C.

Specific Navy requirements for the drive electronics are: 1) This device must be able to drive the deflector device to meet
the specifications that are listed above. 2) The device must be compact. 4) This device must be programmable to allow
the flexibility for modifying the temporal shape (gate delay and width) and repetition rate.

PHASE I: Develop a laser beam switch design and drive electronics design for sequential transmission of micro-chip
laser pulses into four quadrants. Perform a feasibility study, which clearly demonstrates the functionality of the concept.
Comparison of various possible solutions must be made. The study must include a thorough analysis of the noise,
resonance, speed, and efficiency of the proposed concept as well as an experimental demonstration of the essential
features of the concept.

PHASE II: The primary goal of Phase Il is to demonstrate a working laser beam switch which is based on the concept
developed during Phase I. The work will include developing the capability to manufacture the laser beam switch and its
drive electronics and integrating the device with a microchip laser for use in LADAR systems. This phase will also

include performance tests of the overall LADAR system.

PHASE III: Integrate the transmitter into a working LADAR system and demonstrate the performance enhancements in
flight tests

COMMERCIAL POTENTIAL: The telecommunications industry requires fast all optical switches to improve the speed
and reliability of fiber optic links.

KEYWORDS: Optical Switch, Electro-Optic Deflectors, Pockels Cell, Diffractive Optics

N02-079 TITLE: Flight/Hangar Deck Cleaner

TECHNOLOGY AREAS: Materials/Processes
OBJECTIVE: Develop and demonstrate a mobile low-pressure water-jet unit to clean nonskid coatings on the decks and

hangar bays of air capable ships. The unit should be self contained, operate on available JP-5 jet fuel, have the capability
to filter and recycle water, separate oil from water when discharging, provide extended use between launches and
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recoveries, and have a cleaning capacity range required at rate of 10,000 sq ft per hour.

DESCRIPTION: Non-skid surfaces and materials are unable to last the duration of a full deployment, resulting in
interrupted flight operations and reduced operational readiness. While underway, the flight and hangar decks need to be
cleaned nightly to remove oil residue resulting from flight deck operations. Cleaning the flight deck is manpower
intensive and results in a hazardous waste disposal problem.

An 03 May 2001 interview with the crew on onboard the USS Theodore Roosevelt (CVN 71) revealed the following:
- Current model does not meet requirements of thoroughly cleaning the non-skid surfaces within a reasonable timeframe.
Crew is very dissatisfied with product

- Cleaning is done on a daily basis

- Nylon cleaning brushes contribute to erosion of non-skid surface

- No steam heat capability with spray hose and nozzle for thorough removal of oils

- Largest cleaning area — 55,476 sq ft, smallest cleaning area — 21,000 sq ft. Measurements do not include hangar bays. It
takes approximately 50 people 2 hours to clean 55,000 sq ft (3-5 people per squadron/8 squadrons). Scrubbing,
maintenance, spot cleaning and moving aircraft take place simultaneously

Detailed specifications and cost analysis for proposed unit can be provided upon request.
PHASE I: Develop and describe the characteristics of a prototype.

PHASE II: Identify characteristics of operating in routine and adverse environments; finalize design; build & test
prototype.

PHASE III: Develop implementation strategy for new product.

COMMERCIAL POTENTIAL: Similar units are currently used in the private sector, i.e., used to clean construction sites
and to clean & refresh ice skating rink surfaces.

KEYWORDS: Flight Deck Cleaner, Street Cleaner, Mobile Low Pressure Water Jet, Maintenance; Non-Skid

N02-080 TITLE: Vertical Flight Deck Operations Trainer

TECHNOLOGY AREAS: Human Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: PMA-205 (Aviation Training Systems), PMA-299
Multi-Mission Helicopter.

OBJECTIVE: To create a training device that represents VSTOL and helicopter aircraft operations in takeoff and landing
phases of operation on-board ship. The system will serve to train the Landing Signal Enlisted (LSE) and the Helicopter
Control Officer (HCO) simultaneously, and therefore must respond to LSE hand gestures and/or LSE and HCO spoken
commands, as well as instructor/operator inputs.

DESCRIPTION: The coordination and communication requirements between a pilot landing a helicopter on a small
ship, and the shipboard personnel responsible for directing those ship-board landings leaves no margin for error. Today,
the average LSE receives less than 60 seconds of live interaction with a helicopter during training. The time spent in
LSE/HCO coordination is largely limited to shipboard operations. It is proposed that a training device be constructed
that simulates a helicopter shipboard landings, a device that responds to hand signals of an LSE, and voice commands of
the HCO and LSE. The device would also be of use for training emergency situations. Today the personnel involved in
helicopter shipboard landings must learn first hand, on the job, how to appropriately respond to emergency situations.
Such a simulation training device would also be of use to emergency personnel (fire, police, medical) who may be
required to signal helicopter landings without any prior real or simulated training.
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PHASE I: Provide a feasibility study which identifies the technologies available and develops a method to represent a
generic VSTOL aircraft during operations (Model aircraft should be the H-60; the ship to model the deck should be a T-
AFS) and which would respond to the hand signals and speech inputs of the LSE and HCO trainees. The visual system
should minimize the problems of depth perception, viewing of the helicopter when overhead and distant estimation that
can occur in simulated displays. The development of a hand (or wand) tracker would be required, and the system should
allow the user to move about an open area of about ten by ten feet as necessary - yet still be able to track their signals and
voice commands and respond appropriately. Additionally, the proposed method should be of a modular, open
architecture design to facilitate upgrades and other aircraft types (V-22, Marine Corp JSF, civilian, foreign Helicopters,
etc.).

PHASE II: Develop, test and operationally demonstrate the system formulated under the Phase I effort.

PHASE III: Produce the system demonstrated in Phase II for other training applications (foreign military, commercial,
public safety).

COMMERCIAL POTENTIAL: There is significant commercial potential. The Navy's Helicopter Operations school
currently trains helicopter landing signal personnel that support the commercial industries such as the logging, hospital,
and police organizations. Training a variety of signal-persons in commercial settings, marketing of arm/hand trackers for
other non-DoD applications.

REFERENCES:
1. Naval Warfare Publication Nos. NWP-42 and NWP-19.

KEYWORDS: Landing Signal Enlisted, Helicopter Control Officer, V-22, JSF, LSE, HCO, Helicopter

NO02-081 TITLE: Onboard HF Radar Ocean Current Mapping

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

OBJECTIVE: Develop a mobile high frequency (HF) radar system capable of mapping ocean surface currents from a
moving ship. Assess the resolution, coverage, and accuracy of potential mobile system designs with respect to existing,
shore-based systems.

DESCRIPTION: Operations in the littoral ocean are increasingly central to Navy and Marine Corp activities. Coastal
ocean currents affect both the at-sea and ship-to-shore components of those activities. Strong currents, for example, may
preclude diver and small-boat operations. They also control important processes such as the transport of sediments,
hazardous materials, or drifting mines. Most importantly, coastal currents can be extremely variable in time a space in
ways that cannot be predicted using available models or remote sensing techniques. As an example, coastal sea level
fluctuations due to well-known tidal forcing can be predicted accurately nearly anywhere in the world. At the same time,
tidal-period coastal currents cannot be predicted without local observations because sea level fluctuations interact with
complex coastline bathymetry to produce highly variable current patterns. HF radar instruments have been developed
within the research community that use signals backscattered from the ocean surface to map near-surface currents over
ranges of 30 km to 200 km. Present systems utilize both long (~100m) phased array and compact (~3m) direction finding
antenna configurations. In all cases, receive antennas must be located on the coast within several meters of a beach or
coastal bluff. Existing systems also utilize monostatic transmit and receive geometry in which the transmitter and
receiver are located together at the coastal site. Independent systems must be mounted in, at least, two locations so that
radial current data from multiple sites can be combined to form vector maps of ocean current. The Navy has an
operational need for Rapid Environmental Assessment (REA) in the littoral ocean. In this context, REA requirements
point to the need to develop non-invasive, remote sensing techniques capable of mapping coastal ocean currents. These
needs can be met by building HF radar systems capable of operating from slowly moving ships at sea. In many
situations, access to a non-cooperative nation's coast to locate or support instrumentation is not an option. Data must be
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gathered from vessels underway and platforms located outside territorial coastal boundaries. Shipboard HF radar
instruments would also greatly expand mapping capabilities within the research and coastal management communities.
Radiation of HF signals from a ship is undesirable, as it both serves to identify its presence and location for targeting and
is a source of interference to the many shipboard HF communications systems. Therefore, in addition to developing HF
radar receive antennas and processing software for at-sea use, this program in its later phases will seek to implement the
algorithms required to operate HF radar systems with a bistatic geometry. i.e., with separate transmitter and receiver
locations.

PHASE I: Feasibility study of the hardware and software requirements for creating a HF radar system that can be used
from a moving ship. Emphasis should be on describing the accuracy of the velocity field as a function of ship motion,
both translational and wave-induced. Simulations using realistic and accepted models for sea echo, noise, antenna
patterns and their expected distortions from shipboard superstructure should be employed. Critical issues or high-risk
elements should be identified and documented.

PHASE II: Build and test a prototype shipboard HF radar current mapping system capable of operating in monostatic or
bistatic transmit and receive configurations. Testing should be accomplished using a research vessel large enough to
simulate HF antenna distortions onboard naval vessels. The focus should be on moving receiver technology with either
bistatic or monostatic transmitter configurations. The tests should include comparisons with in situ current sensors, such
as moored current meters or drifters.

PHASE III: Requirements specifications for moving receiver HF radar ocean current mapping systems, including
descriptions of receive and transmit hardware, antenna designs, and direction finding algorithms.

COMMERCIAL POTENTIAL: The commercial market for all HF radar ocean current mapping systems will be
increased by successful completion of this project because greater deployment flexibility and greater spatial coverage
will be available for both military and civilian applications.

REFERENCES:
1. Paduan,J.D., and H.C. Graber, 1997: Introduction to high frequency radar: Reality and myth. Oceanography, Vol.
10, pp. 36-39.

2. Barrick, D.E., M.W. Evans, and B.L. Weber, 1977: Ocean surface currents mapped by radar, Science, vol. 198, pp.
138-144.
3. Methods of Satellite Oceanography, Stewart, R.H., 1985, University of California Press, Berkeley.

KEYWORDS: Ocean Currents, Littoral Environment, HF Radar, Mapping Systems

NO02-082 TITLE: Directional Acoustic Transponder

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop an underwater acoustic transponder that is capable of providing range and bearing from it to a
host, where the host is a diver or an Unmanned Underwater Vehicle (UUV). Range and bearing can be provided to the
host upon acoustic interrogation or at predetermined periodic intervals. The system should support a repeatable
positioning accuracy of Sm at a maximum range of about 2Km and 1m at close ranges (500m and less).

DESCRIPTION: Optics, RF and GPS cannot be used for navigation underwater due to the short range of
electromagnetic signals in water. Since RF/optics cannot be used underwater, inertial navigation systems (INS) and
Doppler velocity logs (DVL) are presently used to dead reckon the vessels position. However, since the vessels are slow
and the missions are long (several days) drift of the INS resulting in position errors is a problem and the position must be
periodically reset using external fixes. Use of underwater transponders is the only GPS independent and reliable
approach for achieving this objective at this time.
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Simple transponders provide only range information so, at a minimum, two transponders are required to provide a
position fix; even with two transponders, the number required to provide positioning service to a large number of vessels
working in a shallow water area is prohibitive due to their relatively short range. Transponders that can provide range
and bearing to their hosts can greatly reduce the total number of transponders needed. However, the notional system
must be significantly less costly than present commercially available ultra short base line systems (UBSL). Furthermore,
the transponder system must be packagable into the 7.5" Semi-Autonomous Hydrographic Reconnaissance Vehicle
(SAHRV) [1-2]. Expandable/collapsible mechanisms may be used but the system must be autonomously redeployable to
new underwater sites without operator assistance. Power consumption is a consideration so the system must have power
conservation features (power switching based on host range, sleep mode, etc.).

In order to achieve the positioning accuracies at the ranges stated, angular accuracy of 1 degree or less is required. At
present, ultra-short baseline systems that can achieve this angular accuracy and range are typically $100K or more, and
are too large to deploy on the SAHRYV vessel. In order to achieve the stated range low frequency acoustics must be used
and typically result in prohibitively large transducers. The technical challenge is to develop innovative approaches to this
problem that will provide both the required range and bearing accuracy, but in a small deployable package. An
additional technical challenge is the development of the required communication protocols between the UUV and the
transponder. Commercially available transponders simply send out an acoustic pulse when interrogated by an acoustic
pulse of a specific frequency. For the proposed system, communications with the UUV will be required in order to
provide the UUV with information such as the location of the transponder (since the system will be relocatable) and the
bearing of the UUV from it.

PHASEI: Determine the cost/performance tradeoffs for different design approaches (rotating strobe, directional acoustic
array, etc.) to construct a transponder that can provide range and bearing to divers or underwater vessels. Theoretically
determine ranges and accuracies given nominal environmental conditions.

PHASE II: Develop a detailed design for the alternative deemed to be superior. Fabricate and test-tank a prototype
system. Perform at-sea testing of the prototype system to determine repeatable ranges and accuracies.

PHASE III: Demonstrate producibility and develop an implementation plan for production. Demonstrate the prototype
system in one of the ONR Autonomous Operations FNC planned demonstration.

COMMERCIAL POTENTIAL: The use of UUVs for commercial surveying has commenced (Hugin UUV). At present,
accurate positioning of these vessels typically requires the use of a host vessel that is within acoustic range of the UUV
(the host being equipped with an short baseline positioning system), or the deployment and successive redeployments of
several range-only transponders to cover the entire survey area. Bearing capable transponders will provide a method for
greatly reducing the cost of these operations.

REFERENCES:
1.  The Navy Unmanned Undersea Vehicle (UUV) Master Plan, 20APR00
2. BAA 01-12 Proposer information package http://www.onr.navy.mil/02/baa/baa01-012/pip/pip.htm

KEYWORDS: Underwater Positioning, Acoustic Transponders

N02-083 TITLE: Demonstration of a Rugged, Compact, Narrow Bandpass Optical Filter Suitable for Imaging
Applications

TECHNOLOGY AREAS: Sensors, Electronics
OBJECTIVE: Develop and demonstrate a rugged, narrow bandpass optical filter with the following properties. The

filter to maintain its optical performance under relatively severe mechanical conditions typical for a space or military
application. The filter bandpass must be relatively narrow to permit observation/isolation of fine spectral filter typical of
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LIDAR applications and other imaging/remote sensing applications. The filter must be relatively light weight and
compact to be accommodated within a broad range of existing instruments. The filter must be tunable to allow
spectroscopic chopping between spectral features within the band as well as detailed studies of spectroscopic profiles.
Finally, the filter must have a reasonable aperture and acceptance angles for incoming radiation. All these properties
allow the final objective of a spectroscopically pure images of a scene to be reached.

DESCRIPTION: Narrow bandpass, tunable optical filters are presently utilized in a wide variety of applications. The
present interferometric based designs are generally relatively fragile and/or large. Examples include mechanically
controlled Michelson and Fabry-Perot interferometers and Lyot or Solc optical filters. However, modern optomechanical
design and numerical control fabrication practices make possible some relatively unique solutions to this classical
problem. Novel approaches include monolithic assemblies, optical contacting and use of modern nanosensors and
actuators, in particular capacitance micrometers and piezoelectric crystals. However, these techniques have yet to be
successfully demonstrated in a prototype unit. The goal of this research program is to successfully demonstrate such a
filter technology for future programs. The perceived requirements are as follows. The wavelength range is for visible
wavelengths. However, possible later extensions of this technology into the infrared and ultraviolet are highly desirable.
The filter technology should be capable of surviving a relatively severe mechanical environment. Typical environments
are characterized by 20grms random vibration of 1 minute duration and 50g low frequency shock (6msec duration). The
thermal operational range should be from 5 to 35 degrees C with survival from—10 to +50 degrees C. The filter bandpass
may be determined at manufacture. Possible bandpasses should span the range from 0.01-0.07nm of full width at half
maximum. The filter peak wavelength should be stable to with 0.05 of the filter full width at half maximum over a 0.5
degree C excursion. The filter rejection should be sufficient to allow relatively pure images of a particular scene to be
obtained. The filter tunable range should be at least 0.6nm around a central wavelength. The filter must be able to
change wavelengths within this range in a few seconds. The filter must have an aperture of >39mm in diameter and a
reasonably large acceptance angle for incoming radiation. The proposed design must be compact and light.

PHASE I: Develop a design of a tunable filter system. Prepare preliminary error budgets and mechanical stress analysis
of the filter system. Measure relevant optical performance of components as needed to establish feasibility of the filter
system.

PHASE II: Demonstration of filter technology. Successfully design, fabricate, assemble and test a prototype filter.
Testing to include environmental testing and optical characterization.

PHASE III: Develop filters for terrestrial and space based LIDAR applications, develop narrow bandpass filters for
space weather sensing instruments, develop filters for airborne and naval remote sensing applications.

COMMERCIAL POTENTIAL: Optical networks, atmospheric LIDAR stations, remote sensing satellites and terrestrial
stations would potentially benefit from this type of filter technology.

REFERENCES:
1. Fabry-Perot Interferometers, G. Hernandez, Cambridge University Press, 1986.
2. Principles of Optics, Max Born and Emil Wolfe, Pergamon Press, 1964.

KEYWORDS: Optical Filter, Fabry Perot, Interferometer, Narrow Bandpass

N02-084 TITLE: Calibrated CMOS Active Pixel Sensor

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop and demonstrate a CMOS active pixel sensor (APS) that has high sensitivity and stable
calibration in the extreme ultraviolet (EUV) and x-ray wavelength regions and that is robust against radiation damage.
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DESCRIPTION: Calibrated single-pixel silicon photodiode sensors have been utilized to measure the absolute EUV and
x-ray radiation from the Sun. These measurements serve as input to computer models that simulate and forecast space
weather and adverse effects on satellite orbits and performance and on military and civilian long-range communications
and surveillance. The complementary metal-oxide silicon (CMOS) technology has evolved to the stage that it is now
feasible to fabricate multi-pixel arrays of diodes that can be absolutely calibrated and are robust against radiation
damage. The CMOS technology has advantages over the more traditional charge-coupled device (CCD) technology. In
contrast to CCD sensors, the individual pixels of a CMOS sensor can be addressed and read out without transferring
electrical charge along columns of pixels. Thus CMOS sensors are less susceptible to radiation damage of the type that
would disable entire regions of a CCD sensor. In the case that only the data from a particular area of the sensor is of
interest, only that area of the CMOS sensor can be read out at a considerable time savings compared to a CCD sensor. In
addition, signal processing can be efficiently performed at the chip level of a CMOS sensor. CMOS sensors typically
consume less power, are more efficient, and are less costly to fabricate than CCD sensors, and these are advantages for
flight instrumentation.

PHASE I: Develop a detailed design of a CMOS APS with a pixel format larger than 256x256, pixel size less than 100
microns, high sensitivity (0.2 A/W or greater) in the EUV and x-ray regions with radiation hardness, and that can be
absolutely calibrated to 5% accuracy or better in the EUV and x-ray regions.

PHASE II: Fabricate the CMOS APS and evaluate its performance with regard to sensitivity, speed, dark current,
radiation damage, and stability of calibration.

PHASE III: Demonstrate producibility and develop an implementation plan for new production and utilization in space
instrumentation.

COMMERCIAL POTENTIAL: CMOS sensor technology has evolving to the stage that it is beginning to be competitive
with CCD technology for commercial imaging systems. In radiation environments, such as space and medical situations,
CMOS sensors are in some cases superior to CCD sensors. An absolutely calibrated CMOS sensor would find
applications in medical and scientific applications.

REFERENCES:

1. "Radiation Effects in a CMOS Active Pixel Sensor," G. R. Hopkins, IEEE Trans. Nuclear Science 47, 2480 (2000).

2. "Development and Characterization of Active Pixel Sensors for Space Applications,” O. Saint-Pe et al., SPIE
Conference on Photonics for Space Environments VI, vol. 3440, 24 (1998).

KEYWORDS: Active Pixel Sensor, CMOS

N02-085 TITLE: A Compact Fluorescence-Scattering System

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop and demonstrate a compact and low-maintenance system capable of characterizing dissolved and
particulate components of coastal waters by their elastic and inelastic scattering, and spectral attenuation properties. The
system is expected to operate in a variety of platforms including moorings, automated underwater vehicles (AUV) and
oceanographic multi-sensor racks. The users of the systems are expected to be non-optics specialized operational Navy
and industry personnel.

DESCRIPTION: A compact and low-maintenance instrument capable of performing simultaneous measurements of
water spectral attenuation and scattering (elastic and inelastic) at different spectral bands and scattering angles is
required. The system must be capable of providing measurements at least at three incident wavelengths (350 nm, 532 nm
and 660 nm), and to measure scattering properties at angles of 30, 90, and 180 degrees with respect to the beam
propagation. Such measurements will enable the configuration of the scattering properties of the water column and the
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assessment of turbidity or nephelometric type of data, routinely used to obtain water clarity estimates. The system will
need to include self-calibrations and internal standards for elastic and inelastic measurements, and to correct for energy
excitation calibration and sub-calibrations for pigments and color dissolved organic matter (CDOM). It should be
designed in a robust configuration to withstand deployment to depths up to 500m in the ocean. It should be compact
enough to be installed on AUV, deployed in an oceanographic instrument rack or placed in a mooring. The device
should also provide a data acquisition system that allows for easy download of data and simple graphics. Itis expected
that the data will be continuously recorded and be depth and temperature compensated, if necessary. Data transmission
should be instantaneous to surface in order to keep real time data logging. The system should provide the option of real-
time operation via a conductive wire or be battery-operated to record data.

PHASE I: Demonstrate (1) proof of concept, and (2) the feasibility of developing a Laser Diode-based system capable of
measuring forward-backward scattering at the angles stipulated, attenuation and fluorescence of at least three different
wavelengths (350nm, 532nm, 660nm), which are relevant for dissolved and particulate water components. This phase
should produce the basic design of the laser-diode system and a proof of concept. This phase should also include a
“bread board” type of instrument capable of demonstrating the feasibility of the conceptual design and measurements
proposed.

PHASE II: Develop a working prototype instrument and its data acquisition software package. Data should be logged
and displayed in real-time. The software package should be simple to operate and designed to be user friendly. This
phase should provide a prototype instrument capable of being deployed in the field and of providing the optical
parameters required.

PHASE III: Develop useful version of the instrument.

COMMERCIAL POTENTIAL: This proposal expects to provide a highly sensitive, accurate, efficient, extremely
rugged, cost effective and user-friendly sensing system for a variety of applications, including determination of the "in
water" dissolved and particulate components important in the determination of water purity, industrial water monitoring,
water drinking plants, water reservoirs, chemical plant effluents and other environmental applications. Among the users
of these systems are non-specialized personnel in municipalities, chemical and thermal plants, and water bottling plants.

REFERENCES:

1. Desiderio, R.A., C. Moore, C. Lantz, and T.J. Cowles, (1997). Multiple excitation fluorometer for in situ
oceanographic applications, Applied Optics 36(6): 1289-1296.

2. [Tturriaga, R., S. Bower (1993): Micro photometric analysis of the spectral absorption and fluorescence of individual
phytoplankton cells and detrital matter. Pp 377-385. In: Current Methods in Aquatic Microbial Ecology, (P.K.
Kemp, B.F. Sherr, E.B.Sherr and J.J Cole, Editors), Lewis Publishers

3. Maffione, R.A., and R.C. Honey (1992). Instrument for measuring the volume scattering function in the backward
direction, Ocean Optics X1, Proc. SPIE 1750, 15-26.

KEYWORDS: Fluorescence; Elastic Scattering; Inelastic Scattering; Coastal Water Optical Characterization; In-Water
Components; Optical Systems for AUVs and Moorings

NO02-086 TITLE: Compact Electronics and Segmented Nuclear Detectors for Radiation Imaging

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace, Nuclear Technology

OBJECTIVE: Develop three-dimensional position readout of large-volume, highly segmented nuclear strip detectors
with fine spatial and high-energy resolution. We limit the scope of the program to include only those detectors
appropriate for an advanced Compton camera, or other large-volume gamma camera. The minimum specifications are
<2.5 keV FWHM performance, <I mm position resolution, and a detector >6 cm diameter and >6 mm thick. A key
element of the program is to develop an integrated circuit and supporting electronics to provide energy and three-
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dimensional position readout of highly segmented nuclear radiation detector. The system should be compact and
modular, permitting the construction of large detector arrays. Germanium, thick silicon, or low-Z detectors are
appropriate. Electronics must provide three-dimensional position resolution either through fast timing of charge
development, measurements of fast induced signals on a combination of electrodes, or by some other means. The
electronics shall be integrated with sensitive, fully imaging nuclear detectors, with capability of detecting and identifying
small amounts of nuclear materials at a distance. System performance requires that the electronics minimize power
consumption and physical mass per channel.

DESCRIPTION: Detection of radioactivity in a terrorist or battlefield environment requires detection, identification, and
determination of location. Typically detector systems cannot be brought near the subject material and the location is
unknown. A new class of gamma ray detectors is being developed for this application. The detector shall provide
identification of nuclear materials of strategic interest, determine the location and distribution of these materials, and do
so at distances and with exposure times superior to conventional instrumentation. Broader applications for the same
technology include nuclear medicine and high-energy astrophysics. The detector system is composed of a few thousand
highly segmented semiconducting detectors such as germanium, or silicon. An essential component of these detectors
are the readout electronics. It is expected that a custom chip for our application in which all of these capabilities are
combined into a single chip may be required. There is currently no commercial alternative to this chip. It is important to
minimize the power since the chip may need to be cooled along with the detectors, and to minimize mass since passive
materials near the detector may interfere with performance.

PHASE I: Develop position readout approach. Develop detector and electronics specifications and architecture to
achieve performance. Perform simulations to demonstrate noise and timing performance and estimate power
consumption.

PHASE II: Design and fabricate detector and associated electronics. A germanium strip detector is available from
commercial sources, which could be appropriate for this project. Demonstrate the performance and specifications
outlined in the objectives.

PHASE III: Demonstrate producibility of electronics on large scale in support of production of fieldable nuclear detector
systems. Demonstrate the ability to support chip design changes to meet the needs of a broad or evolving market in
imaging nuclear detectors.

COMMERCIAL POTENTIAL: The commercial applications of these electronics include PET scanners and other nuclear
medicine imaging using new technology being developed for nuclear detection.

REFERENCES:

1. Momayezi et al., “Position resolution in a Ge-strip detector,” SPIE Vol. 3768, (1999), p 530.

2. Kroeger et al., “Charge Sensitive Preamplifier and Pulse Shaper using CMOS process for Germanium
Spectroscopy,” IEEE Trans on Nucl Sci, Vol 42, No 4 (1995), p921.

3. Ericsonetal., “A Low-Power, CMOS Peak Detect and Hold Circuit for Nuclear Pulse Spectroscopy”, IEEE Trans
on Nucl Sci, Vol 42., No 4 (1995), p 724.

KEYWORDS: CMOS, Nuclear Detectors, Nuclear Electronics, Three-Dimensional Readout, Pulse Electronics,
Spectroscopy

NO02-087 TITLE: Antenna for Shipboard Missile Detection System

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: To develop a high-gain omni-directional shipboard missile defense system antenna for improved intercept
capability of inbound Ka-Band missile seekers.
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DESCRIPTION: Upcoming anti-ship missile systems are projected to operate in the Ka-Band spectrum. Currently,
shipboard systems in this range include directional antennas, limiting the probability-of-detection. The capability to
protect against incoming missiles is seriously jeopardized. The proposed omni-directional antenna will be designed to
replace the existing element. The element must be omni-directional with a minimum gain of 15 dBi and a vertical beam
peak at the horizon. The polarization can be horizontal, vertical or both. Physically, the element could be housed in a
cylindrical radome approximately 12 inches high and 3 inches in diameter.

PHASE I - Establish the technical requirements and design parameters, including effective gain, elevation beamwith, and
elevation boresite. Design an engineering model for extensive RF testing and evaluation.

PHASE II - Develop and provide a prototype design optimized for shipboard operation, including mechanical mounting.
Naval Research Laboratory will provide engineering support in defining compatible mounting techniques.

PHASE III — Provide qualification testing to assure shipboard reliability. The contractor will produce the qualification
antenna, conduct the environmental testing, and will also be responsible for generating a final test report.

COMMERCIAL POTENTIAL: Shipboard surveillance and collision avoidance systems.

REFERENCES:

1. Antenna Engineering Handbook, Henry Jasik, McGraw-Hill Book Company, Inc., N.Y., 1961, pp. 9-11 to 9-14.
2. Antenna Analysis, Edward A. Wolff, John Wiley & Sons, Inc., N.Y., 1966, pp. 179 — 189, pp. 409 — 412.

KEY WORDS: Slot-Array, Omni-Directional, Gain, Missile, Probability-Of-Detection, Shipboard

NO02-088 TITLE: Buoyancy Control Package for Miniature Undersea Sensors

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop a miniature buoyancy adjustment package to maintain miniature undersea sensors at desired
depth and/or temperature contour.

DESCRIPTION: Littoral antisubmarine warfare (ASW) and surveillance plans incorporate a vision of distributed
network of miniature, neutrally buoyant undersea sensors capable of maintaining desired depth at 10 to 1,000 meters or
position on a 5 to 20 degree Celsius temperature contour. Currently available actively self-controlled buoyancy packages
are approximately 1/2 cubic foot. The goal of this project is the development of a miniature adjustable buoyancy module
for a sensor packages 4 oz or smaller. The buoyancy module would preferably not require electrical energy; however,
micropower concepts will be considered. A buoyancy package small compared to 4 oz is desired. This effort will require
innovative research in micromachining and miniaturization technologies.

PHASE I: Provide proof of concept of actively self-adjustable buoyancy modules for miniature sensors.

PHASE II: Develop and demonstrate a small active, self-adjustable buoyancy module, designed to maintain the sensor at
either fixed pressure (depth) or at a fixed temperature strata in the ocean.

PHASE III: If a successful device is demonstrated, Phase III will address manufacture or licensing of the Phase 11
product.

COMMERCIAL POTENTIAL: The developed buoyancy packages and associated sensors have direct utility for
oceanographic sampling and for mapping dynamic undersea phenomena by chemical, oil, and regulatory agencies.

REFERENCES:
1. Simonetti, Paul., and D.C. Webb. (1997) A Simplified Approach to the Prediction and Optimization of Performance
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of Underwater Gliders. In Press. Proceedings of the 10th International Symposium on Unmanned Untethered
Submersible Technology.
2. Stommel, Henry. (1989) The SLOCUM Mission, Oceanography, April 1989, pp. 22-25.

KEYWORDS: Undersea Sensors, Distributed Sampling, Buoyancy Control, Distributed Sensors

NO02-089 TITLE: Estimation of the Electromagnetic Energy Protection Provided for Electronic Equipment by
Various Dielectric Materials and Shielding Configurations

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: Develop and demonstrate analysis and modeling techniques and strategies that can estimate the shielding
effectiveness over a wide range of frequencies of complex electronic enclosures such as buildings, vans, and trailers by
extrapolation from shielding effectiveness data taken on various similar facilities.

DESCRIPTION: Electronic systems in the US are susceptible to high power electromagnetic energy. Protection of these
systems by conventional EMP hardened structures or by the use of tempest structures is generally too costly. If we knew
the susceptibility of the systems installed in buildings or vans more accurately, a lower cost solution for protection would
be available.

The challenge is to obtain a quantitative answer as to how vulnerable these electronic systems are to an RF attack when
they are in an office or part of a field military installation. Computer systems for example are available in a variety of
containers or chassis. They have a number of external connections — mouse, keyboard, monitor, power cord, network
connection, etc. They are also in rooms constructed of different materials, with different shapes, and with different types
of furniture in the room. The rooms are part of a building, the next level encasement. Around the electronic circuitry in a
computer system, there are many barriers and many avenues of entry for high power electromagnetic energy. How does
one estimate the RF shielding effectiveness of a shelter (room, building, van) on a computer or other electronic
equipment inside the shelter given shielding and vulnerability information from other similar structures and facilities?

Statistical electromagnetics may assist in determining the electromagnetic fields interior to an enclosure. Numerical
analysis modeling provides a valuable analysis tool for the interactions of impinging electromagnetic fields on complex
electronic systems. Frequency domain (Green’s, Finite Element, Method of Moments, Wavelet, Integral Equation, etc)
based methods provide rapid prototyping for narrow band incident fields. Time domain (Finite Difference Time Domain,
Transmission Line Matrix, etc) based methods provide complex model simulations for pulsed incident fields. Both
numerical classes provide valuable insight and modeling advantages into the interactions of the fields on the electronic
systems in a wide variety of environmental conditions (atmosphere and surrounding structures).

From these techniques and others, the need remains to develop algorithms and processes that can estimate the
susceptibility of the electronic systems interior to an enclosure such as a van, a building, or a trailer, by extrapolation
from the shielding and electromagnetic field measurements of other similar structures. The goal then is a set of usable
tools to perform these calculations and extrapolations preferably on a man portable computer system.

PHASE I: Investigate the techniques and methods available to estimate the electromagnetic shielding effectiveness of
irregular complex structures, e.g buildings. Provide a compendium and perform a comparison of the methods describing

under what conditions they are useful and under what conditions they are not applicable

PHASE II: Implement and/or combine the applicable techniques and models. Demonstrate their utility on a specific
building structure to verify the accuracy of the estimation process.

PHASE III: Package the analysis capabilities onto a PC for portability for ultimate use at civilian as well as military
locations.
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COMMERCIAL POTENTIAL: Many commercial facilities are also vulnerable to high-energy electromagnetic fields.
The result from this research and development will provide a product to allow the commercial user to quickly and
accurately understand the susceptibility of his/her electronic equipment at its specific location. The commercial user will
then be able to take the appropriate action to protect the equipment from the RF energy.

KEYWORDS: Electromagnetic Modeling, Electromagnetic Susceptibility, Electromagnetic Protection, Complex
Electronic Systems, High-Power Microwave, Electronic Warfare Self-Protection

N02-090 TITLE: Numerical Modeling of Complex Electronic Systems

TECHNOLOGY AREAS: Information Systems, Electronics

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: OPNAYV N89 — Operational Naval Group N8 — Special
Technology Countermeasures Joint Programs Office

OBJECTIVE: Develop and demonstrate multi-method numerical modeling strategies that simulate near-field
electromagnetic interactions with electrically large scattering elements such as buildings housing complex information
systems. The modeling strategies must be scalable to increasing levels of detail as computational capabilities improve,
be capable of user parameterization for rapid material and geometry entry through input files, and allow access to
multiple simulation kernels through the same user interface.

DESCRIPTION: Numerical modeling provides a valuable analysis tool for the interactions of impinging electromagnetic
fields on complex electronic systems. A multi-method modeling approach is essential due to the wide range of
excitation, continuous wave to near-field time transient, and the complexity of electrically large systems with relatively
small detail. Frequency domain (Green’s, Finite Element, Method of Moments, Wavelet, Integral Equation, etc) based
methods provide efficient simulations for narrow band incident fields. Time domain (Finite Difference Time Domain,
Transmission Line Matrix, etc) based methods provide complex model simulations for pulsed incident fields. Both
numerical classes provide modeling advantages and valuable insight into the interactions of the fields on the electronic
systems, however combining results from multiple separate kernels is cumbersome if not prohibitive due to the user
interaction and interpretation required. A multi-method numerical simulation strategy could provide a platform for study
of electromagnetic interactions of large systems, providing intuition for the measured results currently available and
assist in understanding future measurements. Very flexible data entry with capabilities for program generation of the
input files is a requirement. This will allow for numerous automated simulations across a wide variety of conditions, for
example investigating hundreds of unique antenna structure systems with thousands of variations for sensitivity analysis.
Post processing capabilities should also be flexible to allow semi-automatic collection of the results across a set of
simulations.

PHASE I: Design and develop time and frequency domain numerical modeling strategies for analysis of electromagnetic
energy coupled to structures housing complex electronic systems. Multiple existing algorithms should be utilized and the
problem should be scalable to increasing levels of detail. Utilize proof-of-concept modeled systems to establish
numerical modeling constraints. Parameterization of the numerical model is a significant requirement, therefore input
must be available through input text files and not solely by graphical means.

PHASE II: Determine the extent of capabilities for a numerical modeling approach that is to be performed. Demonstrate
detailed simulation of several operational electronic systems within a complex environment for a variety of incident field
waveforms and energy levels. The level of detail should be significantly improved from Phase 1.

PHASE III: Demonstrate production capabilities to bring the numerical modeling approach into the mainstream markets
of facilities design and through characterization of the electromagnetic environment define or improve the operational

robustness of electronic systems in the presence of adverse electric and magnetic fields.

COMMERCIAL POTENTIAL: The commercial producers and the end users of electronic systems (computers, control
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devices, communications devices) will benefit from enhanced reliability under a wide variety of electromagnetic
operational regimes. The increased reliability has multiple benefits from overall system stability to lower maintenance
and capital installation costs.

KEYWORDS: Numerical Modeling, Scalable Detail, Rapid Prototyping, Complex Electronic Systems, High-Power
Microwave, Electronic Warfare Self-Protection

N02-091 TITLE: Data Standardization and Brokering

TECHNOLOGY AREAS: Information Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: OPNAYV N89 — Operational Naval Group N8 — Special
Technology Countermeasures Joint Programs Office

OBJECTIVE: Provide a central medium (broker) to leverage software applications and data by creating a common,
platform-independent data schema to accommodate the myriad of databases and data processing methodologies being
managed by various communities supporting critical infrastructure assurance initiatives.

DESCRIPTION: Presidential Decision Directive 63 (PDD-63) identified the need for public-private partnerships and
information sharing. This effort would create an engine to act as a broker to query databases and data manipulation
processes using XML (eXtensible Markup Language) document request information transport medium and using SOAP
(Simple Object Access Protocol) to facilitate the exchange of the information. The use of XML would make leveraging
the engine platform independent. Thus, the data could be gathered and delivered to any platform with an HTTP
connection, where the engine would transform the data into a portable XML format. The software application that
requests the information from the broker would then receive the information in a published data structure schema.
Overall, this would provide a common resource of standardized data to be communicated between and among the
respective players involved in protecting our nation’s critical infrastructure, regardless of platform or application, thereby
increasing the efficiency and effectiveness of data exchanges, data mining, and analysis efforts.

PHASE I: Design a foundation XML data schema to control brokered data to consumer applications and provide a basis
for a scalable data distribution system.

PHASE II: Develop an extensible SOAP brokering application for transforming data-center data into a standardized data
structure that returns the transformed data to the consumer application as an XML document.

PHASE III: Develop data server applications for providing the requests from the data broker system. Incorporate data-
schema definitions for brokered data into the broker architecture. Develop a data consumer application for prototyping.
Since data will be platform independent, developers can engineer applications to leverage any or all of the available data
in any language and on any platform.

COMMERCIAL POTENTIAL: This capability could be widely employed to facilitate the sharing of information,
regardless of platform or application, across not only DoD entities but all national and commercial activities engaged in
infrastructure assurance activities for the benefit of the nation.

REFERENCES:

1. The Clinton Administration’s Policy on Critical Infrastructure Protection: Presidential Decision Directive 63, May
22, 1998 (available on the Internet).

2. W3C Architecture Domain, July 2001 [Online] http://www.w3.org/XML/

3. EXtensible Markup Language (XML), created by the World Wide Web Consortium (W3C) is a markup language used as a way
to structure, describe, store and send information. It provides a portable means for applications and systems to communicate
regardless of platform. Extensible being the keyword, describing data is not limited to a set of tags, such as with HTML; in fact,
XML tags used to describe and relate the data can be anything, thus adding versatility to the data and making it easier for the end
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user to understand and process the data and meta-data. XML has been used in a variety of implementations within software
development. A few examples of these implementations include: 1)Web-based application discovery: XML is used to describe
application integration components. The core Intranet platform searches for available applications and incorporates them based
on data provided in the XML document for each application. 2) Database architecture implementation: XML is used to store
database architecture information which is then leveraged to upgrade databases related to installed client-server applications.

4.  W3C Architecture Domain, July 2001, [Online] http://www.w3.org/TR/soap12/

5. Simple Object Access Protocol (SOAP) is a lightweight protocol for exchange of information in a decentralized,
distributed environment. SOAP is an XML based protocol that consists of three parts: an envelope that defines a
framework for describing what is in a message and how to process it, a set of encoding rules for expressing instances
of application-defined data-types, and a convention for representing remote procedure calls and responses via
standard Internet HTTP. SOAP has been submitted to the W3C standardization process. Several companies have
developed solutions using the SOAP specification including the Apache SOAP Toolkit from IBM, Microsoft NET,
and Microsoft SOAP Toolkit v2.

KEYWORDS: Data Standardization, Data Brokering, Infrastructure Assurance, Infrastructure Protection, Information
Sharing, Database Integration

N02-092 TITLE: Infrastructure Vulnerability Analysis System

TECHNOLOGY AREAS: Information Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: OPNAYV N89 — Operational Naval Group N8 — Special
Technology Countermeasures Joint Programs Office

OBJECTIVE: Provide an automated capability to analyze site infrastructure systems and assets, determine vulnerabilities
for identified threats and hazards, determine appropriate countermeasures, and provide risk-management decision support
to infrastructure owners, operators, and users.

DESCRIPTION: The ability to analyze specific infrastructures such as Transportation (road and rail systems);
Telecommunications (long-haul telecommunications and computer networks); Energy (electric power, petroleum, and
natural gas); and Water (industrial use) will assist infrastructure owners and operators in reducing the vulnerabilities of
these systems. The same information will also assist infrastructure users in understanding their dependencies on these
systems and the possible impacts of infrastructure disruptions on their supported operations. The capabilities developed
would be focused on infrastructures at sites selected as critical to the successful execution of Department of Defense
missions. The general methodology and architecture developed should allow easy incorporation of additional
infrastructures and should be easily applied at a site to provide meaningful decision support. In addition to the technical
challenge of developing the system, the success of the project will depend on the technical challenges of understanding
and modeling each specified infrastructure.

PHASE I: Develop an automated site infrastructure vulnerability analysis capability relating infrastructure systems and
assets, threats and hazards, vulnerabilities, and countermeasures for selected initial infrastructures. The tool should have
the capability to generate automated, tailored reports to assist decision makers.

PHASE 1II: Expand the capabilities to include additional selected infrastructures. Make any modifications to the basic
analysis tool required to support expanded capabilities.

PHASE III: Prepare a user-friendly manual and training tutorial to facilitate distribution and employment of the tool by
military and commercial infrastructure providers working to reduce vulnerabilities of networks whose loss or disruption
could adversely affect military missions of the national economy.

COMMERCIAL POTENTIAL: This system and its associated databases could be used by commercial infrastructure
providers to analyze their network vulnerabilities and identify their best options for risk reduction. With the focus
provided by the President’s Commission for Critical Infrastructure Protection (PCCIP), there is widespread commercial
and government interest in this topic, so the dual use potential of an infrastructure vulnerability analysis system of this
nature is self-evident.
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KEYWORDS: Decision Support Automation, Infrastructure Assurance, Vulnerability Assessment, Risk Mitigation,
Infrastructure Protection, Risk Management

REFERENCES:

1. Executive Order #13010 (July 1996)

2. Presidential Commission on Critical Infrastructure Protection (October 1997)
3. Presidential Decision Directive # 63 (May 1998)

4. DoD Directive 5160.54 (January 1998)

5. http://www.nswc.navy.mil/TAP

NO02-093 TITLE: Virtual-node Programming Environment

Due to the events of September 11, 2001, this topic is no longer offered.

N02-094 TITLE: Detection and Tracking of Low RCS Watercraft

Due to the events of September 11, 2001, this topic is no longer offered.

NO02-095 TITLE: Detection and Classification of Drifting Mines

Due to the events of September 11, 2001, this topic is no longer offered.

NO02-096 TITLE: Very Low Noise, High Efficiency Propeller Designs for Small UAVs

TECHNOLOGY AREAS: Air Platform, Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PMR 51 — Navy Low/Counterlow
Observables Policy, Technology and Projects Office

OBJECTIVE: Develop approaches and designs to reduce the noise associated with propellers for small UAVs to levels
consistent with the other components of the propulsion package.

DESCRIPTION: Propellers are fast becoming the dominant noise source in small UAVs. The sources of noise in these
small (7”-15”) propellers have not been well studied. Most propellers in this size range are designed for and marketed to
model aircraft hobbyists who are generally not overly concerned with propeller noise issues since their engine noise is
significantly greater. The Navy is developing small UAVs, using either electric or liquid fuel engines, which are
significantly quieter than those used by hobbyists. Therefore, propeller noise is becoming a significant issue for these
small UAVs. Additionally, the propulsive efficiency of these propellers is important also.

This topic addresses the design and development of novel propeller shapes and configurations that significantly reduce
the radiated noise of these small propellers while simultaneously maintaining relatively high propulsive efficiency.
Furthermore, since the intended use for the propellers is small, very low cost, expendable UAVs, the final manufactured
cost of these low noise propellers must be inexpensive.

PHASE I: Design, fabricate, test, and evaluate low noise propellers (with approximately a 9” dia. X 6” pitch) that can
provide a 12 dB average reduction in radiated noise (20 Hz to 20 kHz at 6,000 to 12,500 rpm) compared to the best
equivalent commercially available propellers being sold in the hobby industry today. Modify designs to provide at least
75% propulsive efficiency over the 8,000 to 10,000 rpm range. Select appropriate materials for propeller construction so
that it would be expected to remain dimensionally stable to design tolerances after 24 hour exposure to temperatures of
140F and humidity of >60%. Provide an analysis with supporting documentation that explains how final production
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design will meet or exceed low cost, weight, acoustic, and propulsive efficiency objectives. Provide five propellers for
Navy test and evaluation.

PHASE II: Continue development of low noise propellers for small UAVs. Reduce the radiated noise level of the
propeller by an additional 8 dB (average, 20 to 20 kHz at 6,000 to 12,500 rpm) over the Phase I goals. Maintain
propulsive efficiency of at least 75% over the 7,000 to 11,000 rpm range. Statistically test propeller construction to
ensure that the selected propeller design remains dimensionally stable to design tolerances after 24 hour exposure to
temperatures of 140F and humidity of>60%. Measure acoustic performance before and after thermal aging and compare
results. Provide an analysis with supporting documentation that explains how final production design will meet or
exceed low cost, weight, acoustic, and propulsive efficiency objectives in production. Provide twenty-five propellers for
Navy test and evaluation.

PHASE III: Demonstrate production capability with the construction and delivery of 250 propellers. Provide statistical
data assessing the acoustic and efficiency performance of at least 25 randomly selected samples. Estimate final cost of

production.

COMMERCIAL POTENTIAL: Improved low noise engine components would be welcomed by the model aircraft hobby
market since noise has been a major source of problems with residents adjoining practice flying fields.

KEYWORDS: Propeller, Noise Reduction

N02-097 TITLE: Cooperative Behavior and Control in Groups of Unmanned Air Vehicles (UAVs)

TECHNOLOGY AREAS: Air Platform, Information Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PMR 51— Navy Low/Counterlow
Observables Policy, Technology and Projects Office

OBJECTIVE: Develop control system approaches suitable for the intra-group command and control in expendable
UAVs. Assess the extent of reliable communication required to ensure robust tactical performance. Identify limitations
and advantages in particular control architectures.

DESCRIPTION: Small, low cost expendable UA Vs are becoming more common. Their perceived value is not only their
ability to accomplish the traditional functions of UAVs but also their ability to operate cooperatively in tactical situations
where high attrition is expected. This cooperative behavior would allow groups of UAVs to identify their losses
internally, reconfigure the force to accommodate these losses, select the most appropriate new "leader(s)", recombine
with remnants of other groups when losses became too extensive, etc. Researchers have suggested several potential
control architectures to implement these functions. These span the spectrum from very tightly controlled hierarchical
designs through the almost flat designs suggested by the proponents of Artificial Intelligence (AI). The advantages and
limitations of this spectrum of architectures needs to be examined for both their utility and their demand on
communications bandwidth and reliability to accomplish their tactical goals.

This topic examines the computer simulation and real-world assessment of a variety of robust control structures for a
group of expendable UAVs that would have a number of tactical functions in a battlespace. These functions would
include (but not be limited to) reconnaissance, search, tracking, relay communications, target identification, and
navigational guidance. The group would consist of varying amounts of redundant capability and subjected to a range of
subsystem degradation (especially communications) in individual vehicles and total vehicle attrition rates. The
simulations would track the average and peak communication rates (inter-vehicle), degradation in the tactical
functionality of the total group in face of attrition, and the span, extent, and reliability of the information provided back to
the command center. Hybrid or novel architectures are encouraged, particularly to overcome observed weaknesses and
limitations identified in previous simulations.
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A further aspect to this effort is the development of gradient control, i.e. from man-in-the-loop to supervisory to full
autonomous control. This aspect is essential to allow a system to be tested and evaluated as it moves through the process
of modeling into real vehicles.

PHASE I: Define potential architectures that can address the control of an expendable UAVs having a variety of
capabilities. Perform a preliminary assessment of the architecture using a computer simulation of a UAV force of 10
vehicles selected from a group of vehicles possessing the functions of reconnaissance, search, tracking, relay
communications, target identification, and navigational guidance. Determine the minimum level and frequency rate of
communication necessary to maintain stable tactical group behavior. Document the results in a report identify portions of
the architecture and algorithms exhibiting robust behavior and those portions requiring additional research.

PHASE II: Conduct a more detailed and realistic computer simulation than in Phase I, using a UAV force of 100 vehicles
with the functions of reconnaissance, search, tracking, relay communications, target identification, and navigational
guidance (as well as other functions to be provided). This simulation will include actual, observed vehicle characteristics
measured in the field, and will use the results from sensor and communications system evaluations to enhance simulation
accuracy. Determine the extent of redundancy required to accomplish a mission while the group is subjected to
degradation of both its inter-vehicle and command communications and also experiences a variety of total vehicle
attrition rates. Determine the minimum level and frequency rate of communication necessary to maintain stable tactical
group behavior. Determine the capability to reconstitute tactical group behavior after the reestablishment of
communications following communication pauses from seconds to hours. Document in detail the best (most robust)
architecture in a final report.

PHASE III: Design, test, evaluate and integrate the most robust architecture into a hardware test control system suitable
for use on a small, expendable UAV. Use a group of 30 actual UAVs for a battlefield simulation. Correlate battlefield

and computer simulations and modify architectures and algorithms. Provide complete control system for field use.

COMMERCIAL POTENTIAL: Real time, robust control architectures are in demand for a variety of manufacturing and
service operations. As these systems become more complicated, a more generic approach to them has become essential.

KEYWORDS: Control, Command, Navigation, Cooperative Behavior

N02-098 TITLE: Very Low Noise, High Efficiency Propeller Designs for Small UAVs

TECHNOLOGY AREAS: Air Platform, Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: PMR 51— Navy Low/Counterlow
Observables Policy, Technology and Projects Office

OBJECTIVE: Develop approaches and designs to reduce the noise associated with engine exhaust in small UAVs to
levels consistent with the other components of the propulsion package.

DESCRIPTION: Engine exhaust noise is the dominant noise source in small UAVs. Mufflers for these engines are
rather simple and they either are supplied by the engine manufacturer or, in some cases, are designed as aftermarket add-
ons. The Navy is currently developing a small UAV that uses a heavy fuel (JP-5) compression ignition engine that is
inherently quieter than similar output engines using gasoline. To reduce the noise even further, we need very
lightweight, well designed mufflers which reduce the exhaust noise while not adversely affecting efficiency, and perhaps
even improving efficiency.

This topic addresses the design and development of novel muffler configurations that significantly reduce the exhaust
noise of small (0.25 cid) JP-5 fueled diesel (compression ignition) engines while simultaneously enhancing combustion
efficiency in typical operating rpm ranges. Since the exhaust stream of the compression ignition engine is much cooler
than that from either glow fuel or gasoline engines, provision must be made to prevent accumulation of water (from the
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condensation of water vapor from combustion) and both unburned fuel and lubricant. Low weight, non-metallic designs
would be preferred. Furthermore, since the intended use for the muffler is a small, very low cost, expendable UAVs, the
final production low noise muffler must be inexpensive to manufacture.

PHASE I: Design, fabricate, test, and evaluate a low noise muffler that can provide a 16 dB average reduction in exhaust
noise (20 Hz to 20 kHz for an OS-Max FX 0.25 cid engine [modified for diesel] operating at 7,500 to 11,500 rpm using a
simulated load) compared to the stock muffler provided by the manufacturer. Evaluate performance for twelve hours
uninterrupted operation. Simultaneously, ensure that the backpressure remains low and that the efficiency (SFC) of the
engine remains at least constant, though preferably enhanced (10 % prefered) in the range of 8,000 to 10,000 rpm.
Weight goal is to be <100 grams, less being much better. Volume constraints are limited to a maximum of 24 cubic
inches. Length requirements are that no dimension exceeds 5 inches. Production cost goal is to be $35/each in lots of
1000. Provide an analysis with supporting documentation that explains how final production design will meet or exceed
low cost, weight, acoustic, and efficiency objectives. Provide five mufflers for Navy test and evaluation.

PHASE II: Continue development of low noise mufflers for small UAVs. Reduce the radiated noise level of the muffler
by an additional 10 dB (average, 20 to 20 kHz for an OS-Max FX 0.25 cid engine [modified for diesel] operating at 7,500
to 11,500 rpm using a simulated load) over the Phase I goals. Evaluate performance for twelve hours uninterrupted
operation. Enhance engine efficiency (SFC) in the range of 8,000 to 10,000 rpm by at least 10% (15% prefered) over the
factory-supplied muffler. Provide an analysis with supporting statistical data that explains how final production design
will meet or exceed low cost, weight, acoustic, and efficiency objectives in production. Provide twenty-five mufflers for
Navy test and evaluation.

PHASE III: Demonstrate production capability with the construction and delivery of 250 mufflers. Provide statistical
data assessing the acoustic and efficiency performance of at least 25 randomly selected samples. Estimate final cost of
production.

COMMERCIAL POTENTIAL: Improved low noise engine components would be welcomed by the model aircraft hobby
market since noise has been a major source of problems with residents adjoining practice flying fields.

KEYWORDS: Muffler, Noise Reduction

N02-099 TITLE: Thermal Management Techniques for Bonded Electronic Components

TECHNOLOGY AREAS: Materials/Processes, Electronics

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PMR 51— Navy Low/Counterlow
Observables Policy, Technology and Projects Office

OBJECTIVE: Develop affordable and novel high temperature resistive and thermally conductive polymeric adhesives
for bonding high-power electronic structures

DESCRIPTION: The thermal adhesive materials currently available to bond electronic components to dissimilar
structural materials may require several hours of pressure and enclave cycle time to cure, thus making the bonding
process time consuming. In addition, dissipation of sufficient heat generated by high-power electronic components via
the bonding structure is still a challenging problem that shortens the life and performance of the bonded electronic
components. Furthermore, quick setting adhesive alternatives available today that are automatically dispensable are
unable to provide the heat dissipation required of 5-6watts/mm?2 under operational conditions without premature failure.
What is sought in this technical effort is a novel polymeric high use temperature adhesive composition of matter
compatible with automated dispensing, and a process for non-autoclave cure. The results of the technical effort should
afford a new high temperature adhesive product with excellent thermal conductivity and performance in the following
criteria: flexibility under thermal cycle, high temperatures and subassembly processes, no impact in performance of radio
frequency (RF) circuitry within the electronic components, dimensional stability upon cure and final component
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production, thermal conductivity/heat dissipation of 5-6watts/mm2, electrical conductivity at 106 S/cm, and adhesion
even under hot/wet environmental, vibration, acoustic/physical shock and a variety of other environmental exposure
conditions. Clean debonding and repair/rework of the adhesive bond for hardware component replacement on a
subassembly are also of prime interest. A simplification of the manufacturing and maintenance processes as described
above will make possible the use of high-power and high density compact electronics in larger numbers and in a smaller
package.

PHASE I: In Phase I of the effort, the technical work shall require synthesis of the high use temperature conductive,
polymeric adhesive composition of matter. Polymer properties to be evaluated include: polymer purity (including metal
contaminants) by elemental analysis and molecular weight determination, full thermal analysis including, but not limited
to thermal conductivity, 2-D and 3-D CTE, and rheological behavior. Thermo-mechanical and electrical conductivity
performance at both environmental temperatures (-40&#61616;C to + 50&#61616;C) and fabrication/operational
temperatures (+120&#61616;C to 200&#61616;C), impact to RF component operations, and elevated humidity
conditions shall also be required using best practices test methods appropriate for adhesive performance evaluation. All
performance tests (e.g., pull, shear, etc.) shall be conducted using currently used adhesives and conducted in the
subassembly for side-by-side comparison and to obtain figure of merit data for the proposed adhesive systems. More
preferred approaches for adhesion tests proposed shall incorporate bonding schemes using dissimilar materials with
varying CTEs and employment of imaging, spectroscopic and predictive methods to elucidate bond failure mechanisms.
To prove bond repairability of the composition of matter, clean debond and rebond rework processes shall be
demonstrated. Products of the subject Phase I effort are data and a proof-of-concept composition of matter and process.

PHASE II: In Phase II of the effort, the technical work shall require scale-up of the Phase I candidate composition of
matter to the actual size (25 square millimeters) of the representative electronic component. Basic chemical-physical,
and American Society of Test and Material (ASTM) standardized thermal, thermo-mechanical and conductivity
evaluations shall be conducted again to assure reproducibility of performance properties in scale. In addition, isothermal
aging characteristics up to 200 hours at intended environmental temperatures (-40&#61616;C to +50&#61616;C) and at
the operational temperature shall be performed to evaluate the long term thermal aging characteristics of the adhesive
composition. During this phase of the technical effort, additional environmental performance criteria for vibration,
acoustic/physical shock, radiation and chemical-biological exposure shall be explored and evaluated with the candidate
polymeric adhesive. Additional refinement of the imaging, spectroscopic, or predictive methods cursorily employed in
the Phase I effort shall be applied to the Phase II effort. The final portion of the Phase II effort will involve the proof of
improved ease of handling during manufacture and repair processes, and compatibility with automated dispensing, using
components supplied by the Project Engineer in order to demonstrate and test the bonding capabilities of the new
adhesive composition. Products of the Phase II effort are data and the final component assemblies provided that
incorporate the improved adhesives.

COMMERCIAL POTENTIAL: The commercial electronic industries seek new thermally and electrically conductive,
dimensionally stable adhesives for bonding electronic components to component substrates which also are
environmentally durable and assembly process robust. Some of the current failures in interconnect technology bond
integrity may involve the accelerated aging and resulting failure of the component adhesive bonds with exposure to very
high temperatures.
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N02-100 TITLE: Innovative Reverse Engineering Protection for Software

TECHNOLOGY AREAS: Information Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PMR 51- Navy Low/Counterlow
Observables Policy, Technology and Projects Office

OBJECTIVE: Develop Usable and Novel Approaches to Protecting Software from Reverse Engineering

DESCRIPTION: With the prolific use of commercial processors and other electronic programmable hardware, software
becomes the true differentiator in terms of the capability and performance of a system. Thus the development of unique
software algorithms or the use of specific and sensitive software data parameters are some of the features that must be
protected in order to maintain a warfighting advantage over ones opponent. In addition, the development of such highly
capable and sensitive software is a very expensive endeavor. And as a result, there is a growing interest by many to
reverse engineer compiled software in order to save hundreds of millions of dollars and save time in terms of research,
development, and fielding. By exploiting the ability to reverse engineer software, an opponent can gain a military or
competitive advantage with a new capability that they otherwise would not have. In essence, an opponent can make giant
leaps forward, advancing their capabilities by years and in some case by decades and thus negate the efforts made by the
original software developer. Thus it behooves the original software developer to apply methods that will greatly impede
or negate the ability to reverse engineer their code and to exploit sensitive algorithms and data.

PHASE I: In Phase I of the effort, the technical work shall require development of an approach that uses a combination of
methods, techniques and procedures for a software obfuscation system, also referred to as a software protection system.
Also, to be developed is a model that predicts the level of protection provided based on the identified commercial
programming languages to be used, the identified commercial computer/processor to be used, lines of code, and other
relevant features. This obfuscation system would protect the original software application to the point that will make it so
cost prohibitive and so time consuming to reverse engineer that the code is virtually irreversible. Obfuscating features to
be evaluated include: ease of implementing this capability into an existing software application, impact to the
performance of the software application, size and reliability of the original software after obfuscation, ability to reverse
engineer the code, and innovativeness of the obfuscation methods applied. All performance tests shall be conducted using
currently used obfuscation methods and the original software application for side-by-side comparisons and to obtain
figure of merit data for the proposed obfuscation system. More preferred approaches for obfuscation tests proposed shall
incorporate quality tests such as: compile and obfuscation time, defects count, run time impact, ability to debug code,
code size, etc. Products of the subject Phase I effort are data, predictive models of level of security and a proof-of-
concept application of an innovative obfuscation system. In accordance with reference 1 below, the Government shall
own or restrict all data rights associated with anti-tamper techniques developed under this Phase.

PHASE II: In Phase II of the effort, the technical work shall require scale-up of the Phase I candidate obfuscation system
to an actual software application, supplied by the Project Engineer, consisting of at least 50,000 source lines of code.
This software will undergo the compile and obfuscation process. The same best practices software test standards and
metrics from Phase I shall be used in these evaluations to assure reproducibility of performance properties in scale. In
addition, the executable code will be given to a third party for their evaluation and for them to attempt to reverse engineer
the code. During this phase of the technical effort, additional performance criteria are time to reverse engineer the code,
amount of information or data gained from reverse engineering, re-usability of reversed engineered code. The final
portion of the Phase II effort will involve the proof of ease of inserting this capability into existing software processes.
Products of the Phase II effort are test data and the final obfuscated executable code that was produced using the
aforementioned innovative obfuscation system. In accordance with reference 1 below, the Government shall own or
restrict all data rights associated with anti-tamper techniques developed under this Phase.
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COMMERCIAL POTENTIAL: Commercial software industries seek new intellectual property protection methods that
can be applied to protect investments in their software products and to ensure adequate profits and adequate return on
investments from the sale of these software products. Some of the current failures in software protection technology may
involve the short term protection from reverse engineering and thus shorten or eliminate the time needed by a company to
recoup its investments in a product.

REFERENCES:
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NO02-101 TITLE: Automated Verb Sense Identification

TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Develop an automated software system that recognizes verb phrases in machine-readable written text and
identifies the proper meaning or “sense” of the main verb.

DESCRIPTION: Most of the verbs in the English language have multiple meanings or senses, depending on their
context. While humans usually have little trouble discerning which sense was intended by the speaker or author,
computers have considerable difficulty. The purpose of this project is to develop algorithms that can correctly choose
which sense of a verb is correct given its context. We will use a standard set of verb sense categories, such as found in
Princeton’s WordNet lexicon. We will limit the scope of this project to those verb senses related to political and military
activity, but we will develop a system that can be expanded to other domains.

Humans use multiple cues to determine the correct sense of a verb in context, often augmented by significant background
knowledge. Much of this effort will be focused on determining the features of the text that will consistently provide the
most effective cues to a computer.

PHASE I: Identify and obtain a currently available parser that will accurately identify verb phrases in text. Investigate
the features of sample texts to find those most useful for properly assigning verb sense. Evaluate the scope of the task to
determine a feasible domain for Phase II.

PHASE II: Develop and deliver a prototype application that will properly identify the “sense” of the main verbs in a
body of sample texts drawn from the real world. The application should produce an XML valid reproduction of the
original text which inserts the sense of the main verb as an attribute of the XML tags for each verb phrase.

PHASE III: Incorporate technology into JWAC or other DOD information extraction systems.

COMMERCIAL POTENTIAL: The technology developed here could be incorporated into a wide variety of natural

language processing tools for use in information extraction, indexing, automatic summarization, and machine translation
applications.
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KEYWORDS: Linguistics, Natural Language Processing, Information Extraction

N02-102 TITLE: Enhanced Visualization of Modeling and Simulation Processes

TECHNOLOGY AREAS: Information Systems, Human Systems

OBJECTIVE: Enable analysts to visualize the spectrum of processes used to perform analysis using a wide range of
models and simulations (M&S).

DESCRIPTION: Analysts use M&S across a wide range of subject areas and at varying levels of detail. These M&S and
their operating environments are generally not suitable for taking advantage of the full range of human cognitive
capabilities. The ability to conduct analysis can be greatly enhanced by using environments which enable the analyst to
“see” the M&S as they are built and iteratively manipulated. Models are constructed and simulations are populated from
diverse data streams, including databases, text, images and graphics. Some of this data input is done using automated
techniques and some is “fat-fingered.” In most environments the M&S cannot be viewed until all steps in the
construction process are completed. Sometimes, even at that point, the M&S cannot be “viewed” or are cumbersome to
view. Additionally, as the M&S are run for various functional and operational scenarios it would be useful to directly
observe them as they respond and transition to new end states. The end results of the various M&S runs also need to be
visualized in order to provide the analysts and, ultimately, the decision-makers they support, with insight into the
problem space being analyzed. This end product visualization will enable better understanding of the M&S results and
aid in the evaluation of competing courses of action.

PHASE I: Develop a conceptual architecture for an operating environment to support the visualization of different types
of M&S in their stages of construction and manipulation.

PHASE II: Develop a prototype capability to enable visualization of M&S processes in various operating environments.
Provide a demonstration of this prototype capability in order for analytic review and assessment of visualization
capability in various operating environments.

PHASE III: Provide packaged visualization products capable of being tailored to numerous M&S environments.

COMMERCIAL POTENTIAL: This capability could be used in any M&S environment requiring the population and/or
construction of models and/or simulations and their subsequent usage in analytic processes.

KEYWORDS: Visualization, Model, Simulation, Analysis

NO02-103 TITLE: Complex Network Route Analysis System

Due to the events of September 11, 2001, this topic is no longer offered.

SPACE & NAVAL WARFARE SYSTEMS COMMAND (SPAWAR)

N02-104 TITLE: Daytime Electronic Stellar Imaging

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: PMW/PMA-156: GPS NAVWAR Program — GPS
Integrations
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OBJECTIVE: Develop a high dynamic range electronic imaging system for imaging and resolving individual stars
during daytime with sufficient accuracy to enable Automated Celestial Navigation (ACN) systems.

DESCRIPTION: The Navy relies heavily on the Global Positioning System (GPS), which is the best navigation system
for worldwide, day-and-night position determination. However, it is well known that GPS signals from space are subject
to jamming that may render the GPS system ineffective for some periods of time. The Navy’s Balanced Navigation Plan
calls for the development of alternate methods of navigation to mitigate this vulnerability.

The development of an ACN system would provide an alternative to GPS that is invulnerable to jamming and completely
independent of man-made constructs such as satellites and transmission stations. In order to be viable as a complement
to GPS, such an ACN system must provide accuracies comparable to other modern navigation systems. This requires
imaging individual stars with angular resolutions on the order of 3 arcsec or less, exposure times on the order of 100 ms
or less, both day and night.

The development of current Charge-Coupled-Device (CCD) arrays has been driven by the commercial market for digital
cameras. Such microelectronic devices consist of arrays of sensors on a chip yielding up to a few million pixels. Current
devices don’t have the required sensitivity or dynamic range to image stars in the presence of strong scattering of visible
light in the daytime sky. Alternative systems are made using CMOS silicon devices. This topic calls for the
development of new electronic sensor arrays that could be based on current CCD or CMOS technology, or use a
completely different approach and technology. The preferred spectral region would probably be the near infrared. The
goal is a microelectronics-based array of sensor elements that would be mounted in the focal plane of a camera. An
electronic readout would then provide a visual and digital image of the field of view. Ideally, the field of view of such an
optical system should be at least 3 degrees.

PHASE I: Conduct an assessment of the field of electronic sensors. Quantify the optical requirements needed to image
stars in daylight applying whatever digital signal processing and optical filtering that might be required. The spectral
window of operation could be adjusted to match the characteristics of the sensor array over a broad range from the near
infrared to longer wavelengths. Determine a reasonable approach to develop such a sensor array with the required
sensitivity and dynamic range to image stars by daylight at reasonable data rates for shipboard use.

PHASE II: Develop a prototype electronic imaging array for testing and evaluation. Such a prototype should be
fabricated in an array of at least 100x100 pixels and characterized for resolution, sensitivity, and dynamic range. This
phase calls for actual fabrication of prototype sensor arrays. The arrays should be evaluated, and their optical
performance compared to expectations and to the requirements deduced in Phase 1.

PHASE III: Transition this R&D effort into a commercially viable product. In addition to the primary goal of an
Automated Celestial Navigator, prototype devices should be configured for use in law enforcement and other surveillance
applications.

COMMERCIAL POTENTIAL: The continuing development of electronic imagers should have many applications in the
commercial markets. In addition, imagers sensitive in the infrared portion of the spectrum would have numerous

applications in crime fighting, drug surveillance and interdiction, and home and business intruder-detection systems.

KEYWORDS: Alternate Navigation, Celestial, Electronics, Cameras, Surveillance, Detection, Infrared, Night-Vision,
NAVWAR, GPS.

NO02-105 TITLE: Advanced Doppler Processing

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMW-182 Mobile Surveillance Systems

Navy - 125



OBJECTIVE: The SURTASS/LFA ORD and MNS specify processing and display requirements for on board detection,
classification, localization and tracking of threat targets. These requirements form the basis for the development of TX
shipboard processing and display upgrades. The objective of this SBIR Topic is to Develop waveforms and processing
techiques to improve the ability of the Surveillance Towed Array Sonar System (SURTASS) to exploit target Doppler
(i.e., speed related information). SURTASS, depicted in the below figure, is a critical Navy asset which has the
responsibility for detection of threat submarines. The objective of this topic is to increase the probability of detection by
exploiting target Doppler. This will require the development of advanced signal processing algorithms using real data
and a physics-based development processed.

DESCRIPTION: Doppler shift is an important means of distinguishing between the echoes of moving targets and those
from non-moving clutter. However, slow-moving targets (such as diesel-electric submarines) are often lost in the "ridge"
of near-zero Doppler clutter. The Navy needs waveforms and processing techniques that improve the ability of
SURTASS to exploit near-zero target Doppler thereby increasing the probability of detection of a target.

PHASE I: Develop waveforms and processing concepts to reduce the target masking caused by the near-zero Doppler
ridge. Demonstrate their feasibility by processing recorded sonar data.

PHASE II: Develop a prototype based on the concepts developed in Phase I and demonstrate its performance in an at-sea
experiment.

PHASE III: Integrate the waveforms and processing techniques into selected Fleet hardware and demonstrate at sea.

COMMERCIAL POTENTIAL: Improved low-Doppler exploitation could be important for commercial air traffic control
radars (detecting aircraft on the runway), or in medical ultrasound.

REFERENCES:

1. "Doppler-sensitive active sonar pulse designs for reverberation processing," by T. Collins and P. Atkins, IEE
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NO02-106 TITLE: Sensor Multi-statics Planning Tool

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II and IV: PMW 182 Mobile Surveillance
Systems

OBJECTIVE: Develop techniques for rapid, robust, nonlinear optimization of placement and usage of off-board acoustic
and RF sensors and sources in the battlespace.

DESCRIPTION: In order to provide better surveillance coverage of the littorals, the Navy is considering augmenting on-
board sensors with remote, off-board autonomous and semi-autonomous (operator-in-the-loop) sensors and sources in
both fixed arrays and on autonomous, mobile platforms. The detection performance of a set of sensors is dependent upon
not only their correct placement, but also on their ability to survive. Determining the optimal targets, coverage,
deployment and subsequent repositioning of a moving multi-static system is a complex, time-varying, and
computationally intensive problem. The Navy needs an automated planning tool to help operators optimally deploy and
manage such a surveillance system. Additionally, this sensor planning tool must be able to display limited
interoperability with sensor data collection and data interpretation tools or systems.
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While some research has been conducted to date in underlying associated technologies that may satisfy portions of this
requirement, insufficient work has been accomplished not only in the development of smart, complex adaptive systems or
sensors, the adaptive resource management of those systems or passive sensors, but particularly in the tools required for
the operator to provide oversight and govern the behavior of those systems or sensors to ensure platform or sensor
synchronization and performance. Current state of the art technology and research includes only portions of that which is
required for development of the necessary tools. For instance:

a) Computational ocean acoustic modeling to predict detection coverage of a group of sensors given their positions
(reference [1])

b) Nonlinear inversion techniques to choose the sensor positions that optimize detection coverage (references [2], [3], [4]
and [5])

c) Use of the Dempster-Shafer theory of Mathematical Evidence to provide structure and reason based on partial
evidence in order to characterize and classify signals or emissions (reference [6])

d) Development of a fuzzy logic based Electronic Attack resource manager to allocate resources distributed over
dissimilar platforms (reference [7])

Additionally, further innovation is needed to dramatically improve upon current algorithm speed and robustness. For
example, due to the substantial computational complexity of the problem, similar nonlinear inversions require as much as
30 hours of computation time (reference [8]). In addition, some algorithms may be sensitive to mismatch between the
actual and modeled atmospheric or ocean environments. Accordingly, under this topic participants will develop robust,
rapidly converging nonlinear inversion algorithm(s) that exhibit reduced sensitivity to environmental mismatch and are
capable of optimizing sensor placement in near-real time. Finally, several other valid issues will need to be addressed for
this topic: sensor or grid latency and information latency; coordinated or synergistic approaches to tasking especially
given a heterogeneous sensor mix; de-conflicting tasking or sensor assignments; prioritization of sensor response to
either the actual controller or to/among companion sensors; collection or discovery of information from sensors and
determining/selection which information must be forwarded.

Research should proceed according to these three phases:

PHASE I: Design the architecture for a robust multi-static planning tool for a moving constellation of autonomous or
semi-autonomous sources, sensors and receivers in a time-varying atmospheric (RF) and oceanic (Acoustic) environment.

PHASE II: Develop DII COE-compliant (minimum Level 5, goal of Level 7) software tools for predicting and optimizing
the placement, detection performance, and subsequent reallocation of a constellation of off-board autonomous or semi-
autonomous sensors and sources. Demonstrate the tools' performance in a simulated or controlled environment that
utilizes multiple sensor types, demonstrates operations in several naval mission areas, and which can interface with data
collection and data interpretation systems.

PHASE III: Deliver and conduct At-sea demonstration of a GCCS-M Multi-statics Planning Tool software segment.

COMMERCIAL POTENTIAL: A tool for optimizing the locations and maneuvers of multiple moving platforms and
sensors would be of significant commercial interest in such industries as package delivery, security and transportation, as
well as in local governmental services such as police, ambulance and fire protection.
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Parsi, R. Franciose, SPIE 15th AeroSense Symposium, Conference 4396, 2001.
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NO02-107 TITLE: Fiber Optic Interconnect Technology

TECHNOLOGY AREAS: Materials/Processes, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT II: PMW 183, Advanced Deployment System
Program

OBJECTIVE: Develop a small, low power, high-bandwidth optical terminus that serves to transfer data between
undersea fiber optic cables and undersea platforms.

DESCRIPTION: Undersea surveillance systems typically use fiber optic cables on the ocean bottom to bring acoustic
and magnetic senor data back to a fixed shore site where it is processed and analyzed. The topology of these fiber optic
cable systems can be quite varied and the lengths of the cable span can potentially be several thousand kilometers in
extent. Currently, the sensor information contained in these cable systems cannot be accessed by undersea platforms
(UUV, submarines, etc.) that are in the vicinity of the sensors or the cables. A low power terminus can be integrated with
the fiber optic to provide a tap point where the information can be transmitted to undersea platforms. A splitter would
provide be placed in the surveillance cable so that data could be directed to the terminus. The terminus need to provide a
non-physical connection to the undersea platform because of constraints on platform station keeping. It is envisioned that
optical transmissions (i.e., blue-green wavelength) between the platform transceiver and the terminus will be used to
authorize access, identify and maintain transmission direction, synchronize data transfer between the terminus and the
platform, and terminate the connection upon platform demand. fiber optic cables for surveillance purposes may not have
power conductors along the cable so the terminus is required to be battery powered. Low power operation, both in stand-
by mode and while actively transmitting data, is important to keep the package size of the terminus small.

PHASEI: The contractor shall develop the architecture and proposed design for an underwater optical terminus that is
integrated to a fiber optic, surveillance cable. The architecture and design should encompass command capability for
controlling the free-space optical link and beam directivity. The architecture and design should identify the transmission
protocols and consideration of guaranteed access of service. Some parameters that should serve as goals are: 1-year
lifetime with battery power, power usage of 10 watts or less, standoff/reception range to the undersea platform of greater
than 30 meters, data transfer rates of several Mbps or greater, and operating water depth of several hundred meters.

PHASEII: The contractor shall develop a laboratory prototype for the critical components of the optical terminus. The
laboratory prototype do not need to be demonstrated as a complete unit. However, critical technologies that demonstrate
the synchronization (point and track) between source and receiver, the transmission and reception of data, and the
anticipated power budget and packaging size for the prototype need to be present.

PHASE III:  The contractor shall develop an optical terminus that can be integrated into an Advanced Deployable
System (ADS) Development Verification Test (DVT). The contractor would be responsible for the development and
delivery of the optical terminus and the platform transceiver. A participating surface ship would deploy the transceiver
and remain tethered to the transceiver. The terminus would be integrated with an ADS cable that is carrying OC-1 optical
telemetry. The terminus would receive the OC-1 telemetry and strip out null cells before preparing the lower bit rate data
for transmission to the platform transceiver. The contractor and ADS program personnel would jointly work on
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integrating and deploying the optical terminus. The successful demonstration of the terminus would lead to the
incorporation of the unit in ADS's Phase IIl TECHEVAL and OPEVAL.

COMMERCIAL POTENTIAL: Free-space fiber optic terminus devices would be useful to the fiber optic
telecommunications industry. A general capability terminus could be used for maintenance monitoring on undersea
cables and for direct, free space, optical links in urban environments.

REFERENCES:
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NO02-108 TITLE: Real-Time Adaptability to the Dynamic Tactical Network

TECHNOLOGY AREAS: Information Systems, Sensors, Weapons

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT I: PMW-159 Advanced Tactical Data Link
Systems

OBJECTIVE: Investigate smart software technology to provide real-time adaptability to wireless networks.

DESCRIPTION Increased demand on wireless networking has fueled a demand for rapidly adaptive networking
architectures. Current static methods of setting up network architectures will not support evolving operations and rapid
buildup of forces in a theater. As the number of tactical platforms increases, the need to be able to dynamically modify
wireless networks is necessary to meet evolving changes within a theater of operation. The joint service War Fighter
community has identified requirements for dynamically adjusting and reallocating capacity among all platforms. Without
a dynamic network management capability, the War Fighter will not be able to fully utilize the capability of intra-battle
group assets and will be unable to support Navy Theater Wide and strike warfare operations.

The capability is needed to engage high-value Time-Sensitive Targets (TST)/Time Critical Targets (TCT) at standoff
range. To satisfy this needed capability the information that is shared with the appropriate platforms must be consistent,
accurate and timely. This evolving Dynamic Tactical Network (DTN) is a good solution for the short and mid term.

However, adversary nations are rapidly acquiring and integrating into operational commands, highly lethal weapon
systems at an alarming rate. To be one step ahead of our adversaries the DTN must not only be fully automatic but must
“know” the type, degree and category of information and what Electronic Counter Measures (ECM) to defend against.
The speed to accomplish the above is significantly faster than the typical human reaction time. Smart software
technology will be a good solution for this problem. Designing smart learning systems using neural network or other
technology-based adaptive learning algorithms is obtainable. Instead of being given a step-by-step procedure for carrying
out the desired transformation, the neural network itself generates its own internal rules governing the association, and
refines those rules by comparing its results to the examples. Through trial and error, the network literally “learns” by
itself, in real-time to find optimum solutions. For example, the “network System” can “learn” if any changes occur in the
operational environment and adapt the Tactical Network accordingly. Applying generic learning algorithms (or other
smart software technology) to tactical networks, such as Link 16, will provide the capability needed to support Time
Critical Strike requirements.

PHASE I: Investigate and identify adaptive learning algorithms that show the most promise in developing a software
solution that will provide the capability to vary the tactical network's operations parameters
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PHASE II: Develop, test, and demonstrate under realistic conditions the most promising techniques. Validate through
certified laboratory and field testing. Provide a cost estimate for future follow-on development. Where it can be done
economically, with non-SBIR funding, comparisons of the SBIR-developed technique with other available developments
shall be performed.

PHASE III: Appy the software to Link 16 terminals. Demonstrate the developed capability through operational tests.

COMMERCIAL POTENTIAL: Neural Network and adaptive learning technology can be applied to wireless
communications, real-time processing, sensors, speech recognition and image processing. Airlines, Banks, and other
commercial industries would benefit from this technology.

REFERENCES:
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2. Haykin, S. (1994), Neural Networks: A Comprehensive Foundation, NY
3. MIL-STD-6016

KEYWORDS: Link 16, MIDS, JTIDS, Time Critical Strike, Time Sensitive Targets, Dynamic Networking

NO02-109 TITLE: Broadband / Reconfigurable Communication Antenna Designs for X Through Q Frequency
Bands

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics
DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMW173-31 Submarine Communications

OBJECTIVE: Develop and demonstrate a communications antenna technology, which can operate across the frequency
range of X to Q bands and that, can be projected to be suitable for submarine application. Future submarine antenna
systems will be required to operate over multiple frequency bands and due to limited volume will consist of one or more
antennas subsystems integrated in a multifunction antenna system. Antenna technology proposals can use any currently
available or new technique that will make it able to provided multi/broad band perorations spanning the X to Q bands.
Priority will be on multi/broad band functionality per unit volume/weight of technology allocation, which satisfy
submarine environmental issues.

DESCRIPTION: The submarine communications antennas operate in a wide range of frequencies and cover both
military and civilian bands. Communication takes place in the forms: submarine — submarine, submarine — land station,
submarine — satellite. The submarine antennas require high gain over the whole range of frequencies. This can be
achieved by reconfiguring the antenna, so it is optimized for each band of operation. The proposed antenna must fit
within a restricted available space. As current technologies, such as active phased arrays, drive a spatially federated
multi-band antenna solution, the proposed technologies would enable performance improvements by supporting reuse of
the same antenna space for multiple frequency bands. The available space is an important factor to the whole design. In
addition, a submarine antenna operates within other constrains such as temperature, shock and vibrations and water
pressure.

PHASE I: Develop a communications antenna that can operate across the X to Q bands. Clearly state the method or
methods used. Provide a feasibility study. Provide simulation models that predict the antenna behavior.

PHASE II: Fabricate a technology component prototype that will be tested. The prototype must be designed with the
mechanical and electrical constrains of a submarine in consideration. The simulation and experimental results must be in
agreement and demonstrate concept feasibility both in technical performance and potential suitability for submarine
application.

Navy - 130



PHASE III: Develop a submarine technology demonstration of the new antenna technology prototype under realistic
submarine operating stresses. Develop a technology development proposal for transition of the technology to support the
production of the new antenna technology. Technology risk reduction and suitability of technology for consideration for
insertion to submarine antenna systems is the desired exit criteria of this phase.

COMMERCIAL POTENTIAL: The development and implementation of methods and techniques to the realization of a
broadband / Reconfigurable antenna will have commercial potential as the same or similar methods and techniques could
apply to existing antennas or the same antenna itself could be used.

REFERENCES:
1. Kim, C. John and Eugen I Muehldorf. Naval Shipboard Communication Systems. Prentice Hall. 1995.
2. Law, E. Preston. Shipboard Antennas. Second Edition. Artech House. 1986.

KEYWORDS: Antennas, Broadband Antennas, Reconfigurable Antennas, Communications Antennas

NO02-110 TITLE: Compact, High-Reliability, and Low-Maintenance Cryogenic-Temperature Cooler

TECHNOLOGY AREAS: Materials/Processes

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III/IV: PMWI173-31 Submarine
Communications

OBJECTIVE: Develop a compact, high-reliability, low-maintenance cooler suitable for the continuous cooling of
electronic High-Temperature Superconductor (HTS) components (1 to 3 watts) to a temperature of 77K within a
submarine antenna mast or periscope.

DESCRIPTION: High-Temperature Superconductor technology on-board a U. S. Navy submarine could be used to
increase satellite communication system capabilities by implementing very high performance components such as
extremely-selective RF filters, very quiet Low Noise Amplifiers (LNAs), and very high-speed RF analog-to-digital
conversion. Although some potentially suitable HTS semiconductor hardware is available, a refrigeration device capable
of providing reliable 77K cooling — within the constraints of the submarine environment — is not. In this type of RF
application, the HTS components are usually mounted as closely to the antenna as possible. In a submarine application,
the HTS hardware and the refrigeration unit need to be co-located within an antenna mast or periscope.

Very tight physical constraints are imposed upon a cooler that will be mounted within an antenna mast. It must be
installed within an eight-inch (inside diameter) tube, which typically contains top-to-bottom vertical components such as
waveguides, power conductors, and mounting rails; therefore, the cooler's components must be small, and they must
allow flexibility in placement. Excess heat must be dissipated by conduction, liquid cooling, or a heat pipe device;
ambient or forced-air cooling solutions usually cannot be implemented within this environment. This cooler cannot
generate any vibration that could be conducted through the antenna mast as acoustic noise. Since it is mounted within the
antenna mast, no special operator procedures or maintenance can be performed on this cooler unless the mast is
dismantled for repair.

The capacity of this cooler should be 1 to 3 watts, with a maximum of 100 watts power input at 80C. Mean Time
Between Failure (MTBF) should be greater than 15,000 hours; no scheduled maintenance should be required; and no

prohibited materials may be used.

Consideration must also be given to potential production costs; short cool-down time, and the ability of the unit to
survive the extreme underwater explosion shock requirements for submarine platforms.

PHASE I: Define requirements through interface with the Navy submarine fleet and communications engineers; design
the architecture; and demonstrate the operation of critical components in laboratory bench test.
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PHASE II: Build and test a working prototype of the system proposed in Phase I in a laboratory -- simulating the thermal
environmental characteristics of a submarine mast. Characterize the cooling
performance and MTBF capability.

PHASE III: Build, test, and install systems onto submarine platforms. Support operational testing.

COMMERCIAL POTENTIAL: The cooler described in this topic would find many applications in military applications
(communications, electronic warfare, and surveillance); commercial communications applications (e.g., eliminating in-
band interference and increasing the operational area of wireless base stations; and increasing bandwidth usage efficiency
of satellite and terrestrial links by employing extremely steep selectivity in receiver filters); and computer microprocessor
speed enhancement.

REFERENCES:
1. R.Ross, Cryocoolers 10, Proceedings of the International Cryocooler Conference, Plenum Press, New York, 2000.

KEYWORDS: High Temperature Superconductors, HTS, Cryogenic, Cooler, Refrigeration, Cryocoolers, 77K, Pulse
Tube, Sterling, Submarine, Communications

NO02-111 TITLE: Automatic Feature Evaluator (AFE)

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMW189 — Naval Electronic Combat
Surveillance Systems

OBJECTIVE: Cryptologic systems have the requirement to reduce manpower requirements through automation and
knowledge management. Actionable intelligence is derived from high-density Radio Frequency environments primarily
composed of undesired energy. Intelligence mining requires many time consuming analytical processes that must be
automated to free analysts to produce timely Indications and Warnings and Force Protection. This objective of this topic
is to automatically evaluate “feature sets” for new classes of interest. This process must be automated using artificial
intelligence to produce the desired expert system.

DESCRIPTION: Certain Navy sensors measure and report a set of features that characterize the energy being sensed
from an object. These reports are compared against previous reports in order to ascertain that the current energy is from
the same object as in a previous report. This process is sometimes called target re-acquisition. The process is
complicated, however, by the fact that the features that should be used depend upon the class of the object —e.g., class of
ship, boat, or plane. If there are, say, ten features, features numbers 1, 2, and 5 might be useful for one class and features
2,5, 6, and 10 for another. It has been found that each feature is important for some class, but that for no class are all
features important. The sensor, of course, does not know the class and so reports all features. Using all available features
for any given class has been found to degrade target re-acquisition algorithms. The problem is to determine which
features will most likely be useful for a new class. To do this, one must first determine how many clusters there are in the
feature space for the class. This determination is currently an analyst-intensive process. A subject matter expert will pour
over reports known or assumed to be from a new class and will estimate which features are important and which are not.
With the reduced number of Navy analysts and the expanded range of objects with which they must deal, this is no
longer an option.

The sensor algorithms and the sensed object are not always as well behaved as an algorithmist might wish. Some of the
features are continuous variables, some discrete. For each of the former, the sensor will also report a standard deviation
of the measurement. Consecutive reports about one object may have differences in the reported measurements and the
associated standard deviations. The differences may be caused by non-Gaussian noise, may be caused by the sensed
object itself having a multi-modal distribution, or may be caused by sensor algorithms not processing the data properly.
Finally, feature measurements are often missing or incomplete, due to excessive noise or interference.
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The AFE will be a DII COE software segment within the Cryptologic Unified Build (CUB) software baseline. This topic
will address technology between maritime sensors and the intelligence producing analysis and management support
system for the Ship’s Signal Exploitation Equipment (SSEE) program.

PHASE I: Research clustering algorithms to deal with: 1) an unknown number of clusters; 2) clusters with sizes differing
both in number and statistical distributions; 2) sample sets in which only some samples have identification labels, but not
necessarily correct labels; 3) a high percentage of missing feature data; and 4) computational efficiency. Review and
evaluate methods of evaluating the individual features and graphically displaying results to an operator, generally one
with a high school education. Since there are possibly ten dimensions to be displayed, we anticipate that the analysis
would lead to: 1) determining circumstances under which three features would be sufficient; 2) determining that at most
three eigenvectors would be sufficient; or 3) developing a method of visually and easily viewing the ten-dimensional
feature space two or three dimensions at a time. The goal of Phase I is to identify the algorithm or algorithms which
would best handle the sensor data under consideration.

PHASE II: Develop, evaluate, and demonstrate the algorithms selected from Phase I. Estimate computational efficiency
and convergence properties. Test the algorithms using: 1) historical data which has previously been analyzed by a subject
matter expert; and 2) operational data which had not previously been analyzed. Evaluate the robustness and consistency
of the algorithms by repeated testing using sample sets with modified measurements or labels. Demonstrate that the AFE
could perform at least as well as an experienced Navy analyst. The demonstration will be in the context of the
Cryptologic Management and Analysis Support System of SSEE Increment E.

PHASE III: Integrated the AFE DII COE CUB segment to SSEE baseline.

COMMERCIAL POTENTIAL: Other DoD services and national agencies also have automated sensor systems,
potentially high volumes of intercept reports, and limited manpower for analysis. AFE would be of interest to the Army,
Marine Corps, Air Force, and the deep water Coast Guard. The AFE could also be useful for any company that collects
and wishes to use information on, say, customers but which does not always collect the name or other identifier of the
customer. The information that is useful for customer re-identification could depend on the class — e.g., age, vocation,
and education — of the customer. The AFE could be used to evaluate which data fields might best be used to associate the
current, unnamed, customer with those of previous visits.

REFERENCES:

1. Numerous textbooks and journal articles on pattern recognition and expert systems address many of the relevant
subjects, but none addresses the combination needed here.

KEYWORDS: Clustering, Expert Systems, Feature Space Partitioning, Composite Classifiers, Dynamic Modeling,

Target Re-Acquisition

NO02-112 TITLE: Smart Signal Parser (SSP) and Actionable Intelligence Extraction (AIE)

TECHNOLOGY AREAS: Information Systems, Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III: PMW 189- Naval Electronic Combat
Surveillance Systems

OBJECTIVE: The decision process inherent in acquiring knowledge and deriving actionable (relevant and timely)
intelligence based on classic, manual communications intelligence is daunting and clumsy when applied to dense
communications environments found in the littoral battlespace. The objective of this task is to develop a rules based
agent, the Smart Signal Parser (SSP), to sort and assign recognized signals of interest (SOI) to processing agents
designed to automatically extract timely and relevant knowledge and intelligence. Another functionality of this rules
based intelligent agent, termed Actionable Intelligence Extractor (AIE), will automatically produce actionable
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intelligence products and tactical knowledge from the internals of parsed digital, voice or computer-computer messages.
Multiple AIEs (assigned to different SOI “sub-sets”) will interoperate (combinational problem solving) to combine and
relate information from all signals (message internals) as a total group in order to produce the desired actionable
intelligence. The results are based on Key Decision Factors (KDF), which are established by the user representing
his/her actionable intelligence needs, and on the rules based actionable intelligence extraction processes. For example,
KDFs could address intelligence of interest such as intentions, location, movement, size of group, readiness, plans,
vulnerabilities, etc.

DESCRIPTION: To be successful in extracting select, high-value actionable intelligence from high-density Information
Warfare signal environments while reducing manpower requirements, Cryptologic intelligence collection systems must
have a high degree of automation at all stages of processing. These systems, whether military (Navy, Army or Air Force)
or civilian (FBI, DIA, police, etc.), all have considerable similarity. They search, detect, Direction Find (DF), recognize
signals of interest. In the next stages of processing, they produce meaningful text, voice, etc from which the message
information is determined, usually by an analyst who produces a report. In wideband systems, the end-to-end process is
performed automatically. In narrowband systems, much is done manually. However, regardless of whether the system is
wideband or narrowband, actionable intelligence and knowledge extraction is largely a manual, often separate process,
which is seldom timely and often not completed. To the tactical commander or agent/officer in the field, this is
unacceptable.

The SSP will address signal parsing/sorting but also provide the automatic control necessary for knowledge extraction
and knowledgebase management. The Phase I design process and Phase II prototyping will produce a capability
incorporating multiple techniques/algorithms and rules, including expert rules, in order to extract the desired
intelligence/knowledge. Timeliness needs will be served by taking advantage of automated initial indications monitoring
and smart processes/decision making in order to quickly cull the problem set. In addition, parallel processing will be
used to hasten results. Parallel processing and client-server designs of many current cryptologic systems will facilitate
this approach.

The Actionable Intelligence Extractor (AIE) provides, for each signal class, the final automated processing stage. The
AIE will automatically associate internal (message) information, including voice, digital (text) and computer-to-computer
information. This will be achieved for these types of signals by searching through message contents and correlating pre-
established characteristics and/or information using algorithmic techniques. The task lies in managing a large problem set
(many signal classes, numerous KDF) and the differing characteristics of the incoming raw data (low level
data/information). Problems due to noise, message structure differences, processing time-bandwidth in order to extract
and “compose” the desired actionable intelligence products and “tactical” knowledge. To this end, numerous processing
techniques should be employed by the AIE (i.e. heuristic search, symbolic or statistical reasoning, filtering, game theory,
distributed intelligence, domain knowledge based expert processing, learning systems, language process techniques, even
qualitative and quantitative analysis) and allocated dynamically (by the SSP) to message “sub-sets”. The "sub-sets"
processing assignment is determined by the SSP and is monitored and re-evaluated based on measured success criteria.
And the dynamics of the changing signal environment will require dynamic change in techniques applied to the total
problem. Algorithms will be developed to determine the processing assignment (match problem "sub-sets" to best-fit
solution method) and optimize the processing path through the “decision tree” (best problem logic path to follow
considering all active "sub-sets"). Key to the model is to be able to measure the instantaneous problem set size and
composition (based on the number and type of SOI recognized) in order to be able to properly parse the problem set and
properly assign best fit processing solutions (not a single processing approach as is classically done) and processing
resources. Multi-hypothesis analysis and testing will assist in this determination.

The AIEs will automatically combine message (internals) information with similar information/actionable intelligence
extracted by other AIE processes (e.g. for other “sub sets™) to associate relevant extracted intelligence, and consequently
compound it, based on assigned KDFs and processing rules. The result is a composite set of information comprising the
desired actionable intelligence sought and including recommendations for action. Recommendations for action are based
on pre determined and approved actions, decided upon by higher authority in advance, and implemented only if
intelligence warrants (e.g. Rules Of Engagement, agency policy and procedures, etc)). Relationships, or “information
sets” will be constructed according to message contents and their associations (e.g. trends, statistics, speaker,
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associations, pattern recognition/transformations, dynamic inferences, activity [usage, time, durations, position/motion],
etc). Rules, algorithmic solutions and initial KDFs, including a standard format, will be constructed to operate on
collected SOl internals. Statistics will be collected to measure solution quality and confidence. Solution “outliers” will be
dropped and used to adjust the process to minimize errors and maximize solution confidence. Associated with the
resulting actionable intelligence or knowledge produced, an action may be recommended. During development, statistics
will be a key tool in tuning algorithms and rules.

PHASE I: Define Signal Of Interest "sub-sets" or families. Define processing rules (static initially, then expert) and
allocate to SOI “sub-sets”. Develop or select/evaluate algorithms for applicability, accuracy, speed, solution quality,
suitability, match, etc. in order to establish SOI “sub-sets” applicability. Define candidate KDFs. Define statistics to be
collected. Define the high-level functional requirements and functional relationships (interfaces) incorporating the SSP
and AIE functions with other host system functions and architecture. Determine SSP and AIE lower level functional,
interface and performance requirements and integrate all requirements analyses. Acceptable tools to use for this process
include top-down object oriented design and/or structured design techniques. At the lower levels of the requirements
breakdown, allocate requirements to software, hardware, and operator.

PHASE II: Perform SSP and AIE detailed software design (DIl COE compliant), code, test, implement, evaluate and
demonstrate in a laboratory environment. Replace fixed rules with expert rules and re-test (lab demonstration). Test with
statistical data (historical or synthesized) initially followed by operational testing later in phase II (operational
demonstration). As a goal, both the lab and operational demonstrations should show SSP and AIS interoperation and
should incorporate appropriate components of a target operational cryptologic system, to the extent practical and
sufficient. Document SSP and AIE and provide initial training materials.

PHASE III: Integrate and produce ILS resources for inserting the SSP and AIE software into the SSEE baseline.

COMMERCIAL POTENTIAL: This capability has direct benefit to other Maritime Cryptologic programs. Since SSEE
is common with other Maritime and national systems, the SSP and AIE will be of interest to benefit Naval airborne and
subsurface Cryptologic systems. These capabilities also will have direct benefit to the US Marine Corp, USCG and
SOCOM Cryptologic Systems (which are maritime partners of the MCA). Furthermore, intelligence collecting agencies
including the FBI, DIA, NSA, CIA and city law enforcement agencies could also benefit from this technology. The
application of the SSP and AIE would be exactly the same for other military systems as for Naval surface cryptology.
The computing environment will use NT and/or SOLARIS, is client server based, with power PC (essentially chip
independent) available to support processing needs. Only COTS hardware and software will be used for the computing
environment.

REFERENCES:

1. Numerous textbooks and scientific, mathematical, and engineering journal articles on optimum control, artificial
intelligence, expert systems, rules based systems and pattern recognition address the mathematics and algorithms
that could apply, but none completely address the combined applications required to develop the capability
addressed herein.

KEYWORDS: Artificial Intelligence, Expert Systems, Optimum Control, Indications and Warnings, Feature Extraction,
Pattern Recognition

NO02-113 TITLE: Integrated Image Processing/Geographic Information System (GIS) Process Development
TECHNOLOGY AREAS: Information Systems, Battlespace, Human Systems

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT IV: Naval METOC Information Systems
TECHNOLOGY AREAS: Information Systems, Human Systems, Battlespace Environment

OBJECTIVE: Design and build a software tool, or a suite of no more than three software tools, that will revolutionize
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the way human analysts interpret and fuse visual, analog and digital environmental data originating from civil and
military environmental satellites, in-situ sensors and complex numerical models, including the development of an
automated metadata generation capability for the value-added environmental information that the analysts produce.
Speed of use and ease of use are key objectives for the envisioned tool technology(ies).

DESCRIPTION: The continuing development and availability of new environmental satellite and battlespace in-situ
sensors and more complex numerical models of the earth's atmosphere and oceans severely challenges the human
analysts' cognitive abilities to integrate and to interpret rapidly the wealth of visual information that might be derived
from these sources. Ultimately, the analysts use this data to produce the value-added information that is intended to meet
their customers' decision-making needs. Although there are a multitude of commercial GIS technologies available for a
variety of commercial and military users today, there is no one software tool, or small set of tools, that provides the
capability that human analysts need to produce their value-added environmental information rapidly for their customers
and that automatically generates useful metadata.

PHASE I: Develop an overall system engineering design that includes specification of the software tool technology,
specification of the input environmental sensors and models, specification of the GIS technology, specification of the
automated metadata, and specification of the interfaces for the proposed tool technology(ies) - including the human
interface specification. Provide a technical report on the system design, including proposed performance metrics.

PHASE II: Develop and demonstrate the prototype technologies for a small set of user applications. Provide a short
technical report on the demonstration results.

PHASE III: Conduct testing to prove the feasibility of the technologies for a more robust set of commercial applications
during an extended operating period. Provide a technical report on the demonstration, including demonstrated
performance metrics.

COMMERCIAL POTENTIAL: This system could be used in a broad range of commercial applications where the rapid
interpretation and registration of environmental data with geographic features are necessary - for example, by military
analysts in monitoring the battlespace environment in various regions around the world, and by civilian/commercial users
in detecting and monitoring local environmental conditions that might be potentially hazardous to the general public.

KEYWORDS: GIS, Visual Data, Environmental Data, Data Fusion, Metadata

NO02-114 TITLE: Broadband/Multi-band Reflector Antenna Feeds Supporting X, Ku, K, Ka, and Q Frequency
Bands.

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

DOD ACQUISITION PROGRAM SUPPORTING THIS TOPIC: ACAT III/IV: PMWI173-31 Submarine
Communications

OBJECTIVE: Develop broadband/multi-band reflector antenna feeds that operates at the X, Ku, K, Ka, and Q frequency
bands and possibly subsets of these frequency bands. The reflector antenna feeds must be designed to be compatible
with existing submarine mast antennas.

DESCRIPTION: Presently the Navy has a High Data Rate (HDR) SATCOM system that has the capabilities of EHF: Q
and k -bands, and SHF: x-band. A suitable design requirement is necessary to cover the X, Ku, K, Ka, and Q frequency
bands of operation.

Investigation into the development of a single element broadband/multi-band reflector antenna feed which can support all

frequency bands is desired with the capability of allowing a change out of the antenna feed system to occur without
physical access. The focus for this proposal is to develop broadband/multi-band reflector antenna feeds that operate at the
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x, ku, k, ka, and Q frequency bands and possibly subsets of these frequency bands. The reflector antenna feeds must be
designed to be compatible with existing submarine mast antennas.

PHASE I: Broadband reflector antenna feeds are available for a small range of frequencies. The need exists for
increasing the capability of the feed for additional frequencies, namely, the Ku and Ka band frequencies. Initial work in
phase I requires the detailed development of a broadband or a multi-band reflector antenna feed system to be compatible
with existing submarine mast antennas. Conceptual design descriptions will be provided with supporting detailed
theoretical data. Designed antenna feed elements shall be modeled using the current state-of-the art computer programs
or theoretically modeled to demonstrate effectiveness.

PHASE II: Detailed design data of the reflector antenna feed system will be presented. A prototype will be fabricated to
demonstrate concept feasibility. All operational tests; including EM, mechanical, stress, and pressure testing, will be
performed with the prototype antenna feed system. Demonstration of the ability of the antenna feed system to survive in
a submarine environment will be made. All data results will be tabulated and presented in a technical white paper.

PHASE III: Fabrication of the antenna feed system will be made and integrated into an existing submarine mast antenna.
Performance of necessary EM tests with antenna feed system and submarine mast antenna will be made to prove
compatibility and design success.

COMMERCIAL POTENTIAL: All broadband/multi-band reflector feed commercial applications would benefit from
this technology development.

REFERENCES:
1. Microwave Horns and Feeds, A.D. Olver, P.J.B. Clarricoats, A.A. Kishk, and L. Shafai, Institute of Electrical and
Electronic Engineers, Inc. New York, USA, 1994

KEYWORDS: Antenna Feeds, Reflector Antenna Feeds, Reflector Antennas, Antenna Design, RF Design, Dielectric
Feeds
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