NAVY
PROPOSAL SUBMISSION

INTRODUCTION:

The responsibility for the implementation, administration and management of the Navy STTR program is with the
Office of Naval Research (ONR). The Navy STTR Program Manager is Mr. John Williams, (703) 696-0342,
williajr@onr.navy.mil. If you have questions of a general nature regarding the Navy’s STTR program, contact Mr.
Williams. For general inquiries or problems with electronic submission, contact the DoD Help Desk at 1-866-724-
7457 (8AM to 5PM EST). For technical questions about a topic, contact the Topic Authors listed under each topic
before 15 March 2005. Beginning 15 March, for technical questions you must use the SITIS system
www.dodsbir.net/sitis or go to the DoD website at http://www.acg.osd.mil/sadbu/sbir for more information.

PHASE | 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 | should address the feasibility of a solution
to the topic. The Navy only accepts Phase | 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 | base should be 7 months and will
commence on or about 01 July 2005. The Phase | option should be 3 months and address the transition into the
Phase Il effort. Phase | options are typically only funded after the decision to fund the Phase Il has been made.
Phase | technical proposals, including the option, have a 25-page limit (see section 3.4). The Navy will evaluate and
select Phase | 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 | award.

All proposal submissions to the Navy STTR Program must be submitted electronically. 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 Submission website at http://www.dodsbir.net/submission. If
you have any questions or problems with the electronic submission contact the DoD SBIR Helpdesk at 1-866-724-
7457 (8AM to 5PM EST). Your proposal must be submitted via the submission site before 6:00 a.m. EST, Friday,
15 April 2005. 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 — do not lock/protect your pdf file. You are required to include your
company name, proposal number and topic number as a page header in your technical proposal document. Cost
sheets can be included in the technical proposal or submitted separately through the Cost Proposal form available
through the Submission website. Technical Proposals should conform to the limitations on margins and number of
pages specified in the DoD Program Solicitation. However, your on-line Cost Proposal form will only count as one
page and your Cover Sheets will only count as two, no matter how they print out after being converted. Most
proposals will be printed in black and white so make sure all graphics are distinguishable in black and white. It is
strongly encouraged that you perform a virus check on your file before you upload. If a virus is detected, the file
will be deleted. To verify that your proposal has been received, click on the “Check Upload” icon to view your
proposal. Typically, your proposal will be virus checked and converted 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 is heavier near the solicitation closing.

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. Please make sure that your e-mail address is entered correctly
on your proposal coversheet or you will not receive a notification.
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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 a Research Institution or
subcontractor 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 Il 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/STTR efforts directly into Navy
and DoD programs and/or weapon systems. If a firm has never received a Navy SBIR/STTR Phase Il it
will not count against them.

PHASE | ELECTRONIC SUMMARY REPORT:

All Phase | award winners must electronically submit a Phase | summary report through the Navy SBIR website at
the end of their Phase I. The Phase | Summary Report is a non-proprietary summary of Phase | 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 Il Summary Report”.

PHASE 1l PROPOSAL SUBMISSION:

Phase Il is the demonstration or further development of the technology that was found feasible in Phase I. Only
those Phase | awardees who achieved success in Phase I, as determined by the Phase | technical point of contact
measuring the results against the criteria contained in section 4.3, will be invited to submit a Phase Il proposal.
During or at the end of the Phase | effort, awardees will be notified to submit their proposal for Phase Il evaluation.
The invitation will be based on the success the company has accomplished for the particular topic as evaluated by
the technical point of contact and the Navy STTR program manager. If you are invited to submit a Phase |1
proposal to the Navy, phase Il instructions will be given or you may obtain a copy from the Navy SBIR website.

Upon receiving an invitation, submission of a Phase 11 proposal should consist of three elements: 1) A base effort,
which is the demonstration phase of the SBIR/STTR project; 2) A 5 page Transition/Marketing 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 Il Option which would be a fully costed and well defined
section describing a test and evaluation plan or further R&D. Phase Il efforts are typically two (2) years and Phase
Il options are typically an additional six (6) to 12 months. Phase Il proposals together with the Phase Il Option are
limited to 40 pages (unless otherwise directed by the TPOC or contract officer). All Phase Il proposals must have a
complete electronic submission. Complete electronic submission includes the submission of the Cover Sheets, Cost
Proposal, Company Commercialization Report, and the ENTIRE technical proposal via the DoD Submission site.

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

As with the Phase | award, Phase Il award winners must electronically submit a Phase Il summary report through
the Navy SBIR website at the end of their Phase Il. The Phase Il Summary Report is a non-proprietary summary of
Phase Il 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.
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The Navy has adopted a New Phase Il Enhancement Plan to encourage transition of Navy STTR funded technology
to the Fleet. Since the Law (PL102-564) permits Phase 111 awards during Phase Il work, the Navy will provide a 1
to 4 match of Phase Il to Phase |11 funds that the company obtains from an acquisition program. Up to $250,000 in
additional STTR funds for $1,000,000 match of acquisition program funding, can be provided as long as the Phase
I11 is awarded and funded during the Phase I1.

PHASE | PROPOSAL SUBMISSION CHECKLIST:
All of the following criteria must be met or your proposal will be REJECTED.

1. Make sure you have added a header with company name, proposal number and topic humber to
each page of your technical proposal.

2. Your complete STTR Phase | proposal (coversheet, technical proposal, cost proposal, and DoD
Company Commercialization Report) has been submitted electronically through the DoD submission
site by 6:00 a.m. EST, Friday, 15 April 2005.

3. After uploading your file and it is saved on the DoD submission site as a PDF file, review it to ensure
that it appears correctly.

4. The Phase | proposed cost for the base effort does not exceed $70,000. The Phase | 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 STTR 2005 Topic Index

High Resolution Eyesafe 3-D LADAR Maritime Imaging Model

Non-Planner GPS Receiving Antenna

Organic Light Emitting Diode (OLED) Display Technology for Military Aircraft

Low-cost, Position Indicator for Nondestructive Inspection C-Scanning

Ruggedized Multifunction Fiber-Optic Transceiver Optical Subassembly

Exploratory Development of Functionally Graded Nano-Composite (FGNC) for Gear
Applications

High Speed Electronically Tunable Fiber-Optic Filter

Photonic Circuits for Broadband, High Dynamic Range Analog RF Applications

Wavelength Division Multiplexed (WDM) Fiber Optic Network Architecture Analysis, Modeling,
Optimization and Demonstration for Aerospace Platforms

Photonic Crystal Applications for Laser Diode Technologies

Radar Scattering from the Ocean Surface

Exploratory Development of Ferromagnetic Shape Memory Alloy Material System for Actuators
Development of Novel Knowledge-Based Space-Time Adaptive Processing (STAP) Techniques
Shape Memory Alloy Flight Control Surfaces

Spray Deposition of Aerogels as Thermal Barriers

Ultra-Lightweight, JP-8 Fueled Person-Portable Fuel Cell-Powered Generator

Mission Plan Understanding/Assessment Tools for Intelligent Autonomy Systems

Single Crystal High Power Source for Torpedo Defense

Level 2 and 3 Data Fusion for Asymmetric Threat Detection

Wireless Sensing for Survivable Machinery Control

Energy Scavenging Unmanned Surface Vehicle for Long Range Surveillance

Underwater Acoustic Communications

Ferromagnetic Shape Memory Alloy Hybrid Devices

Hybrid Propulsion Systems for Undersea Weapons

Advanced Magnetic Sensing

A Profiling Bioluminescence Sensor for use in the Coastal Ocean

Littoral Sensors for Naval Special Forces

Advanced Atmospheric Instrumentation

Low Drag, Underwater Acoustic Source for Sea surface-based Mine Sweeping

Vector Sensor Rapid Detection Array for Torpedo Defense

Novel Automation Methods and Equipment for Fiber Optic End-face Polishing, Cleaving and
Inspection

Ultrasonic Guided Wave for Long Range Monitoring and Nondestructive Evaluation (NDE) of
Corrosion Induced Defects in Shipboard Piping with Complex Geometry

Automated RF Measurement Module (ARMM)
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Navy STTR 2005 Topic Descriptions

NO05-T001 TITLE: High Resolution Eyesafe 3-D LADAR Maritime Imaging Model

TECHNOLOGY AREAS: Information Systems, Materials/Processes, Sensors

OBJECTIVE: The objective of this work is to validate the ability of existing high resolution eyesafe 3-D LADAR
imaging models to predict identification performance against a variety of military targets including maritime targets
(ships, boats), armored land vehicles (tanks, APCs), transportable erectable launchers (TELSs), and aircraft (fixed &
rotary wing) when the 3-D LADAR models are derived from passive imaging sources. The existing models ability
to reliably predict identification ranges based on target aspect angle, level of obscuration, and extent of CCD present
in the scene is the objective of the validation. This task will require the collection of high-resolution 3-D LADAR
images and multiple passive views (at much shorter ranges) of targets under well-documented conditions to be used
as the basis for the derivation.

DESCRIPTION: Imaging 3-D LADAR is emerging as the sensor of choice for performing long-range target
identification from manned and unmanned platforms. These systems will operate at eyesafe laser wavelengths
(nominally 1.4 to 1.8 microns), and typically operate with other sensors which will perform the search and initial
classification functions, and then handoff to the eyesafe imaging 3-D LADAR to perform the identification function.
These platforms must be able to perform identification (Automatic Target Recognition Working Group (ATRWG)
definition based on having at least 400 high range resolution pixels on target) from outside the lethal radius of
potential targets (at least 6 kilometers), and the prediction of range-to-target at which these pixel counts are achieved
is a critical issue in sizing these systems. Many models of 3-D LADAR performance exist for a variety of laser
wavelengths, but none of these models have been validated for predicting identification ranges using eyesafe laser
wavelengths. In this case the validation procedure will require the collection of eyesafe 3-D LADAR images of
targets of interest, which will be taken under well-documented circumstances. Since LADAR imagery of targets of
interest is rarely available (except on friendlies), the collection of shorter range (higher pixel count) multi-view
(basic for stereoscopic imagery) passive imagery will be used as the source for the LADAR models. The model
must then accurately predict identification ranges consistent with the ATRWG Pixels on Target (POT) projections
for identification. The model must be validated under a wide variety of operating conditions (range, atmospheric
conditions, aspect angles, obscuration, and CCD) to assure robustness of the validated modeling capability.

PHASE I: Demonstrate the approach to be pursued in validating an existing 3-D imaging LADAR performance
model. In particular the contractor will need to collect a well-documented representative high-resolution 3-D
eyesafe LADAR and multi-view (shorter range) passive images of ships and boats (in harbor and underway) at
ranges in excess of 6 kilometers. Then demonstrate this derivation of high-resolution LADAR models from passive
imagery using the data sets collected.

PHASE II: Extend the techniques demonstrated in the Phase | effort to other classes of targets of interest to the
Navy. In particular land vehicles and aircraft data sets will have to be collected, and then the models ability to
predict identification ranges validated. The goal for the Phase Il technique is to not only show that it is extendable
to other classes of targets, but also show the models insensitivity to variations of target type within the same class.

PHASE I1I: The final phase would show that by inputting multi-view passive target imagery of sufficient resolution
that the 3-D imaging LADAR model could be automatically derived and the model could readily predict
identification ranges under any type of weather condition, target obscuration, aspect angle, and CCD. This would
provide a valuable tool for mission planning, and allow developers to readily assess the capabilities of their sensors
to perform the necessary Navy/USMC identifications at survivable ranges. The university (or small business) could
become the clearinghouse for distributing the model and performing any updates as newer sensors and improved
databases become available. The validated model would be applicable to 3-D LADAR sensors for a variety of
evolving Naval platforms including the advanced Tomahawk Cruise Missile, Fire Scout VTUAYV, and the dual mode
Harpoon.

PRIVATE SECTOR USE OF TECHNOLOGY: The current private sector applications of 3-D imaging LADAR are

for helicopter obstacle detection and avoidance, high resolution 3-D mapping of urban environments, and
commercial ship traffic identification & position monitoring in harbor. In the future variants of high range
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resolution 3-D LADARs will be used to identify (and ultimately characterize) vehicles and structures. In many
cases no LADAR imagery or models will be available for these targets and the ability to derive these models from
existing multi-view (stereoscopic) passive images may be the only way to predict their performance and
applicability to specific problems. An application of interest to law enforcement agencies would be a technique for
spotting a specific vehicle in heavy traffic using airborne LADAR imagery and matching to models derived from
multiple passive images. Typical commercial problems would be monitoring of structures (e.g. bridges, buildings,
etc.) for structural weaknesses or degradation again automatically deriving a LADAR model from multiple passive
sources. LADAR will also have considerable use in robotic systems that will be involved in manufacturing, mining,
maintenance & repair in severe environments, handling of toxic and explosive materials, and transportation. In all
of the future applications the imaging 3-D LADAR will be required to not only identify the object of interest, but
have a precision knowledge of its dimensionality, how it is oriented, where it is located and the placement and
orientation of internal features. The validated 3-D LADAR identification model derived from multiple passive
sources will be extensible to all these cases and greatly increase the utility of the sensor and allow for reliable
prediction of performance in a wide variety of commercial environments.

REFERENCES:

1. Utah State University Space Dynamics Laboratory, USU LADAR SIM Release 1.0 Users’ Manual, LADAR
Sensor Model Development and Assessment for the Cruise Missile Real-Time Retargeting (CMRTR) Program
Naval Air Warfare Center Weapons Division, China Lake, CA dated November 18, 2002.

2. NAVAIR Weapons Division, NATO LADAR ATR Workshop, Summary report on workshop conducted 27-28
October 2003, hosted by FGAN/FOM, Ettlingen, Germany.

KEYWORDS: Eyesafe; 3-D LADAR; Identification; ATR; High Range Resolution; ATRWG

NO05-T002 TITLE: Non-Planner GPS Receiving Antenna

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop and demonstrate innovative anti-jamming non-planner circular array for military airborne
GPS antenna. The design goals are to provide anti-jamming protection against low elevation angle jammers and
maintain reception of low angle satellite signals at the same time to provide highly accurate navigation results.

DESCRIPTION: GPS antennas are available in a wide variety in today’s market. However, due to the presence of
many jammers, the received signal cannot be received due to the interfering signal. In order to maintain good
navigation accuracy, reception is required from low elevation angle satellites. This analysis should investigate
various designs of non-planner arrays that can null towards interfering signals and maintain enhanced reception of
low angle GPS satellite signals. The array should have a minimum of seven elements to improve nulling. The Navy
will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Demonstrate proof-of-concept of proposed non-planner array technology for nulling towards interfering
signals and maintain enhance reception of low angle GPS satellite signals.

PHASE II: Develop, demonstrate and validate non-planner array technology proposed in Phase I.

PHASE III: Transition this antenna technology for integration, operation evaluation, and production for military
airborne platform.

PRIVATE SECTOR USE OF TECHNOLOGY: This technology will have application to many commercial uses of
GPS such as rental car, personal navigation system, and cell phones.

REFERENCES:

1. B.P. Kumar and G. R. Branner, “The Far-Field of a Spherical Array of Point Dipoles” IEEE Trans. Antennas
Propagat., VOL. 42, NO. 4, APRIL 1994,
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2. R. Stockton and R. Hockensmith, “Applications of spherical array — A simple approach,” in Proc. Int. Symp.
Dig. Antennas Propagat. Soc., 1977, pp. 202-205

KEYWORDS: GPS Antenna; Non-planner Array; Anti-Jam; Satellite; Spherical Array; Signals

NO05-T003 TITLE: Organic Light Emitting Diode (OLED) Display Technology for Military Aircraft

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop and demonstrate innovative OLED technology capable of meeting the performance,
environmental and long term reliability requirements of military aircraft.

DESCRIPTION: Flat panel displays are critical to achieving the “glass cockpit” concept envisioned for future
aerospace platforms. Most commercial flat panel display technologies such as liquid crystal displays (LCDs) cannot
achieve the required brightness to achieve high visibility in bright sunlight while meeting the environmental and
long term reliability requirements of military aircraft. Backlit LCD displays also often exhibit poor off-axis
viewability. Projection digital light valve (DLV) technology also exhibits brightness problems and requires
increased panel depth for installation. Plasma technology is expensive, requires excessive power and long term
reliability in severe environments is uncertain.

OLED displays are being developed commercially. An OLED is an electronic device made by placing a series of
organic thin films between two conductors. When electrical current is applied, a bright light is emitted. OLEDs are
lightweight, durable, and require low operating power making them ideal for portable display applications. OLEDs
have fewer process steps and use lower-cost materials than LCD displays. OLED displays exhibit high brightness,
wide off-axis field-of-view, low power dissipation and potentially broader operating temperature ranges and very
low cost for large area displays. Currently these displays are hermetically sealed since long term reliability/stability
remains an issue. High temperature performance is also an issue since almost all commercial display technology is
being designed for “room temperature” operation. Organic light emitting polymers have been demonstrated which
exhibit excellent broad temperature operational characteristics and excellent environmental stability. Novel
packaging materials and technologies are also being investigated with the potential to provide lower cost packaging
of OLED displays that can make them suitable for military applications. It is the objective of this program to
develop and demonstrate advanced OLED display and packaging materials and processes required to achieve high
performance and highly reliability military flat panel, helmet mounted, and flexible displays. The Navy will only
fund proposals that are innovative and involve technical R&D risk.

PHASE I: Formulate, process and demonstrate OLED polymers capable of achieving the high brightness, high
ambient contrast and high temperature operation required for aircraft cockpit displays. Investigate novel materials
and processes for low cost military packaging of these OLED displays. It would be highly desirable to eliminate the
need for hermetic sealing of these displays to assure long term reliability and stability. Identify the processing
techniques for both materials deposition and display packaging.

PHASE II: Fabricate, demonstrate and test a low resolution 6” x 8” OLED display capable of achieving the high
brightness, ambient contrast and high temperature operation required for aircraft cockpit, helmet mounted and
flexible displays. Demonstrate a low cost packaging technique utilizing low cost materials which will possess the
desired optical properties and protect the display from environmental extremes. Optical properties of the protective
films include low optical attenuation over the chromatic spectrum of the human eye, and low reflectivity for
operation in bright sunlight. The packaging materials should also provide protection from humidity, salt spray, dirt,
fungus etc. over a broad range of temperatures, atmospheric pressures and environmental extremes associated with
military platforms. Testing to military environments shall be performed to demonstrate the packaging durability.

PHASE IlI: Fabricate, demonstrate, package and test a high resolution 6” x 8” high resolution aircraft OLED
display.

PRIVATE SECTOR USE OF TECHNOLOGY: Private sector applications include cell phones, personal
communicators, computers, high definition TV, automotive instrument and windshield displays, camcorders etc.
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REFERENCES:
1. D.G Hopper, “High Resolution Displays and Roadmap” Proceedings of the 10th International Conference on
Artificial Reality and Tele-existence (ICAT 2000)” , 25-27 October 2000, Taipei Taiwan

KEYWORDS: Organic Light Emitting Diodes (OLEDs); Flat Panel Displays; Flexible Displays; Helmet Mounted
Displays; Polymers; High Resolution Displays

NO5-T004 TITLE: Low-cost, Position Indicator for Nondestructive Inspection C-Scanning

TECHNOLOGY AREAS: Materials/Processes
ACQUISITION PROGRAM: F-35/Joint Strike Fighter

OBJECTIVE: Develop an innovative cost-effective system that can interface with traditional nondestructive
ultrasonic and eddy current inspection equipment for the purpose of generating C-scan images.

DESCRIPTION: The Navy frequently uses portable ultrasonic and eddy current equipment to inspect aircraft
structures. This equipment contains built-in gates and data output ports that could be used to generate 2-D maps of
the part being inspected. In the case of ultrasonics, a gate can be set to export amplitude and time-of-flight for the
maximum peak within the gate. For eddy current, the output is usually x/y values corresponding to a point on the
impedance plane display. If this data were to be coupled with positional data for the sensor, C-Scan images could be
generated to provide digital records and enhanced interpretation capabilities. A number of commercially available
scanners have been reviewed. Even the simplest scanners are too costly and not easily adapted to complex
structures. An inexpensive solution that provides flexibility to locate sensor position to within 0.1” in a 24”x24”
area is desired. The system should be able to combine the amplitude/time or x/y data (in the form of scaled
voltages) with the positional data to generate a C-Scan image. The system should be able to allow the technician to
freely move the sensor around the part to fill in the points on the c-scan. The system should be able to facilitate
partial coverage for instances when 100% coverage is not required. The system should be capable of functioning on
both metallic and composite parts with complex geometric features (like “T-shaped” stiffeners, fastener heads and
fastener nuts/collar). The Navy will only fund proposals that are innovative and involve R&D risk.

PHASE I: Design and fabricate an instrument for locating a ¥%” diameter ultrasonic transducer to within 0.1”
accuracy on a 2’x2’ plate and demonstrate proof-of-concept.

PHASE II: Develop a computer interface to capture the position information from this system and the
amplitude/time and x/y data portable ultrasonic/eddy current instruments. Develop a graphical user interface (GUI)
to present that data in the form of 2-D time-of-flight and amplitude C-Scan maps. Construct a prototype device of
the entire system for delivery to the Navy. The prototype shall be field tested in the latter portions of Phase Il at a
Naval Air facility (TBD). The prototype should be portable, light, and capable of producing 2-D C-Scans when
used in conjunction with standard NAVAIR ultrasonic and eddy current equipment. Specifications for the current
NAVAIR ultrasonic and eddy current equipment will be provided.

PHASE III: Implement full-scale production of the NDE devices in quantities proportional to market and Navy
demand. Desired unit cost is less than $10,000.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of a cost-effect NDE device for
generating C-Scans from portable A-Scan equipment is of interest to commercial and military industries.

KEYWORDS: C-Scan; Ultrasonic; Eddy Current; Nondestructive Inspection; Nondestructive Testing; Scanner

NO5-T005 TITLE: Ruggedized Multifunction Fiber-Optic Transceiver Optical Subassembly

TECHNOLOGY AREAS: Sensors
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ACQUISITION PROGRAM: F-35/Joint Strike Fighter

OBJECTIVE: Develop and demonstrate a ruggedized multifunctional fiber-optic transceiver optical subassembly
capable of performing both ultra-short reach optical time domain reflectometry (OTDR) and high speed digital data
communication over multimode optical fiber. The optical subassembly will be used to demonstrate 1) a
FibreChannel fiber optic transceiver with enhanced dynamic range (i.e. ~15 dB) over a —40 to +100 °C temperature
range, and 2) transceiver based OTDR circuitry for ultra-short reach (i.e. 10 — 20 cm) fault detection and isolation
over a —40 to +100 °C temperature range. Both bi-directional and uni-directional multifunctional transceiver optical
subassembly designs are desired.

DESCRIPTION: Transceiver package optical subassembly alternatives for an optimized aerospace FibreChannel
transceiver with OTDR capability will be determined based on the ability to meet military avionics requirements.
The pros and cons of combining digital data communication and ultra-short reach OTDR capability in either a uni-
directional transceiver or bi-directional transceiver should be investigated. The requirement to accommodate both 1
Gb/s and 2 Gb/s FibreChannel speeds over both 100 micron core and 50 micron core multimode optical fiber must
also be considered in the optical subassembly design. A final ruggedized multifunctional transceiver is envisioned to
consist of a hybridly integrated optical subassembly embedded in an OTDR capable wide dynamic range
FibreChannel transceiver. The optical subassembly should enable on-aircraft fault detection and isolation of avionics
fiber optic end-to-end links. The environmental extremes and durability of the transceiver optical subassembly must
be analyzed. The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Demonstrate the feasibility of an OTDR capable hybridly integrated optical subassembly based on a 850
nm vertical cavity surface emitting laser transmitter and a high speed photodetector receiver. Analyze and model
innovative alternatives for a hybrid and/or monolithically integrated VCSEL / photodetector combination capable of
high speed (1-2 Gb/s) digital optical data communication and ultra-short reach OTDR in a multimode fiber optic
environment. Take into account transceiver dynamic range, ease of optoelectronic packaging and manufacturing,
ease of transceiver and OTDR circuit integration, fault isolation distance resolution, and environmental ruggedness.

PHASE II: Utilizing data from Phase 1, fabricate and test a multifunctional optical subassembly prototypes capable
of both 1 and 2 Gb/s data transmission and ultra-short reach OTDR in both uni-directional and bi-directional 50
micron and 100 micron fiber pigtailed/connectorized transceiver packaging arrangements. Demonstrate fault
isolation capability of an OTDR capable transceiver in avionics representative cable plant environments (i.e., —40 to
+100 °C transceiver case temperature range) with a distance resolution of 20 cm or less.

PHASE III: Design, build and test prototype OTDR-capable wide dynamic range transceiver to demonstrate the
properties and efficacy of OTDR for fault isolation in 1 Gb/s and 2 Gb/s avionics FibreChannel fiber optic links.
Flight test the OTDR-capable wide dynamic range transceiver to increase TRL from 7 to 8.

PRIVATE SECTOR USE OF TECHNOLOGY: Private sector applications include computer and
telecommunication networks incorporating fiber optic interconnects.

REFERENCES:

1. J. Ahn, et al, “Development of a novel and cost-effective bi-directional optical triplexer based on polymer PLC
platform,” Proc. of the 54th Electronic Components and Technology Conf., 2004.

2. N. Kimura, et al, “Receptacle transceiver module using silica waveguide for bi-directional transmission over
single fiber,” Proc. of the 53rd Electronic Components and Technology Conf., 2003.

3. H. Hentzell, et al., “Optical packaging technology — the next innovations,” 14th European Microelectronics and
Packaging Conference & Exhibition, 2003.

4. J.D. Ingham, et al., “1.25-Gb/s bidirectional multimode-fibre data link using a dual-purpose vertical-cavity
laser & detector,” Proc. of the 27th European Conference on Optical Communication, 2001.

5. “P. Karioja, et al., “Comparison of active and passive fiber alignment techniques for multimode laser
pigtailing,” Proc. of the 50th Electronic Components and Technology Conf., 2000.

6. Optoelectronic Assembly and Packaging Technology, IPC-0040, IPC, Northbrook, Illinois.

7. Department of Defense Handbook for Maintainability of Avionic and Electronic Systems, MIL-HDBK 2084,
1995.
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KEYWORDS: Avionics Optical Built-In-Test; Fault Isolation; Fiber-Optics; FibreChannel; Optical Time Domain
Reflectometry (OTDR); Vertical Cavity Surface Emitting Laser (VCSEL)

NO5-T006 TITLE: Exploratory Development of Functionally Graded Nano-Composite (FGNC) for Gear
Applications

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop innovative processing techniques for forming functionally graded hard surface nano-
composite for gear with a theme to provide the optimal material characteristics needed to enhance gear performance.
The Fe-C system has worked well in gears industry to date. The new thrust is to significantly enhance the
performance of gears and provide increased power density and operational life.

DESCRIPTION: Currently gears are made of low-carbon, low-alloyed steels that are then carburized and hardened
to achieve a tempered martensitic case structure with the above defined strength characteristics. The advantage of
such compositionally graded structure is many-fold: the tooth surface offers the high hardness required to impart
surface durability under very demanding contact conditions; the subsurface case region provides the strength
gradient; and the core region with low to medium hardness of HRC 35-40 (VHN 345-390) provides a substrate with
high toughness [1].

Carburized and hardened gears have been successfully used for decades as power transmission gearing for a variety
of applications such as rotorcrafts, automotive and truck transmissions, as well as other industrial applications. With
increasing demand for higher power density, improved reliability and longer endurance life, hard tribological
coatings are being considered for gear/bearing applications to improve the performance of contacting surfaces in
relative motion. However, recent approaches, of applying hard coatings as add-ons after conventional carburizing
and hardening, have not been successful due to constraints imposed by prior processing, metallurgical state, and
service environment [2, 3]. In most cases, coatings do not survive the high contact stresses and delaminate due to
poor adhesion [4, 5]. The high coating process temperatures also result in over-tempering of the substrate, improper
mismatch of the coefficient of thermal expansion (CTE), and poor interface.

A 20% improvement in gear endurance, generally considered achievable with coatings, would result in a cost
avoidance of about $17 million/year to the DLA alone. Successful implementation of this project would result in
substantial cost avoidances for the Navy. In the commercial gear sector, which is of the order of over $15 billion in
the United States, similar improvements in performance have enormous fiscal implications.

To improve performance envelope and increase capabilities of the naval aircraft, the U.S. Navy is interested in
developing, testing and characterizing functionally graded nano-composite for gear applications. To achieve the
required bending strength and surface durability, power transmission gears are needed high surface hardness of
>HRC 61-63 (>VHN 720-770) and with a strength gradient specified by a case depth (to HRC 50 or VHN 513) of
0.030" - 0.040” on tooth flanks and about 0.020” in the root fillet region. The Navy will only fund proposals that are
innovative and involve technical R&D risk.

PHASE |: Demonstrate proof-of concept and provide an initial development effort that demonstrates scientific merit
and capabilities of the functionally graded nano-composite compositions and manufacturing processes with for gear
applications. Laboratory scale specimens should be fabricated and characterized microstructually and mechanically
(including hardness).

PHASE I1I: Establish a theoretical three-dimensional contact analysis model of FGNC surfaces. Gear mesh
simulation should include rolling and sliding contact analysis on tooth flanks as well as effect of load sharing
between teeth due to multiple tooth contact. Fabricate and characterize prototype cylindrical forms (4-6 inches in
length, 1 inch diameter) based on the Phase | effort. In this phase, the cylindrical specimens will be tested for
rolling/sliding contact fatigue under stress and sliding that simulates gear tooth contact [7].
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PHASE IlI: Fabricate series of functional graded nano-composite gears and conduct bending fatigue, contact
fatigue testing and scoring evaluation [7]. Field testing in collaboration with OEM will also be considered.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of FGNC should enable the design
engineers to select new and innovative methods to optimize design criteria, and to tailor these designs based on the
exploratory material characteristics. Presently, there is a strong need to improve at least 20% improvement in gear
endurance that is generally considered achievable with coatings alone, would result in cost saving of about $17

million/year to Navy. In the commercial gear sector, which is order of over $15 billion in the United States, similar
improvement in performance is expected.

REFERENCES:
1. D. H. Breen, Fundamentals of Gear Stress/Strength Relationships, SAE Paper # 841083.

2. Murakawa, et. al., Performance of Rotating Gear Pair Coated with an Amorphous Carbon Film Under Loss-of-
Lubrication Condition, Surface and Coating Technology 120-121 (1999) 646-652.

3. Stott, W., Myths and Miracles of Gear Coatings, Gear Technology, 7/8 1999.
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7. McPherson, D. R. and Rao, S. B., Mechanical Testing of Gears, Mechanical Testing and Evaluation, ASM
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NO5-T007 TITLE: High Speed Electronically Tunable Fiber-Optic Filter

TECHNOLOGY AREAS: Electronics
ACQUISITION PROGRAM: F-35/Joint Strike Fighter

OBJECTIVE: Develop an innovative compact electronically tunable fiber-optic filter for aerospace wavelength
division multiplexed (WDM) networks.

DESCRIPTION: Fiber Bragg Gratings (FBGSs) are periodic structures formed in a glass optical fiber consisting of
alternating indices of refraction of the glass within a given section of the fiber. Based upon the period spacing of the
grating, a specific wavelength transmitted down the fiber will be reflected back through the fiber while all other
wavelengths will be transmitted through the grating and continue down the fiber. Rapid tuning of the filter can be
achieved by application of an electro-optic layer over the grating. The tuning of the optical fiber filter is realized by
applying an electric field on the electro-optic polymer cladding layer. The applied electric field changes the
refractive index of electro-optic polymer cladding layer, which in turn shifts the resonant wavelength so that the
filter can be rapidly tuned. In theory, the same concept of wavelength selection and tuning can be applied to grating
structures in planar waveguide devices (i.e., glass, semiconductor), including integrated optoelectronic receiver and
laser diode transmitter circuits.

To meet the needs of WDM fiber optic networks, in recent years a variety of tunable optical filters were developed.
These include Fabry Perot (FP) interferometer tunable filters, Ferroelectric liquid crystal FP filters, micro machined
devices, the Mach-Zehnder interferometer (MZI), Fiber Bragg gratings (FBG) [1], acousto-optic tunable filters
(AOTF), electro-optical tunable filters (EOTF), arrayed waveguide grating (AWG), optical MEMs, active filters,
etc. The filter performance is evaluated by the following important filter parameters that include insertion loss,
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bandwidth, sidelobe suppression, dynamic range, tuning speed, and cost. Among them, FBG and Fiber FP are most
commercialized, mainly due to the fact that no medium transformation is required so that the filters are lost cost,
robust and easy to use. However, since they are based on thermal or mechanical mechanisms, they are inherently
limited in tuning speed to the millisecond range. Thus, they cannot be used for packet- or cell-level switching, in
which nanosecond tuning speed is required. On the other hand, although tunable filters based on faster mechanisms
such as electro-optic effect can have nanosecond tuning speed, they are still in the research stage.

Athermal operation of Fiber Bragg Gratings has been achieved by various materials and component techniques [2].
These devices exhibit fast tuning speed, wide tuning range, low insertion loss, and can be made easy to use and cost
effective due to the all-fiber structure. Electro-optic polymers with an index of refraction suitable for optical fibers
with a high electro-optic co-efficient have also been demonstrated. Optical fiber compatible athermal tunable
waveguide filters interfaced to optoelectronic receiver circuitry can enable the realization of a low insertion loss in-
line tunable wavelength selective receiver. The Navy will only fund proposals that are innovative and involve
technical R&D risk.

PHASE I: Design and optimize a fast tuning speed and wide tuning range fiber optic compatible waveguide filter
utilizing electro-optic polymers. This includes demonstration of athermal stable operation of a filter over military
aircraft temperature ranges, with micro-second or less tuning speed across the C-Band ITU grid with narrow
bandwidth and low sidelobes. An optimized package will be designed and demonstrated to ensure long term
reliability over extreme temperatures and environments. The packaging concept and Input/Output (1/0) method shall
also be compatible with widely utilized network topologies. The electronic tuning and control circuits shall also be
designed and packaged to demonstrate optimized filter performance compatible with digital and RF/analog receiver
devices.

PHASE II: Test and evaluate the performance of the packaged tunable filter, including the bandwidth, tuning speed,
tuning range, and the sidelobe level of the filter. In addition, the practical issues such as the reliability and
robustness against environmental temperature fluctuations, and integration with optoelectronic receiver circuitry will
also be tested. Develop two prototype models and deliver to the Navy for test and evaluation.

PHASE Ill: After Navy testing and evaluation, the final task is to investigate the engineering issues related to the
mass production of the proposed filter so that the cost of the filter can be minimized and the performance of the filter
can be maximized in a notional avionics fiber optic network. This evaluation will provide critical information for
optimizing the final filter for subsequent integration with active optoelectronic circuitry.

PRIVATE SECTOR USE OF TECHNOLOGY: Private sector applications include computer and
telecommunication networks incorporating fiber optic interconnects. The primary commercial beneficiary of this
technology development will be the fiber-optics industry.

REFERENCES:
1. Paul E. Green, Jr., Fiber Optic Networks, Prentice Hall, Englewood Cliffs, New Jersey, 1993.

2. A locco, H. G. Limberger, and R. P. Salathe, “Bragg grating fast tunable filter,” Elect. Lett., vol. 33, no. 25,
1997, pp. 2147-48.
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NO05-T008 TITLE: Photonic Circuits for Broadband, High Dynamic Range Analog RF Applications

TECHNOLOGY AREAS: Air Platform, Sensors
OBJECTIVE: Demonstrate photonic circuits with wide instantaneous and operational bandwidth and high dynamic

range to enable high performance photonic link/network insertion into naval aircraft analog radio frequency (RF)
systems.

NAVY - 12



DESCRIPTION: Photonic links and networks offer numerous advantages to analog RF systems including inherent
wide bandwidths, a harness exhibiting a reduced size, weight and improved flexibility, and nearly lossless signal
remoting with exceptional electromagnetic interference (EMI) immunity and phase stability as well as a host of
signal processing and advanced functionality to be utilized. The complex RF systems and environmental
requirements and constraints of naval aircraft in particular, can benefit significantly from the low loss and EMI
immune remoting, reduced size, weight and mechanical flexibility of a fiber backbone as well as the reduced cabling
and simple growth potential of a wavelength division multiplexed (WDM) fiber network. Many naval aircraft
analog RF systems, however, have requirements on instantaneous and operational bandwidth and spurious-free
dynamic range, which are beyond commercially available systems. The goal of this effort is to advance photonic
technology to meet the more demanding analog RF systems, thus enabling the revolutionary design of future naval
RF systems benefiting from photonic links and networks as well as insertion of the technology into key existing
systems.

The diversity of analog RF systems in defense and naval aircraft in particular makes it important that candidate
photonic circuit concepts be adaptable to a variety of specifications, however, spurious-free dynamic ranges
exceeding 120dB/Hz2/3 with instantaneous bandwidths up to and exceeding 1GHz for operational frequencies from
sub-100MHz to 20GHz would be expected to meet many of the most demanding applications. In addition, photonic
circuit concepts with the potential for operating in a WDM network and covering significant portions of the
operational frequency band with a common and/or easily adaptable hardware are desired. The Navy will only fund
proposals that are innovative and involve technical R&D risk.

PHASE I Perform a feasibility study and an initial development effort that demonstrates a photonic circuit concept
capable of meeting or exceeding the above stated general specification targets. It is envisioned that candidate
photonic circuits will include but not be limited to electro-optic modulation linearization circuits, including
electronic, optical and hybrid techniques. The photonic circuit concept should be demonstrated and/or shown
through analysis and critical experiments to be capable of meeting the specifications in a photonic link with
commercially available parts external to the circuit or include co-development efforts (ie.. a linearized photonic
transmitter should meet or be shown capable of meeting the specifications with a commercially available photonic
receiver or the effort should include the development of the photonic receiver required.)

PHASE II: Develop a prototype photonic circuit. Demonstrate the performance of the hardware over the near-DC to
20GHz operational bandwidth for multi-tone RF applications. Demonstration should show electrical-optical-
electrical performance with near zero net gain/loss (ie.. including any required pre-/post- electrical amplifiers).

PHASE I1lI: Production of flight-qualified photonic circuits for utilization in naval aircraft analog RF systems. In
addition to immediate technology insertion, it is envisioned that future naval aircraft analog RF systems as well as
many other defense applications will be designed to benefit from the numerous advantages offered by photonic links
and networks as a result of this technology advancement.

PRIVATE SECTOR USE OF TECHNOLOGY: Photonic circuits capable of enabling high dynamic range photonic
links and networks should see significant utilization in the commercial market. In particular, this technology will
find application as part of ultra-broadband hybrid fiber wireless networks where analog signal remoting over fiber is
used to enhance coverage in cellular wireless and broadband wireless access networks.

REFERENCES:
1. M. Nazarathy, J. Berger, AJ. Ley, I.M. Levi, and Y. Kagan, “Progress in externally modulated AM CATV
transmission systems”, J. Lightwave Technol., Vol. 11, pp. 82-105, 1993.
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predistortion for multiservice radio-over-fiber systems”, J. Lightwave Technol., Vol. 21, pp. 1211-1223, 2003.

3. G. Steiner, S. Hunziker, and W. Baechtold, “Reduction of 3rd order intermodulation of a semiconductor laser
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NO05-T009 TITLE: Wavelength Division Multiplexed (WDM) Fiber Optic Network Architecture Analysis,
Modeling, Optimization and Demonstration for Aerospace Platforms

TECHNOLOGY AREAS: Air Platform, Information Systems, Electronics
ACQUISITION PROGRAM: F-35/Joint Strike Fighter

OBJECTIVE: Develop and demonstrate innovative analysis, modeling, and optimization tools of alternative fiber
optic WDM network architectures and control methodologies for aerospace platforms, whereby multiple optical
wavelengths simultaneously transmit broadband signals via optical fiber throughout the airframe.

DESCRIPTION: This tool will be used to arrive at an optimized open systems network design standard for
aerospace platforms. The data handling capability of an optimized backbone network should be scaleable in both
bandwidth and the number of user nodes so that the network can adapt to ever-increasing data rates of mission
systems over the life of the airframe. Ideally, the operational lifetime of a fiber optic network on a commercial or
military aerospace platform would equal or exceed the structural life of the airframe (30-75 years). The level of
reliability, redundancy and fault tolerance must meet or exceed that required to meet the most stringent aerospace
requirement which is that demanded by safety-of-flight or weapons delivery. To minimize downtime, the network
should have built-in fault prediction, detection, isolation, and circumvention. Data security is a unique military
requirement. Data latency, network startup and restoration times, and maximum bit error rates must meet overall
platform requirements. Network design should take into consideration aerospace platform manufacturing and
fabrication methods, which could dramatically impact optical loss budgets and cable plant installation and
maintenance procedures.

Hardware alternatives for an optimized aerospace WDM network backbone will be determined based on the ability
to meet overall platform requirements. Requirement analysis should include but not be limited to combining
mission systems, vehicle management systems and weapons delivery systems network information on a single
backbone. These categories of data have classically been separated since no single network could meet all
requirements. Likewise the pros and cons of combining digital and radio frequency (RF) information on a single
backbone should be investigated. The requirement to accommodate a majority of legacy and/or emerging
commercial open systems network protocols must also be considered in the network analysis and design. Also, the
environmental extremes to which the platform is subjected, equipment locations on the platform, and the
environmental control system and electrical system capability of various platforms must be analyzed. A final
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network node is envisioned to be a hybrid or monolithic photonic lightwave circuit (PLC) module, which would be
embedded in aerospace equipments throughout the airframe.

PHASE I: Determine and define the majority of disparate aerospace platform requirements that can be combined to
implement a unified multi-platform fiber optic WDM aerospace backbone network. Analyze and model alternatives
for a WDM aerospace backbone network topology and control methodology based on these combined requirements.
Take into account scalability, redundancy, fault tolerance, restoration, reconfiguration, ease of installation and
maintenance. Map, analyze and model a representative set of legacy and emerging commercial protocols, which can
be accommodated on the preferred WDM backbone network topology. Determine metrics for data transport
efficiency, latency, bandwidth scalability, reconfiguration times, data integrity/security, fault
detection/isolation/prediction, in/out of band control methods and parameters, and optical power budgets based on
available or emerging optical component parameters.

PHASE II: Utilizing data from Phase I, define network node requirements, which must be specified to implement
the optimized open systems aerospace WDM network standard and control methodology. Node parameters should
include but not be limited to: unidirectional and/or bi-directional data transmission, number of simultaneous
transmissions/receptions per node, tunable or fixed wavelength transmission/reception, fixed or reconfigurable
add/drops per node, wavelength assignment/ITU grid compatibility, cable/connector 1/0O parameters, max/min
amplification/attenuation per node, power/electrical interfaces, restoration/reconfiguration components and
parameters, thermal and environmental requirements

PHASE Ill: Design, build and test prototype network nodes to demonstrate the properties and efficacy of the
network topology and control methodology. Recommend specific technology for integration of network node
components (e.g. silica, silicon, InP, etc.)

PRIVATE SECTOR USE OF TECHNOLOGY: Private sector applications include computer and
telecommunication networks incorporating fiber optic interconnects. Applications include: nuclear plants, hospitals,
industrial controls, commercial aircraft/spacecraft, satellites etc.

REFERENCES:

1. “Wavelength Division Multiplexed (WDM) Optical Technology Solutions For Next Generation Aerospace
Networks” Andrew S. Glista, Jr. and Mark W. Beranek, IEEE/AIAA Digital Avionics Systems Conference
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NO05-T010 TITLE: Photonic Crystal Applications for Laser Diode Technologies

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Sensors, Weapons

OBJECTIVE: Develop small, low cost, highly efficient (high energy), high beam quality laser diode sources for
LADAR sensors. The intent is to achieve such performance from laser diode technology by employing photonic
crystal band-gap structures within the laser diode gain media design.

DESCRIPTION: Photonic crystal structures are a band-gap concept where the periodicity of a crystalic lattice of
nodes imbedded in a transparent medium act to constrict the propagation of light based on wavelength. Band-gap
behavior is determined by the nodal period as well as the size and nature (reflective/refractive) of the nodes. For
years, photonic crystal structures have been offered as the ultimate solution for improving the wall-plug efficiency
of solid state and/or diode lasers. In these theoretical structures, a two or three dimensional crystalic lattice of nodes
is imbedded in the laser gain media, where a centrally located, linear channel of nodes has been omitted to allow an
un-constricted TEOO1 propagation path. Analysis at Princeton University has shown that gain efficiencies should be
increased from the nominal 1% to as much as 80% while producing a high quality stable output beam. The technical
achievement of embedded, low cost, micron spaced crystalic structures has prevented physical verification of these
efficiencies for optical wavelengths.
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Laser diodes usually operate at high current and high junction temperatures. These devices are usually subject to
laser output intensity drop-off and wavelength shift with moderate changes in operating temperature. Despite these
thermal control issues, they are significant components in the operation of most solid-state (including fiber) lasers
for LADAR systems. The Navy is seeking to reap the benefits of photonic crystal augmented gain media by
employing such structures in laser diodes. Advances in integrated circuit lithography techniques make possible the
construction of such specially configured laser diodes, allowing new efficiencies, wavelength stabilities, and
particularly, beam qualities. The benefits would apply directly to cavity pump concerns for solid state/fiber lasers
(such as Nd:YAG systems). Should sufficient performance improvements be realized, such laser diode sources
might directly replace fiber laser based architectures in many LADAR sensor applications. The construction of
weapons grade high energy lasers using laser diodes may even be possible. Secondary benefits that may be realized
include miniaturized optical circuit applications and broadening of laser diode wavelength options. The Navy will
only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Describe the concept and theory of operation of proposed photonic crystal laser gain media concept.
Provide supporting analysis on crystalic structure requirements, gain materials selection, beam quality estimations,
and fabrication practices. Provide evidence that the resultant laser will exhibit performance improvements without
substantial cost impediments. Note likely idiosyncrasies or performance irregularities that might arise from
production variances.

PHASE II: Develop a detailed design of the laser and provide analysis and modeling to establish the reliability and
maturity of the design. Build a prototype laser to validate and demonstrate this design and conduct testing and
analysis to characterize design limits and the potential for design variations. Identify those areas in the design where
alterations would result in changes in output wavelength, beam characteristics, beam power, or beam stability.
Describe likely production risks and cost drivers.

PHASE I1II: Transition laser technology into the laser source market. Develop and demonstrate a laser product to
solve existing Navy problems, such as a low cost, high efficiency LADARSs and high energy laser weapons.

PRIVATE SECTOR USE OF TECHNOLOGY: High efficiency, stable lasers are in constant demand within the

commercial market place. The procedure for designing and producing an efficient, low cost, high energy laser
would have significant value.
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NO05-T011 TITLE: Radar Scattering from the Ocean Surface

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors
ACQUISITION PROGRAM: E-2 Advanced Hawkeye

OBJECTIVE: Develop a rigorous theory of electromagnetic scattering from the ocean applicable to all
wavelengths, polarizations, and angles of incidence. Develop a rigorous model of the ocean surface and its
statistical fluctuations valid for all ocean conditions.

DESCRIPTION: An understanding of the interaction of electromagnetic waves with the rough ocean surface and
the physical modeling of the ocean surface itself is critical to adequately interpret radar observations of ocean
surface. The ability to discriminate between sea clutter and small targets of interest or between sea clutter and the
surface signature of submerged objects is a fundamental maritime radar system challenge. A comprehensive theory
does not exist. We currently rely on a rather limited and restrictive set of radar sea clutter models applicable to only
a limited range of wavelengths, angle of incidence or polarization. An electromagnetic wave scattering model that
merges low-frequency limit approximations and high-frequency limit approximations into a uniform approximation
across frequency is desired. A statistical non-Gaussian model of wind-driven waves should then be developed to
enable the calculation of scattering cross-sections. The statistical model should take advantage of available
experimental data. The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Outline a comprehensive theory of electromagnetic scattering from the ocean and a related model of the
statistical variability of the ocean surface. The outline should contain sufficient detail to allow proof of concept of
the models with illustrative examples.

PHASE II: Design, build and evaluate the electromagnetic scattering and ocean surface models. The evaluation
should be completed using both simulated and experimental data.

PHASE I1I: Design, build and test a maritime radar signal processor that incorporates the electromagnetic scattering
and ocean surface models.

PRIVATE SECTOR USE OF TECHNOLOGY: The signal processing approaches could be applied to a wide range
of surveillance applications including large area search and rescue operations, anti-submarine warfare, anti-surface
warfare, maritime counter-drug operations, and monitoring activities within the exclusive economic zone.

REFERENCES:
1. Long, M. W., Radar Reflectivity of Land and Sea, Third Edition, Artech House: Boston, 2001.

2. Tatarskii, V. I., “Formulation of rough-surface scattering theory in terms of phase factors and approximate
solutions based on this formulation”, Waves in Random Media, Vol. 7, 1997, pp. 557-578.

3. Tatarskii, V. I, “Phase factors representation for electromagnetic scattering from a rough-surface perfect
conductor”, Waves in Random Media, Vol. 10, 2000, pp. 339-358.
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NO05-T012 TITLE: Exploratory Development of Ferromagnetic Shape Memory Alloy Material System for
Actuators

TECHNOLOGY AREAS: Materials/Processes

ACQUISITION PROGRAM: F-35/Joint Strike Fighter

NAVY - 17



OBJECTIVE: Explore, develop and characterize ferromagnetic shape memory alloys and their composites to enable
compact, robust and reliable solid-state actuator system for naval aircraft applications.

DESCRIPTION: The use of technologically advanced materials for electric actuation, as was directed by OSD in
Vision 21, is an important strategic advantage in a combat offensive maneuver. Weapons systems and aircraft
platforms including unmanned air vehicle (UAV) may benefit from incorporating the use of fast-response solid-state
actuation for control systems and adaptive structures. Ferromagnetic shape memory alloys (FSMASs) and their
derivatives have attracted strong interest among actuator designers as possible fast responsive actuator materials. In
addition, it is anticipated that this new and affordable material technology will enable many new compact electric
actuator designs with increased performance, reduced weight and improved reliability of the actuators.

The U.S. Navy is interested in developing and characterizing FSMAs material systems for various actuation
applications. Conventional FSMA materials are rather difficult to process due to their brittleness and the high cost
in processing. In addition, material properties (such as strength, displacement and creep resistance) were limited by
the selected compositions and the corresponding processing schemes. It is the interest of this solicitation to develop
and characterize FSMA material system, possibly incorporating the concept of composite and/or hybrid material
system, tailored to meet unique performance requirements of the actuators.

Specifically, the FSMA actuators of interest need the following attributes: (1) large magnetization with large
saturated magnetization (1.0 tesla and above) and small coercivity at use frequency (200Hz and above), (2) large
stress (plateau stress higher than 350 MPa) and strain (2% and above) so as to provide large force (or torque) and
stroke (angle of twist) as a FSMA actuator, (3) ease of fabrication with modest cost. Other properties of interest
include the thermal and mechanical fatigue under service loading and a corrosive environment. These materials
should enable the air-component engineers to select new and innovative methods to optimize design criteria, and to
tailor these designs based on the exploratory material characteristics. The Navy will only fund proposals that are
innovative and involve technical R&D risk.

PHASE I: Provide an initial development effort that demonstrates scientific merit and capabilities of the proposed
FSMA material systems and manufacturing processes. Laboratory scale specimens should be fabricated and
characterized magnetically and mechanically.

PHASE IlI: Develop and characterize FSMA actuator performance according to the proposed processing scheme.
Identify the candidate actuator applications of interest to air platform program managers. Design, fabricate and
demonstrate FSMA actuator meeting the specific actuator needs.

PHASE Ill: Demonstrate at least one of airborne actuator based on the above FSMA material system under
magnetic field (including field gradient) that is light, compact, yet provide large force and stroke, and coordinate
with air vehicle OEMs.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of FSMA actuator should enable the
design engineers to select new and innovative methods to optimize design criteria, and to tailor these designs based
on the exploratory material characteristics. Presently, there is a strong need to develop FSMA actuators for use in
compact and robust airborne actuators, key components in various air, land and sea based vehicles. These
exploratory material systems, compatible with scaleable manufacturing process, will enable the FSMA actuator
applications in the actuator systems for both commercial as well as military aircraft, and can help transition to any
other activity needing compact actuation.

REFERENCES:
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2. R.D. James and W. Wuttig, “ Magnetostriction of martensite” Phil. Mag. A, 77, pp1273-1299 (1988)

KEYWORDS: Ferromagnetic Shape Memory Alloys; Actuator; Naval Aircraft; Manufacturing; Materials;
Composites
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NO05-T013 TITLE: Development of Novel Knowledge-Based Space-Time Adaptive Processing (STAP)
Techniques

TECHNOLOGY AREAS: Information Systems, Sensors
ACQUISITION PROGRAM: E-2 Advanced Hawkeye

OBJECTIVE: Develop innovative methods that require reduced training data support and computational loading
without sacrificing STAP performance in non-stationary clutter and jamming suppression. Techniques such as
support vector machines and neural networks may be used in conjunction with digital terrain and elevation databases
to improve the adaptation process. Of particular interest is a performance comparison of reduced rank STAP
algorithms utilizing these techniques with direct data domain deterministic STAP for an airborne radars functioning
in maritime and overland operational environments. It is also desired that the approaches account for or adapt to
array element channel failures, channel mismatch, mutual coupling effects and variable scattering from the airframe.

DESCRIPTION: The performance of conventional STAP can be adversely affected by factors such as range-
dependent clutter, jammers, jammer multipath, bandwidth effects, antenna element failure, and receiver errors. It is
desired to develop some new approaches, based on techniques such as machine learning or neural networks, to
reduce the computational loading of knowledge-based STAP. The new approach should be able to make use, not
only of the existing digital terrain and elevation databases, but also make the antenna array intelligent so that when
one of the antenna elements in the array fails, the performance of the array degrades gracefully. Such an objective
can be achieved in reconfiguring the array when one or more elements are found to be defective, by either applying
appropriate loading in order to make the array functional again or by re-processing the received information by the
remaining elements. The new knowledge-based STAP algorithms should be able to include any effects due to the
variations in the complex surface or platform on which the antenna is mounted. In particular, scattering from the
airframe is interesting since it comes from wing and tail surfaces that are flexing during flight as well as the moving
propeller blades. The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE |: Demonstrate the use of novel knowledge-based reduced rank STAP algorithms and direct data domain
STAP algorithms that can compensate for failures of individual antenna array channels. A methodology should be
established for the use of such algorithms in adaptation of the radar system in the presence of clutter and jamming.

PHASE II: Improve the algorithm to account for dynamic channel mismatch resulting from changes in scattering
from airframes, jammer effects, multipath effects and various receiver channel errors. Measurements should be used
to validate the accuracy of the proposed knowledge-based and direct data domain algorithm and its performance
should be compared with the conventional reduced rank STAP approaches. The analysis should be performed
using both synthetic and real data.

PHASE I1I: A radar adaptive processing system based on the improved STAP approach should be demonstrated for
air or sea platforms. Rugged hardware that can be embedded in a radar system that implements the training
algorithm needs to be developed.

PRIVATE SECTOR USE OF TECHNOLOGY: This same technology can be used in modern MIMO systems for
future wireless communications systems.

REFERENCES:
1. Steinhardt, A. and J. R. Guerci, “ STAP for RADAR: what works, what doesn't, and what's in store”, Radar
Conference 2004. Proceedings of the IEEE, 26-29 April 2004, pp. 469 — 473.

2. Pillai, S.U., Guerci, J.R., and S. R. Pillai, “Efficient tapering methods for STAP ” Radar Conference 2004.
Proceedings of the IEEE, 26-29 April 2004, pp. 408 —413.

3. Page, D., S. Scarborough, and S. Crooks, “Improving knowledge-aided STAP performance using past CPI data
[radar signal processing]”, Radar Conference 2004. Proceedings of the IEEE, 26-29 April 2004, pp. 295 — 300.
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4. Sarkar, T., etal.,, “A Deterministic Least-Squares Approach to Space-Time Adaptive Processing (STAP)”,
IEEE Transactions On Antennas And Propagation, Vol. 49, No. 1, January 2001, pp. 91 - 103.
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NO05-T014 TITLE: Shape Memory Alloy Flight Control Surfaces

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Implement an integral control surface and actuator for flight control of missiles and gun-launched
munitions using shape memory alloys.

DESCRIPTION: Shape memory alloys (SMASs) are materials which can recover their original shape from large
strains and displacements with a thermally-induced phase transformation. SMAs are desirable for flight control for
numerous reasons. The control surface and its actuator can be implemented with a single SMA element, thus
reducing the parts count and mass while increasing reliability and gun-launch survivability over their mechanical
counterparts that require the fin, fin shaft, stepper motor, gear set, and folding/latching mechanism. Also, fins can
be stowed for launch by wrapping them around the flight body; upon launcher exit they can be deployed thus
enabling fin spans in excess of the launcher bore dimension.

The power density of these SMAs is high in comparison to hydraulic or mechanical actuators. With the high power
density the overall size of the system can be reduced significantly. In the development of the hypersonic projectile
control actuation systems, size, weight, and power consumption are major concerns. An electronically-controlled
actuator system developed with SMAs can provide the necessary performance while operating within the size,
weight, and power limitations of the projectile.

At hypersonic velocities, deflecting the entire fin results in a dramatic loss in stability due to the loss of lift.
However, smaller surface areas can be used at higher velocities to attain the requisite control authority. Trailing
edge fin tabs or other control surface schemes can be used rather than full fin deflections. The SMA actuation
system will have to function in an aero-thermal environment between ambient and roughly 7200K. The Navy will
only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Develop and analyze concepts to obtain the desired flight control characteristics of deflection, loading,
and response time within the aero-thermal environment.

PHASE II: Perform detail design, fabricate, and test prototype control actuation system.

PHASE IlI: Transition technology and incorporate within ballistic and guided flight testing of the hypersonic round
to be conducted during FY07-08.

PRIVATE SECTOR USE OF TECHNOLOGY: SMAs are being used in numerous commercial aerospace
applications. A more robust, high response actuation system can greatly enhance the current state of the art systems.
Additionally, much research has gone into developing surgical tools of shape memory alloys — such as bone plates
for the repair of highly fractured bones. This technology also may be used in the development of higher response
robotic structures.

REFERENCES:

1. Bruk, Hugh. Moore, Charles. “MECHANICAL CHARACTERIZATION OF SHAPE MEMORY ALLOY
COMPOSITES FOR DESIGNING SMART STRUCTURES”, University of Maryland — College Park.
(http://www.wam.umd.edu/~bruck/asme.htm)

KEYWORDS: Smart Materials; Shape Memory Alloys; Smart Structures; Control Actuation System; Actuator;
Hypersonic Projectile
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NO05-T015 TITLE: Spray Deposition of Aerogels as Thermal Barriers

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a cost-effective spray process for applying aerogels as thermal barriers for high-strength
aluminum and steel alloys used in hypersonic missiles and projectiles.

DESCRIPTION: Hypersonic missile and projectile flight will induce severe aero-thermal loading through the
airframe and control surfaces and into internal assemblies; an inexpensive means to mitigate this is required.
Aerogels are exceptional thermal insulators, characterized by a thermal conductivity of less than 0.02 W/mK; for
comparison air, glass, and copper have thermal conductivities of 0.024, 1, and 390 W/mK, respectively. They are
extremely light, with densities ranging from 0.003-0.35 g/cm3, thus adding negligible mass to their host systems.
Furthermore, aerogel compositions and composites, with diverse material properties, are being actively researched
and formulated for countless potential applications.

The material system required by this application must possess a melt temperature at least 1450 ,,aK, withstand
thermal shock of 1000 ,aK/s, withstand 40 kG accelerations, survive hypersonic flight through all-weather
environments, and possess a very low thermal conductivity. The primary areas of concern are missile/projectile
nose tips, control surfaces, and electronic assembly housings. The Navy will only fund proposals that are
innovative and involve technical R&D risk.

PHASE I: Determine the requisite material properties for functional viability in high-g launch and hypersonic flight
environments. Formulate aerogel compositions and or composites accordingly. Research and develop the most
cost-effective means to bond aerogels to high-strength metals such as 7075 aluminum and 350 mar aging steel.

PHASE II: Fabricate, apply, and lab test the thermal barriers on aluminum and steel samples under the expected
hypersonic aero-thermal environment. Instrument samples to measure heat soak as a function of nominal flight time
via arc-jet testing. Verify thermal barrier adhesion via shock testing in lab guns.

PHASE IlI: Incorporate thermal barriers in projectiles for hypersonic flight test phase to occur in FY07-FY08 time
period as part of the EM Gun HSR C&TD. Instrument interior airframe cavities to measure thermal soak into
internal assemblies and transmit data to telemetry receiving system during flight.

PRIVATE SECTOR USE OF TECHNOLOGY: The transparency of aerogels make them well suited for
superinsulation of windows. Aerogel has the insulation equivalent of 30 panes of regular glass and trapped air
(source: http://lwww.shuttlepresskit.com/STS-95/experiment28.htm) Aerogels are a superior and environmentally
benign building, refrigerator, and boiler insulation replacement for polyurethane foams, that are manufactured with
ozone-depleting CFCs. An economical aerogel spray deposition process would provide enormous energy and
environmental conservation, and cost benefits throughout industrial, commerical, and private sectors.

Thermal protection coatings for high temperature components aid component life extensions. Such applications
would be particularly useful in aircraft engine turbo machinery, power generation systems, chemical processing
facilities, rocket nozzle/throat components, and high temperature flow control valves.

REFERENCES:
1. International Thermal Spray Association (http://www.spray-itsa.com/default.asp)

2. Berkeley Lab Aerogel Research (http://eande.Ibl.gov/ECS/aerogels/satoc.htm)
3. University of Virginia Aerogel Research (http://fourier.mech.virginia.edu/~microhx/home2.html)
4. Los Alamos National Laboratory Aerogel Research (http://p25ext.lanl.gov/~hubert/aerogel/)

KEYWORDS: Aerogel; Spray Deposition; Thermal Barrier Coatings; Thermal Protection; Hypersonic Flight;
Aerothermal
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NO05-T016 TITLE: Ultra-Lightweight, JP-8 Fueled Person-Portable Fuel Cell-Powered Generator

TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: Develop and demonstrate innovative ultra-lightweight JP-8 fueled fuel cell generator technology for
reconnaissance missions and remote sensors.

DESCRIPTION: Many missions in remote locations are currently limited by the amount of power that can be
carried on foot and/or left in place for unattended equipment operation. Advanced rechargeable batteries are
anticipated to significantly reduce the weight of batteries for Marine Corps Expeditionary units. However, the lack
of a sufficiently energetic power source that isn’t tied to a wall outlet or vehicle prevents on-foot expeditionary units
from taking advantage of rechargeable battery technologies in the field. The need to send personnel units (on foot or
by vehicle) out to service batteries in remotely fielded sensors and equipment presents significant logistics and
safety burdens and high cost. Fuel cell technologies are emerging as highly efficient methods for converting liquid
hydrocarbon fuels to usable energy in compact packages.

A 500-1000 Watt person-portable, compact, lightweight, low signature (acoustic, thermal, and magnetic), JP-8 fuel
cell generator would enable a significant reduction in the weight and cost of fielded batteries for expeditionary units
and longer-term operation of remote sensors, limited only by the size of the fuel tank. The ideal JP-8 fuel cell
generator would provide 500-1000 Watts power through a 28VDC NATO concentric plug output interface; weigh
about 15 pounds in a lunch-box sized package; start up in less than 10 minutes; provide power quality comparable to
current tactical generators; have an acoustic signature of less than70 dB at 7 meters; operate over a broad
temperature range; be able to operate from a remote fuel container with the capability to pump fuel from that
container; and operate for 1 hour on internal fuel. The unit should be able to operate for 600 hours before any major
components need to be replaced. This topic does not include development or integration of power
conversion/conditioning technologies beyond the requested NATO concentric plug output, which will provide
compatibility with existing battery charging units and other currently fielded equipment. Operation should be simple
and highly reliable. The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Develop and demonstrate innovative fuel cell generator system design and packaging concepts that
address the above requirements. Reasonable weights and volumes for system components based on current
technology readiness levels (TRLs) should be used. Feasibility of the proposed design and anticipated improvements
during Phase Il should be supported by available scientific test data. Make recommendations for a Phase Il detailed
design and document in a technical report.

PHASE II: Build and demonstrate a packaged prototype device suitable for advanced laboratory and supervised field
testing. Develop and implement a test plan that addresses the requirements above. Document and provide a Safety
Assessment Report of the systems.

PHASE IlI: Deliver several packaged prototype units for Navy testing. Provide interaction and spare parts as needed
during Navy advanced laboratory testing and limited field testing of the packaged prototype units.

Prepare a manufacturing plan and marketing plan to sell this product to the government as well as the private sector.
Make the necessary teaming arrangements with the manufacturers of the components used in this product.

PRIVATE SECTOR USE OF TECHNOLOGY: Improved compact generators would find wide-spread use as
primary or back-up power for remote cabins and camping applications, and for convenient outdoor power anywhere
wall plug electricity is not readily available, such as the beach.

REFERENCES:
1. DARPA Palm Power program web site and presentations/information
(http://www.darpa.mil/dso/thrust/matdev/palmpowr.htm).

KEYWORDS: Fuel Cells; Power Sources; Generators; JP-8; Portable Power; Batteries
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NO05-T017 TITLE: Mission Plan Understanding/Assessment Tools for Intelligent Autonomy Systems

TECHNOLOGY AREAS: Air Platform, Information Systems, Ground/Sea Vehicles

OBJECTIVE: Develop innovative mission plan understanding/assessment tools that will enable a mission manager
of multiple heterogeneous unmanned vehicles to rapidly judge the value of plans developed by autonomous systems,
choose between plan options, and understand how best to modify plans to achieve high-level tactical goals.

DESCRIPTION: The Navy is currently developing Intelligent Autonomy technology that will enable an operator to
act as a mission manager for multiple heterogeneous unmanned vehicles. These systems use complex optimization
approaches for autonomous and highly automated dynamic replanning for single and multiple vehicle teams based
on high-level operator individual vehicle and team tasking (e.g., search coastline, image target, etc.), constraints
(e.g., timing, precedence, no-go zones, etc), priorities, and rules of engagement. In addition, the operator will be
able to set the alert strategy and the level of autonomy for each type of contingency (fully autonomous replan, replan
by consent only, replan after informing operator and waiting a set period of time). The use of advanced
optimization approaches with a large number of operator-imposed and environmental constraints can make it
challenging for an operator to understand the rationale or value of plan changes proposed by the autonomous
system, particularly in a time-critical, high-workload environment. Due to the limitations of autonomous systems in
the complex military domain, operators must be able to rapidly judge the value of plans developed by autonomous
systems, choose between plan options, and understand the time-criticality of the situation and how best to modify
plans to achieve high-level tactical goals. In the event that a set of operator provided tasking with constraints is no
longer feasible, it is also important that the autonomous system be able to explain the reason for infeasibility to a
user, as well as ideally suggest a replacement set of constraints or tasks to be dropped or changed to make the plan
feasible.

The level of autonomy of interest includes multi-vehicle task allocation, mission task scheduling, and route, payload,
and communications planning based on high-level team and individual vehicle mission objectives. Remotely
operated vehicles that require direct operator control of the vehicle are not within the scope of this topic. Types of
approaches which may be applied to this problem include but are not limited to new plan visualization tools (e.g.,
cost function visualization), improved methods for plan dialogue between humans and automated systems, cognitive
modeling, and approaches for automatically assessing potential failure modes, sensitivities, limitations, and
strengths of plans generated by complex optimization techniques. Proposed technology should support time-critical
operator decisions that need to be made in a high-workload environment as well as a ship-board environment with
limited display space and manning. The primary application of interest is multi-vehicle operations from a platform
such as the Littoral Combat Ship (LCS) that could include as many as 5 tol10 different platforms such as air (e.g,
Firescout), undersea (e.g., Mission Reconfigurable Unmanned Undersea Vehicle), and surface vehicles (e.g.,
Spartan). The primary mission area of interest is littoral Intelligence, Surveillance, and Reconnaissance (ISR),
particularly of coastal and harbor areas. Also of interest, but of lower priority is Anti-Surface Warfare and Anti-
Submarine Warfare.

The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Develop an initial version of the proposed tools for a limited set of mission tasks and platform types with
sufficient functionality to demonstrate feasibility and allow some limited evaluation by Naval operators and domain
experts.  Ideally, this should include integration with limited-fidelity simulation elements to show closed-loop
performance. Develop metrics to evaluate the system in Phase 1l and determine how the tools will interface with
naval intelligent autonomy systems.

PHASE II: Further develop the proposed tools for a broader set of mission tasks and system types in a more
complex dynamic and unstructured environment and integrate them with a medium-fidelity simulation and sufficient
autonomy components to perform laboratory operator in-the-loop demonstrations and comparison with benchmarks.
Revise evaluation metrics and interfaces as necessary

PHASE IlI: Integrate the software with other naval intelligent autonomy software in a Naval control station such as
the Tactical Control System (TCS) and participate in integrated demonstrations of multi-vehicle operations.
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PRIVATE SECTOR USE OF TECHNOLOGY: This technology could be applicable to a wide range of civilian
applications of autonomy and automation including commercial spacecraft, the use of unmanned systems for search
and rescue and other first responder applications, and air traffic control.

REFERENCES:
1. Autonomous Operations Future Naval Capability Website [http://www.onr.navy.mil/fncs/auto_ops/].

2. O'Day et al, "Metrics for Intelligent Autonomy,” NIST Performance Metrics for Intelligent Systems Workshop,
2004.

3. M. Cummings, "Automation Bias in Intelligent Time Critical Decision Support Systems," AIAA Intelligent
Systems Conference, AIAA 2004-6313, 2004.

4. Cummings, M.L. and S. Guerlain, “Human Performance Issues in Supervisory Control of Autonomous
Airborne Vehicles,” AUVSI's Unmanned Systems North America 2004 Symposium, August 2004
[http://web.mit.edu/aeroastro/www/people/missyc/pdfs/AUVSI_Cummings.pdf].

5. Allen, J., DiBona, P., "Plan Understanding: Inferring Implicit Dependences from Explicit Elements in Multi-
Agent Plan Representation,” 2004 International MultiConference in Computer Science & Computer
Engineering, Las Vegas, NV, June 2004.

6. Veloso, M., Pollack, M., & Cox, M., "Rationale-based Monitoring for Planning in Dynamic Environment," In
Proc. Of the 1998 International Conference on Al Planning Systems, pp. 171-180, AAAI Press, Menlo Park,
CA, 1998.

7. P. Scerri and K. Sycara, "Adjustable Autonomy in the Context of Coordination,” AIAA Intelligent Systems
Conference, AIAA 2004-6367, 2004.

8. Adams, M., et al. "Mixed Initiative Planning and Control Under Uncertainty,” in 1st AIAA Unmanned Air
Vehicle Conference. 2002.

9. M. Hanson, E. Roth, C. Hopkins, V. Mancuso, "Developing Mixed-Initiative Interaction with Intelligent
Systems: Lessons Learned from Supervising Multiple UAVs, AIAA Intelligent Systems Conference, AIAA
2004-6310, 2004.

10. J. Wohletz,A. Khalak, D. Castanon, D. Logan, "Stochastic, Hierarchical, Adaptive, Real-time Control (SHARC)
of Automa-Teams for Tactical Military Operations,” AIAA-2002-3453 1st UAV Conference, Portsmouth,
Virginia, May 20-23, 2002.
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NO05-T018 TITLE: Single Crystal High Power Source for Torpedo Defense

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes, Sensors

OBJECTIVE: Develop a high power towed acoustic source capable of simultaneous or near-simultaneous
transmission of threat detection and acoustic countermeasure waveforms.

DESCRIPTION: Torpedo defense threat detection, classification and localization performance may be improved
through the use of a combined echolocation and countermeasure towed source. In its countermeasure mode, such a
source could be used to seduce threat torpedoes to attack the towed device rather than the ship. In its echolocation
mode, the source would ensonify the threat to provide range, Doppler, and bearing information to a receiving sonar
array. Achieving a near-simultaneous operation of these modes would allow the device to operate with no
restrictions on its time or bandwidth sharing in each mode. Additionally, most ships are able to tow only those
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bodies that meet the form factor of the existing towed countermeasure device, a small tow body requiring minimal
handling and maintenance. These capabilities are believed to be achievable only through the use of piezocrystal
material transducers. Because of their extremely large electromechanical coupling coefficient (~ 0.9), single crystal
materials such as lead zinc niobate titanate (PZN/PT) and lead magnesium niobate/lead titanate (PMN/PT) show
great promise as a suitable transduction material for high power underwater sources. They offer the potential for
great improvement in both broadband and energy density relative to the standard Navy PZT-8 ceramic transducers.
The proposed effort would explore the application of single crystal materials in a device that can demonstrate the
necessary characteristics for both torpedo echolocation and countermeasure functions.

A number of challenging issues arise when a towed source of this kind is conceived. Research questions must be
examined with regard to the material properties and behavior under high power and duty cycle conditions.
Engineering challenges that address the transducer design, electronics, packaging, hydrodynamics and tow cable
must be also considered.

The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Demonstrate scientific merit and capabilities of the proposed material selection and transducer design.
Circuit and finite-element modeling should be completed for single element and the array as a whole. Construct and
characterize a single element.

PHASE II: Explore the design of the array as a whole and develop the concept further. The single element tests
should be repeated using all candidate materials and final design selection made based on the results.

PHASE IlI: The transducer array design should be implemented and tested in a tank. Designs for the electronics,
tow body, packaging and cable should be completed. Construct a prototype device for demonstration at sea.
Transition the technology to applications in the commercial sector and to the relevant Navy systems.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of a compact high power source will
enable a number of commercial underwater sonar applications, especially in littoral waters. Potential users include
cable/conduit surveyors, underwater salvage experts, and fishermen.

REFERENCES:
1. “Analysis of Flexural Strength and Failure in PMN-PT”; L.Ewart, Ceramic Transactions-Advances in Dielectric
Ceramic Materials, American Ceramic Society, 1998.

2. “Flexural Failure of Navy Type Il PZT”, L. Ewart, Extended abstracts of the Eighth US-Japan Seminar on
Dielectric & Piezoelectric Ceramic”, 10/97.

3. *“Electromechanical Characterization of S200102-9003 PMN/PT/ST/SR For Use in Sonar Projectors,” E. A.
McLaughlin, J. M. Powers, R. T. Richards, NUWC-NPT Technical Memorandum 990011, January 20 (1999).

4. “Single Crystal PZN/PT as a High Power Transduction Material,” M.B. Moffett and J. M. Powers, NUWC-PT-
Technical Memorandum 972127, September 29 (1997).

KEYWORDS: Torpedo Countermeasures; Piezocrystals; Torpedo Detection; Salvo Detection and Localization;
High Power; Transducers

NO05-T019 TITLE: Level 2 and 3 Data Fusion for Asymmetric Threat Detection

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop innovative Level 2 and 3 data fusion methods suitable for automated detection of
asymmetric (i.e., terrorist/insurgent) threats, especially in urban environments.
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DESCRIPTION: Asymmetric threats to U.S. forces pose severe challenges to current intelligence systems and
processes, especially in crowded urban environments. Information and patterns of behavior that could provide
advanced warning of hostile intent are often hidden in a vast background of harmless civilian activity. Automated
processing techniques are needed to augment tactical intelligence analysis capabilities by automatically identifying
the militarily-relevant features of all available data of different modalities (e.g., signals intelligence, human
intelligence, imagery intelligence, etc.) and recognizing patterns that are out of the ordinary and/or indicate probable
hostile intent. These functions are classified in the Joint Directors of Laboratories (JDL) Data Fusion Model as
Level 2 and 3 fusion. The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Develop/refine and demonstrate algorithms capable of performing Level 2 and 3 fusion for detection of
asymmetric threats using simulated data in a research-oriented environment. Develop appropriate metrics and
characterize the performance of the initial algorithms. Suggest improvements for Phase I1.

PHASE I1I: Prototype the fusion system, including development of initial user interfaces, implementation of
algorithm improvements identified during Phase I, and integration with at least two disparate sources of real-world
data. Characterize performance and compare to Phase | performance. Conduct a demonstration for users and gather
feedback.

PHASE Ill: Integrate the Level 2 & 3 fusion algorithms into the Marine Corps Distributed Common Ground
System (DCGS). This includes hosting in the DCGS hardware and networking environment, implementation in
Java 2 Enterprise Edition (J2EE), integration with all available real-world databases and data sources, providing
appropriate Web Services interfaces, refining user interfaces, and making other improvements suggested by users
during Phase Il. Support a Field User Evaluation in an operational environment. Characterize the improvement in
DCGS performance.

PRIVATE SECTOR USE OF TECHNOLOGY: This technology would have direct application to civilian law
enforcement and security, especially for detection of organized or recurring criminal activity and for detecting
threats to large public events. Advancements in the general techniques likely to be used would also benefit the
wider fields of decision support and automated inferencing tools used for diverse purposes from system failure
prediction to marketing.

REFERENCES:
1. http://www.data-fusion.org/article.php?sid=70 (Background on Joint Directors of Laboratories Data Fusion
Model)

2. http://hginet001.hgmc.usme.mil/Dirlnt/4Aug03_MAGIS_V7.pdf (Background on Marine Corps Air/Ground
Intelligence System and Distributed Common Ground/Surface System)

3. S. Das, R. Grey, and P. Gonsalves, “Situation Assessment via Bayesian Belief Networks,” 5th International
Conference on Information Fusion, Maryland, July 2002.

KEYWORDS: Data Fusion; Decision Support; Artificial Intelligence; Intelligence Analysis; Asymmetric Threats;
Intelligence, Surveillance and Reconnaissance (ISR)

NO05-T020 TITLE: Wireless Sensing for Survivable Machinery Control

TECHNOLOGY AREAS: Ground/Sea Vehicles, Materials/Processes
ACQUISITION PROGRAM: DD(X)
OBJECTIVE: Develop innovative shipboard wireless networks and application software capable of operation

through and around multiple steel compartments and obstructions, for communication among intelligent components
within a machinery control system.
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DESCRIPTION: With the advancements and proliferation of wireless voice and data communications, there is a
logical extension of these technologies to machinery control systems and perhaps ultimately to total ship systems
control. The state of control and automation technology is promoting schemes where each component of the system
is an intelligent “smart” device capable of making its own local decisions (self control) based on information
provided by other intelligent devices. To facilitate this, components must communicate to one another within
logical groups. Typically this communications occurs over twisted pair or fiber optic media. In a highly automated
ship, which is anticipated to be necessary to achieve manning reduction goals, the communications infrastructure
required to support these control and automation schemes that may be impractical, especially given the requirements
for survivability. New technologies are sought that would demonstrate the feasibility of control and automation
communication employing wireless media or combined wired/wireless architectures that employ local “hot spots”.
The particular challenges are communications through and around steel ship compartments, software architectures
for distributed control on these networks, achieving necessary bandwidth in such wireless networks, and doing so
with minimum power requirements and so that communications and processing can use stored or scavenged power.
Among the issues that need to be investigated are passive through-wall repeaters and communication through wall
openings. Other ongoing programs are focusing on wireless communication within a compartment / machinery
space. The primary benefit of this proposed concept is reduced installation costs, cable weight, and highly
survivable control system communications. At the same time attention is needed to the resulting distributed system
management challenge (and to possible solutions, such as the use of software agent technology), and to network
security. The network should be disruption tolerant and resilient to intrusion, eavesdropping, jamming and
interference. Provisions that would allow compartmentalization of the network’s traffic (such as key group
management) are also desired.

Establishing and maintaining information exchange optimally between individual smart sensors and components
throughout the ship suggests insertion of some form of wireless transmission system within the intelligence of
various machinery components. The configuration will be to have all functions, sensing, processing, and
transmission/receiving, on a single chip, directly mounted on a mechanical component. Communication and data
exchange with the nearest neighboring intelligent components in the same space or compartment is the minimum
requirement. Communication within a neighborhood of multiple components in multiple compartments is required.
The proposed effort is to establish system wide communication between intelligent components, and to maintain
operation through battle conditions. When the communication network is interrupted due to damage or power
failure, the intelligent components will be able to use diversity and route redundancy to maintain system wide
communication.

Among the issues that this effort must address are: selection of wireless protocols, interface of communication
protocols with distributed control protocols, security of the wireless networks, and survivability in the face of
involuntary partition and damage to network. The Navy will only fund proposals that are innovative and involve
technical R&D risk.

PHASE I: Provide an initial development effort that demonstrates scientific merit applied to frequency, range,
bandwidth, and power transmission through and around metal. A laboratory scale wireless device should be
fabricated and characterized for fidelity of transmitted data versus received data through a single bulkhead.

PHASE II: Fabricate and characterize prototype wireless network capable of transmission through several
bulkheads.

PHASE III: Produce reliable and survivable transmission of information with adequate bandwidth through steel
bulkheads from one side of a ship to the other. Demonstrate secure wireless transmission that provides self-
organizing and self-healing embedded network platforms.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of wireless transmission through and
around multiple metal compartments and walls will extend communication development for industrial warehouse
and commercial building applications.

REFERENCES:

1. S. Capkun et al.: “Self-organized public-key management for mobile ad hoc networks,” IEEE Transactions on
Mobile Computing, Jan-March 2003, pp. 52-64.
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6180/0198 of 20 June 1997.
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NO05-T021 TITLE: Energy Scavenging Unmanned Surface Vehicle for Long Range Surveillance

TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: Develop and demonstrate energy scavenging technology for a low cost, autonomous sea surface
vehicle that obtains power for propulsion, communication, and sensors from the environment, enabling greatly
extended range and endurance.

DESCRIPTION: The Navy is developing and demonstrating a variety of unmanned surface vehicles for a wide
range of potential missions. The primary source of power and propulsion for these vehicles is combustion of diesel
fuel. This limits the range of the vehicle to a few hundred miles, with mission duration typically no longer than a
few days. By scavenging energy from the environment through wind or solar power or other means, it may be
possible to design autonomous vehicles with almost unlimited range and endurance. These vehicles could be used
for surveillance of large areas of the earth’s oceans.

The Navy seeks innovative technology for energy scavenging that enables an unmanned surface vehicle to transit
across long ocean distances, maintain a desired position against the forces of wind and tides for an indefinite period
of time, and survive in high sea states, operating autonomously with only occasional operator intervention. The
focus should be on clever integration of available technologies rather than on component development. The Navy
will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Develop a detailed system design that provides the desired attributes listed above. Identify vendors for
key components, develop a cost model, and develop control algorithms. Demonstrate the proof-of-concept.

PHASE II: Fabricate and demonstrate an integrated prototype system at an appropriate scale to convincingly
demonstrate the feasibility of energy scavenging as a primary energy source for propulsion and other uses on board
unmanned surface vehicles. If possible, this should be demonstrated on a prototype vehicle at sea.

PHASE III: Develop a complete energy scavenging USV capable of performing useful missions with demonstrated
high reliability.
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PRIVATE SECTOR USE OF TECHNOLOGY: Government enforcement and scientific agencies, including the
Coast Guard, National Marine Fisheries Service, and NOAA may have interest in a vehicle with these capabilities.
Local and state law enforcement agencies and foreign governments may also provide a market for this type of
vehicle.

REFERENCES:

1. “Spartan Unmanned Surface Vehicle Envisioned for an Array of High Risk Missions”, Sea Power magazine,
May 2003.

2. http://www.darpa.mil/dso/trans/energy/briefing.html

3. http://www.sciencenews.org/articles/20010414/bob12.asp

4. http://www.epa.gov/cleanenergy/addinfo.htm

KEYWORDS: Unmanned Vehicle; Power Generation; Energy Scavenging; Propulsion; Surveillance; Unmanned
Surface Vehicle (USV)

NO05-T022 TITLE: Underwater Acoustic Communications

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Battlespace

OBJECTIVE: Develop innovative models, algorithms, and systems for the next generation of underwater acoustic
modems and network architectures that will be required to facilitate autonomous/distributed approaches to ocean
observation.

DESCRIPTION: Underwater acoustic channels are typically band-limited and reverberant and pose many obstacles
to reliable, high-speed digital communications. Early analog systems had no capability for mitigating the distortion
introduced by the highly reverberant underwater channel. The next generation of systems which employed
frequency-shift-keyed (FSK) modulation of digitally encoded data proved fairly robust to the time and frequency
spreading of the channel, but their inefficient use of bandwidth coupled with the limited availability of bandwidth
underwater makes them ill-suited for high-data-rate applications. FSK, which is an energy-detection (incoherent)
rather than phase-detection (coherent) algorithm, can generally support range*rate products of order 1 km*kbps.
Some coherent schemes (e.g. phase-shift-keyed or PSK) can support range*rate products of order 20 km*kbps, but
are typically tailored to a single (often fairly benign) class of channel. The future requirements of underwater
communications (e.g. supporting cooperative behavior amongst networked UUVs) will require even higher
range*rate products in ever more challenging environments. Many factors including size, power requirements, data
rates, error rates, computational complexity, and range will have to be considered and balanced when designing the
acoustic communication systems that will be key to the ultimate success of many future undersea combat systems
and ocean observing systems. The Navy will only fund proposals that are innovative and involve technical R&D
risk. Areas of interest for this STTR include the following:

1) Acoustic propagation models tailored to communications applications — Channel characterization that captures
the time variability of the channel scattering function is a necessary component of these models.

2) Development of improved algorithms for estimating the time-varying impulse response of the ocean in rapidly
fluctuating environments — Signal and receiver design must be integrated with channel characterization work.

3) Development of the means to exploit the temporal, frequency, spatial, and bearing diversity of acoustic channels.
4) Novel approaches to error control coding (as limited bandwidth penalizes excessive redundancy while latency
discourages automatic repeat requests).

5) New topologies, routing algorithms, and protocols that can deal with channel blockages (bubbles in the surf
zone), as well as the range and data rate limitations in mobile network scenarios.

6) Modulation techniques that either improve the capacity of a communications link or make demodulation
performance easy or relatively insensitive to channel estimation errors.

PHASE I: Research an approach for one of the six elements described above. Design an improved model,

algorithm, channel diversity exploitation, error control, network design, or modulation strategy and demonstrate
proof-of-concept.
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PHASE II: Develop and test a prototype of the communication element.
PHASE I1I: Transition resulting technology to relevant DOD and civil sector applications.

PRIVATE SECTOR USE OF TECHNOLOGY These elements can be applied to improve underwater
communications systems used for commercial and research ocean observing networks. Ocean exploration for natural
resources (including biological and mineral resources), at-sea platform construction, and telemetry of video and
other sensor information from unmanned underwater vehicles and stations require improved underwater modem and
network technologies.

REFERENCES:

1. D. B. Kilfoyle, A. B. Baggeroer, The State of the Art in Underwater Acoustic Telemetry, IEEE JOE, VOL. 25,
NO. 1, JANUARY 2000

2. http://www.onr.navy.mil/02/baa/expired/2001/baa01_012/pip/docs/acomms.doc

KEYWORDS: Underwater Communication; Acoustic Modem; Acoustic Telemetry; Network Architecture;

Algorithms; Acoustic Propagation Models

NO05-T023 TITLE: Ferromagnetic Shape Memory Alloy Hybrid Devices

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop and demonstrate ferromagnetic shape memory alloy based devices that incorporate other
materials and/or mechanisms to enhance the capabilities of the basic material and improve the overall performance
of the device.

DESCRIPTION: Ferromagnetic shape memory alloys are a new class of active materials that show very large
magnetic-field-induced strains up to 6% in single-crystal form. To date the observed blocking stresses have not
exceeded 10 Mpa. The mechanism by which these materials strain is field-induced twin-boundary motion which is
different from magnetostrictive materials such as Terfenol-D which strain via magnetization rotation relative to the
crystallographic axes. The low blocking stresses observed in the material might relegate the material to a fate
similar to soft electro-active polymers and thus limit their applications and so the current emphasis at the research
level is to determine means to increase the blocking force and/or adapt the material for use in a transducer or
actuator that works within the boundaries of the material. From the transducer point of view, the achievable strains
are like that which is found with moving coil transducers that suffer from being fragile mechanical mechanisms.
But what is needed is a hybridization of the material either at the material level (possibly a hybrid composite) or at
the device level that utilizes another material (such as PZT ceramic, Terfenol or Galfenol) to achieve a performance
or attribute that the material on its own cannot achieve. An example is the hybrid transducer (patented by Clark and
Butler) that combines piezoelectric drive with magnetostrictive drive to achieve a significant increase in useable
bandwidth as a power projector. Another example is with ferromagnetic shape memory alloys in which acoustic
pulses are used to enhance the magnetic performance of the material. The Navy will only fund proposals that are
innovative and involve technical R&D risk.

PHASE 1. Identify a technology concept, preferably an underwater transducer design of frequency band and
hydrostatic pressure capability that interests the Navy. The initial design work shall include a review and analysis of
material parameters and potential transducer mechanisms. It is expected that the device under design shall be a
hybrid in nature and designed to optimize and enhance the performance of the ferromagnetic shape memory alloy.
Results should either be from a prototype or components and models of the end design of sufficient extent to show
viable extrapolation to prototype performance.

PHASE I1I: Develop, build and test a prototype and optimize the design to achieve performance goals mutually
agreed upon in Phase | by the Navy and the contractor.
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PHASE IlI: Complete design and fabrication of a fully operational hybrid transducer that is capable of being tested
in water and at depth to demonstrate acoustic performance. Include analysis of anticipated array performance (if that
is the end product) based on single transducer data to validate model predictions.

PRIVATE SECTOR USE OF TECHNOLOGY:: The projected non-military use of these materials and devices lie in
the area of actuators and vibration control technology. The manufacturing world is involved in the process of
replacing hydraulic devices that move things or control motion with electromechanical mechanisms as a means to
increase reliability and decrease maintenance costs. The obstacle to this change is duplicating the stroke available
from hydraulic devices along with the high force that can be produced. Various piezoelectric and magnetostrictive
materials can match the force capability of hydraulics but lack the displacement requirements needed for many
applications. These new materials can compete with hydraulics but require some additional ‘boost’ to provide the
forces desired. A hybrid device is the opportunity to optimize the final device by providing the stroke capability of
ferromagnetic shape memory alloys while having the force needed to move heavy loads.

REFERENCES:
1. “Large Magnetic-field-induced Strains in Ni2MnGa Single Crystals," R.C. O'Handley, K. Ullakko, J.K. Huang,
and C. Kantner, Appl. Phys. Lett. 69, 1966, (1996)

2. “6% magnetic-field-induced strain by twin-boundary motion in ferromagnetic Ni-Mn-Ga", S.J. Murray, M.
Marioni, S.M. Allen, R.C. O’Handley and T.A. Lograsso, Appl. Phys. Letters, 87, 886 (2000)

3. “Giant magnetic-field-induced strain in NiMnGa seven-layered martensitic phase,” A. Sozinov, A.A.
Likhachev, N. Lanska, K. Ullakko, Appl Phys. Lett. 80, 1746 (2002)

4. R.D.James and M. Wuttig, Phil. Mag. A77, 1273 (1998)
5. http://web.mit.edu/bobohand/www/gerver/www/
KEYWORDS: Ferromagnetic Shape Memory Alloys; Acoustic Transducers; Actuators; Anti-Submarine Warfare;
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NO05-T024 TITLE: Hybrid Propulsion Systems for Undersea \Weapons

TECHNOLOGY AREAS: Ground/Sea Vehicles, Weapons

OBJECTIVE: Develop innovative hybrid (thermal and electrical) propulsion system technology for undersea
weapons. The hybrid propulsion systems are designed and optimized to operate efficiently over a broad range of
power levels.

DESCRIPTION: Hybrid propulsion systems offer increased efficiency over a broad range of power levels. For
example, in automotive hybrid propulsion systems, the internal combustion engine delivers power to the vehicle
under highway conditions, while simultaneously charging a bank of nickel/metal hydride batteries. For stop-and-go
city driving, the electric motor draws energy from the batteries. Since the challenging high torque/low power
conditions are handled by the electrical subsystem, a smaller and more efficient internal combustion engine can be
deployed, resulting in improved overall efficiency.

Similarly, in a generic hybrid undersea weaponry propulsion system, a high-power turbine is complemented by a
fuel processor and solid oxide fuel cell for low-power operation. The fuel cell delivers power more efficiently at
low speeds than does the full power turbine operating at an off-design condition. This makes the system more
efficient than a conventional system when performing missions that requires both long range/low power (e.g.,
stealthy search) and high power (e.g., attack) modes, allowing it to effectively prosecute a wide variety of missions.

The design of a hybrid propulsion system requires a tradeoff between ultimate performance and increased flexibility;

hence multidisciplinary design optimization (MDO) techniques must be applied to optimize the selection of
candidate powerplants. The Navy will only fund proposals that are innovative and involve technical R&D risk.
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PHASE I: Conduct feasibility study to develop hybrid thermal and electrical propulsion systems for next generation
torpedoes. Modeling and simulation, MDO techniques are used to analyze the hybrid systems.

PHASE II: Design and develop hybrid propulsion system prototype for undersea weapons. Experiments and testing
will be conducted in the laboratory or in-water to demonstrate the capabilities of the hybrid propulsion systems.

PHASE IlII: Extend the Phase Il effort to incorporate the hybrid propulsion systems in next generation torpedoes or
future undersea weapons. Collaborate with Navy laboratory and industry to transition the propulsion technology to
undersea weapons and other non-military applications.

PRIVATE SECTOR USE OF TECHNOLOGY: The hybrid propulsion systems developed in this STTR can be
easily applied to the private sector. Examples are the propulsion systems that power ground (automobiles), sea and
air vehicles.

REFERENCES:
1. Klanchar, M., et al., “Energy Sources Development for the HYDROX Propulsion System,” Journal of
Underwater Acoustics, 43 (1), January 1993.

2. Klanchar, M. and Peters, J. A., “Hydrogen Generation via a Molten Metal-Water Reaction in a Semi-Batch
Reactor,” Proceedings of the 40th Power Sources Conference, June 2002.

3. Roberts, R. W., “A Complete Thermodynamic Analysis of a Swashplate Piston Engine,” Masters Thesis,
Department of Mechanical Engineering and Applied Mechanics, University of Rhode Island, Kingston, Rhode
Island, 1987.

4. Gano, S. E., etal., “Simulation Based Optimization of an Autonomous Underwater Vehicle,” Proceedings of the
45th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics & Materials Conference, No. AIAA-
2004-2034, Palm Springs, CA, 19 — 22 April 2004.

5. http://shd.npt.nuwc.navy.mil/publications.htm
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NO05-T025 TITLE: Advanced Magnetic Sensing

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE: Develop novel magnetic sensors and/or signal processing techniques to detect ultra low frequency
(DC to 5 Hz) sub-nanoTesla magnetic field anomalies in a geomagnetic and geologically cluttered environment, for
evolving defense missions in littoral regions both for Anti-Submarine Warfare and Mine Warfare.

DESCRIPTION: The Navy is interested in development of novel magnetic field sensing devices and their
accompanying noise reduction and classification techniques to allow detection and localization of submarines and
subsurface buried mine targets with a high probability of detection and low false detection rate. The detection of
very low magnetic fields in a noisy geologic/geomagnetic environment involves basic physics, materials science,
device invention and design, and signal processing to separate and discriminate signal from noise. Ultimately, a
magnetic detection system must deal with trade-offs among resolution, processing requirements, power, cost, size,
simplicity of use, and lifetime. The sensors may be at the ocean surface, bottom-mounted, on autonomous
underwater vehicles or airborne and may be used as arrays or in multi-sensor combinations and directly integrated
with signal processing electronics to improve sensitivity, signal to noise, directionality, and selectivity (canceling or
subtracting signals from sensor platform). The type of physical measurement will help determine the optimal signal
processing algorithm to extract signal from noise. It will require sophisticated analysis of fields detected as a
function of time, direction, frequency, and strength. Sensor research can include novel materials, structures,
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innovative devices, and enhancements to existing devices (Electron Spin Resonance, Nuclear Magnetic Resonance,
Fluxgate sensors) which significantly improve performance (size, weight, power and cost). This new magnetic field
sensing system should be affordable, low power, reliable and deployable to provide sustained surveillance of the
ocean to detect submarines and certain types of mines. A significant payoff to Navy defense mission applications
will include submarine and surface ship detection and tracking, mine hunting (including in the beach/surf zone),
weapons detection, underwater surveillance carried out by unmanned vehicles, and ground incursion sensors. All
magnetic sensor technologies will be considered. The Navy will only fund proposals that are innovative and involve
technical R&D risk.

PHASE I: Provide an initial development effort that demonstrates scientific merit and capabilities of the proposed

magnetic sensor and/or noise reduction techniques. Evaluations for sensing devices will be based on sensitivity at

sub hertz frequencies, power consumption, size and cost.

PHASE II: Build and characterize prototype magnetic sensor and/or noise reduction algorithm. In this phase the

prototype need not be fully compatible with all anti-submarine warfare (ASW) or mine warfare (MIW) platforms,

but a clear and short development trail must be established to show how full compatibility could be achieved.

PHASE IlI: Develop and deliver the magnetic sensing system for use in MIW or ASW applications.

PRIVATE SECTOR USE OF TECHNOLOGY:: Advanced magnetic sensors and systems are presently being used

or under consideration for potential employment in various commercial applications. These include: Geological

exploration and mapping, underground and undersea cable/pipe location, archeology, earthquake prediction,

biomedical, manufacturing quality control, space vehicles and law enforcement.

REFERENCES:
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9. *“Noise in the Geomagnetic Tail”, C.T. Russell, Planet. Space Sci., 20 (9)1541-1553, 1972.

KEYWORDS: Magnetometer; Magnetics; MAD; Geomagnetic; Geologic; Sensors

NO05-T026 TITLE: A Profiling Bioluminescence Sensor for use in the Coastal Ocean

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics, Battlespace
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OBJECTIVE: To develop a revolutionary, inexpensive (under $50K per unit) or possibly expendable (under $1K
per unit) sensor capable of accurately measuring vertical profiles of bioluminescence potential in the upper 100
meters of coastal ocean environments by taking advantage of substantial improvements in electronics,
miniaturization, data processing and data storage over the past two decades. The sensor system should be light
(capable of being handled by one person), self-contained and capable of collecting profiles either by free falling or
attached to a cable for vertical profiling (operable over the side of a ship). It should be capable of 1-meter or finer
vertical resolution. The sensor system should be equipped with digital data storage and/or digital data telemetry via
conducting wire back to the launch platform.

DESCRIPTION: Bioluminescence (the chemical production of light by an organism) is a common organism
behavior in the marine environment (Widder 1997). In coastal waters, the primary sources of bioluminescence are
the ubiquitous, single-celled dinoflagellates, which can bloom in high abundances (many thousands of cells per liter)
and which flash when mechanically disturbed, as by local motion. Many zooplankton and marine bacteria also
exhibit bioluminescence. Bioluminescence displays in the ocean have been associated with the movement of
dolphins (Rohr et al. 1998) and fish, as well as boats. This phenomenon represents an operational threat to U.S.
Navy nighttime operations because of the possible detection of flow-stimulated light emission, and conversely
provides a potential opportunity for U.S. Naval detection of possible in-water threats. To assess the possible risk
from flow-stimulated bioluminescence, the Naval Oceanographic Office (NAVOCEANO) measures the potential
for stimulated marine bioluminescence for incorporation into a Navy database. Their ability to collect these
measurements is severely constrained by the absence of modern, commercially available instruments capable of
collecting this type of data. Surface measurements (no vertical information) of bioluminescence activity can be
collected using a hull-mounted sensor. Full vertical profiles of maximum stimulable bioluminescence potential are
obtained using a single instrument, the HIDEX (Widder et al. 1993). This instrument is approximately 20 years old,
is large (approximately the size of a freezer), heavy, expensive, and could not be replaced today. One copy only of
this old instrument exists in the academic sector (at Harbor Branch Oceanographic Institution). The HIDEX is
difficult and cumbersome to deploy and maneuver in the water and cannot be operated in waters less than 30 m
deep. Nevertheless an instrument with the capabilities of HIDEX is invaluable for collecting vertical profiles of
bioluminescence because coastal waters often exhibit complex vertical structure and high variability (e.g., see
Oceanography, 1998, Vol. 11(1); also see http://www.gso.uri.edu/criticalscales/index.html ). The capability to
easily and frequently measure stimulable bioluminescence would allow the oceanographic research community to
better understand ecosystem dynamics and variability. The Navy's capability to collect bioluminescence profiles,
and to improve its understanding of the threat posed by bioluminescence in the world's coastal oceans, would be
significantly enhanced by the availability of smaller, less expensive, and more easily deployed profiling sensors
capable of accurately measuring bioluminescence potential. The sensor platform should be capable of digital data
storage and/or digital data transmission back to the launch platform which will facilitate future adaptation to other
sensor capabilities.

PHASE I: Design a benchtop sensor package capable of measuring stimulable bioluminescence according to criteria
specified above (see Objective). The design must allow for an instrument equipped with all necessary power and
analog-to-digital conversion hardware, with the instrument designed to be deployable from a ship (free falling or
attached to a cable for vertical profiling). In the option, design a sensor calibration system for use at sea.

PHASE II: Construct one version of the sensor designed during Phase 1, and test it at sea. Construct and test one
version of the sensor calibration system. Evaluate prototype sensor accuracy and drift during sea trials including
simultaneous testing against the Navy standard HIDEX sensor (or its one equivalent unit in the academic sector).
Perform at-sea tests encompassing a range of probable levels of bioluminescence activity. Design, build and test a
second version of the sensor and calibration system, as required, based on results from initial sea tests. Finalize
design of the sensor and calibration system.

PHASE IlI: The intent in Phase 11l is for the commercial vendor to be able to offer a complete sensor package,
including software and documentation, and calibration mechanism, to the research and Navy communities.

PRIVATE SECTOR USE OF TECHNOLOGY: Bioluminescence in the coastal ocean often is exhibited in discrete

horizontal layers or patches. As such it is often useful as a short-term natural tracer of water mass motion and
mixing. It has been argued that stimulable bioluminescence potential is a useful, measurable proxy for planktonic
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biomass. Moreover, bioluminescence is often associated with harmful algal blooms, which have major impacts on
coastal ecosystems and human health. Therefore, a capability to measure vertical profiles of marine
bioluminescence inexpensively has potentially widespread utility in the oceanographic research and environmental
monitoring communities.

REFERENCES:
1. Rohr, J, Latz, M.1,, Fallon, S., Nauen, J.C., Hendricks, E. 1998. Experimental approaches towards interpreting
dolphin-stimulated bioluminescence. Journal of Exp. Biol. 201: 1447-1460.

2. Widder, E.A., 1997. Bioluminescence - shedding light on plankton distribution patterns; evolution of
instrumentation; underutilized oceanographic tool. Sea Technology (March issue), 33-39.

3. Widder, E.A., Case, J.F., Bernstein, S.A., Maclntyre, S., Lowenstine, M.R., Bowlby, M.R., Cook, D.P., 1993. A
new large volume bioluminescence bathyphotometer with defined turbulence excitation. Deep-Sea Res. 40:
607-627.
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NO5-T027 TITLE: Littoral Sensors for Naval Special Forces

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE: Develop innovative sensor technology for measuring littoral oceanographic parameters (e.g., waves,
water temperature, current velocity, bottom properties, etc.) critical to operational safety. The sensors should be
compact and simple to deploy, provide measurements having operational (not scientific) level of accuracy, and
should have a limited deployment life or be expendable. Communications between sensors may be via satellite or
radio telemetry.

DESCRIPTION: Naval Special Forces must often operate in areas for which little battlespace environmental
information is available. Yet even limited information could dramatically alter the odds of a successful and safe
operation. Many of the operational requirements are very site specific (near surf zone, in rivers or bays) and are in
areas where satellite remote sensing as an example can be very misleading due to resolution of the land-sea interface
or because they are surface measurements and not indicative of conditions at depth. Sensors would typically be
deployed within 10 km of the coast, in the surf zone or rivers/bays/estuaries.

Sensors should report either by RF link or preferably via satellite, and should be reasonably lightweight, compact
and easy to deploy. The sensors need not have the level of accuracy required for scientific studies but should be
stable, durable and operational for times in the week to month range. They can be either moored/anchored or free
floating. In principle they may be conceived as low cost and possibly expendable.

The Navy believes that a host of potential sensor candidates have been developed as part of ONR-sponsored
research efforts in universities and private industry. Available research sensors have been heavily skewed towards
long-term deployment and scientific accuracy, and have often used fixed cables for communication to shore. While
satellite-reporting versions of a few sensor systems are available, a number of research sensor systems might be
modified to work with existing communications components. In addition, new sensor systems using GPS-based
measurement technology that may significantly improve payload size and cost. Sensors that already have a
demonstrated capability in the research environment are preferred.

The Navy is interested in promoting collaborations between universities and the private sector to develop sensors
that can be applied for the Naval Special Forces problem. The technical challenges involve the integration of sensor
and communication components into lightweight/compact packages having the required accuracy and durability, and
demonstrating that the sensors perform in the range of environments required. The Navy will only fund proposals
that are innovative and involve technical R&D risk.
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PHASE I: Develop innovative sensor/communication technologies and demonstrate proof-of-concept with an
estimation of cost, performance and operational deployment strategies. The communication options should be
consistent with Naval Special Forces needs.

PHASE II: Develop, demonstrate and validate prototype sensors. Viability of communication options must be
established and verified. Development and demonstration of data read-out and processing should be established.

PHASE IlI: Produce sensors and conduct field validation and confirmation by operating forces in conjunction with
OEMs. Transition the technology to scientific use in the civil sector and/or in operational DOD systems.

PRIVATE SECTOR USE OF TECHNOLOGY: The proposed sensors should have use outside the military for
short-term monitoring of the littoral ocean environment. For example, an industry or government entity might
deploy sensors to assist in recovery operations from an oil spill, hazardous waste response episode, or to monitor
conditions during construction or other short-term operations not requiring a permanent measuring station. It would
appear that by reducing cost and size, increasing ease of deployment would offer all the same advantages to non-
military users as it does to the Navy.

REFERENCES:

1. http://science.whoi.edu/users/pvlab/NCEX/ An ONR Coastal Geosciences research project to investigate
nearshore waves and circulation in a region having highly variable bathymetry; such projects exemplify the sort
of sensors and field validation context necessary to integrate littoral sensors into useful operational products for
NSW.
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NO05-T028 TITLE: Advanced Atmospheric Instrumentation

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Sensors

OBJECTIVE: Develop advanced low-weight, low-power, and low-volume instruments/sensors/techniques to
measure atmospheric parameters from aircraft or surface platforms.

DESCRIPTION: Innovative sensors and measurement techniques are solicited to obtain meteorological and
oceanographic (METOC) variables from piloted aircraft or remotely-piloted aircraft with possible application to
ships and buoys. Emphasis is on two types of instrumentation, either for measurements in the surface-layer region
immediately above the ocean from stand-off systems, or for remote measurements of vertically-resolved upper
atmosphere state variables (temperature, humidity) and winds. Requirements include the accurate measurement near
the surface of three-dimensional winds, turbulence, temperature, and humidity; aerosol and optical properties; and
surface waves, with high fidelity in a wide range of seas and winds. Included are instrumentation development
efforts that would result in significant improvements in frequency response, sensitivity, reliability and cost savings,
or would develop new capabilities for measurements currently unobtainable by other means near the ocean surface.
Focus is on sensors such as laser Doppler velocimeters (LDV), novel lidars, remote directional wave lasers, etc.;
platform motion and data recording/transmission are not included. Priority is given to devices that can lead to
substantial improvements in ship self-defense, air strike targeting and special operations, through improved battle
space environmental knowledge.

The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Develop and demonstrate an instrument design concept for achieving the measurement and provide both
an exact description of the parameters to be measured including accuracy and sensitivity.

PHASE II: Produce a viable prototype system and demonstrate its ability to support field measurements from an
appropriate platform.
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PHASE Ill: Transition the technology to scientific use in the atmospheric, oceanographic or environmental
communities, and research and operational DOD systems.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of advanced atmospheric sensors will find
application in environmental markets. Examples where improved instrumentation is needed are regulatory air
pollution monitoring, coastal weather watch stations, off-shore platforms, and homeland defense. Development of
aircraft-based sensors will find application in weather avoidance, e.g., clear air turbulence, environmental
monitoring, and automatic reporting of weather data.

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.
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NO05-T029 TITLE: Low Drag, Underwater Acoustic Source for Sea surface-based Mine Sweeping

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics, Battlespace

OBJECTIVE: Develop a low drag, towed acoustic source for influence mine sweeping from an Unmanned Surface
Vessels (USV).

DESCRIPTION: The U.S. Navy is investigating the tactical benefits of a broad range of applications of Unmanned
Surface Vessels (USV) for littoral warfare missions. In particular, the concept of using USVs for influence mine
sweeping is currently under development. Potential advantages of USV MCM influence mine sweeping relative to
those of the MH-53 and MH-60 helicopters include lower operational cost, increased mission endurance, decreased
dependence on high-value aircraft assets, and removal of personnel from harm’s way. However these apparent
advantages must be weighed against current limitations in surface craft suitable for the minesweeping mission and
their lower towing and payload carrying capability. The payload carrying and low speed towing capacity of
standard Navy Rigid Hull Inflatable Boats (RHIBs) is limited, particularly while towing magnetic and acoustic
influence mine sweeping equipment in representative operating environments and even moderate sea ways. Typical
engine and propulsor systems for these RHIBs are not optimized for extended towing, and their thrust capability is
insufficient to overcome the loads produced by existing helicopter towed sweep equipments.  Recent studies
detailing the characteristics, use and capability of RHIBs and existing minesweeping devices for mine
countermeasures purposes include:

. “A Study on the Use of Unmanned Surface Vehicles for Integrated Mine Countermeasures in Littoral
Amphibious Warfare”, multiple authors, in fulfillment of ONR contract N00014-99-C-0077, 7 August 2000
. “Powering and Dynamic Performance of Small Unmanned Surface Vehicles for MCM System

Deployment”, Naval Surface Warfare Center-Panama City, DRAFT Project Report 08215, 14 August 2004

Innovative solutions are sought to develop a low drag (less than 400 lbs at 15 knots), acoustic source for mine
sweeping. The source should be remotely deployable from an unmanned surface vehicle, safely towed by a standard
11 meter RHIB, and produce an effective acoustic output over a range of tow speeds (5 knots to 20 knots). The
Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: Provide an initial development effort that demonstrates technical merit and capabilities of the proposed
acoustic source. Evaluations will be based on system drag, acoustic output, total system weight, and potential
deployability.

PHASE II: Develop, build and characterize a viable prototype towed acoustic source. Conduct tow tests to
characterize the drag, quantify the acoustic output as a function of tow speed, and assess tow stability.

PHASE Ill: Develop and deliver an acoustic source. Develop and deliver an automated launch and recovery for
integration onto an 11 meter RHIB.
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PRIVATE SECTOR USE OF THE TECHNOLOGY: Successful development of a low drag, acoustic source may
enable a number of commercial underwater applications.

KEYWORDS: Mine Countermeasures; Acoustics; Mines; Minesweeping; Unmanned Surface Vessels (USV); Navy
Rigid Hull Inflatable Boats

NO05-T030 TITLE: Vector Sensor Rapid Detection Array for Torpedo Defense

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE: Develop a vector sensor array capable of detecting and localizing threat torpedoes rapidly and
without bearing ambiguity.

DESCRIPTION: Torpedo defense threat detection, classification and localization performance may be improved
through the use of a compact bearing ambiguity resolving towed array. Such an array would be used for both active
and passive sonar reception. Directional acoustic receivers (vector and dyadic sensors) may provide a cost-effective
means for achieving this capability. A single directional sensor can determine bearing and elevation angle to a
target over a large frequency band. Recent advances in acoustic vector sensing in the surveillance community have
included the invention and development of inertial acoustic particle velocity sensors, pressure gradient sensors,
intensity sensors, and dyadic sensors. Experiments and analysis involving the use of these types of sensors in
practical applications have revealed significant improvements in array gain, flow noise suppression, and scattered
field detection.

In order to successfully apply vector sensor technology to the torpedo detection problem, a number of challenges
must be overcome. These issues include array gain improvement required in receive mode, array design for optimal
beamforming and steering, treating the flow noise effects due to high-speed operation of the ship, vibration isolation,
backscattered energy reception, and reverberation. The Navy will only fund proposals that are innovative and
involve technical R&D risk.

PHASE I: Use compact directional sensors to develop intensity-based and other signal processing detection
algorithms and to explore array design alternatives. The issues associated with acoustic vector sensor design for
surface ship torpedo defense (SSTD) applications (fabrication, required performance, integration with existing
arrays, target detection, flow noise, and structure-borne noise) will be investigated analytically, computationally, and
through laboratory tests using individual prototype devices. Predict effects of flow noise, vector sensor electronic
noise and bandwidth, ambient noise directivity, and array configuration.

PHASE II: Investigate how a small array of vector hydrophones can be used to provide array gain beyond that
possible with similarly-sized conventional arrays of omni-directional hydrophones. Using the prototype vector
sensor elements, a compact array will be constructed and demonstrated. The results will be compared to previously
recorded array data of similar aperture and bandwidth.

PHASE I1Il: Construct a full-scale prototype device and demonstration at sea. Transition the technology to
applications in the commercial sector and to the relevant Navy systems.

PRIVATE SECTOR USE OF TECHNOLOGY: Successful development of a vector sensor array for torpedo
defense may enable improved passive directional acoustic sensing for a variety of applications that require compact
arrays. Transition potential exists for merchant ship navigational systems, traffic monitoring, and adaptive noise
canceling systems.

REFERENCES:

1. Abraham, B.M., 1996, “Low-Cost Dipole Hydrophone for Use in Towed Arrays,” in Proceedings of the
Workshop on Acoustic Particle Velocity Sensors: Design, Performance, and Applications, American Institute of
Physics Conference Proceedings 368, pp. 189-201.
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18, 2001.
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NO05-T031 TITLE: Novel Automation Methods and Equipment for Fiber Optic End-face Polishing, Cleaving
and Inspection

TECHNOLOGY AREAS: Materials/Processes, Electronics

OBJECTIVES: Develop novel automation, processing and inspection techniques and equipment to produce
extremely high quality and repeatable end faces on optical fibers and to reduce production costs. Design, develop
and demonstrate a novel automated optical fiber polishing system with the quality necessary to produce Commercial
Measurement Quality Jumpers (CMQJs) at reduced cost as well as a fiber optic cleaver producing high quality
repeatable surfaces.

DESCRIPTION: The commercial sector telecommunication and data communication fiber optic industries have
developed a variety of fiber-optic polishing and cleaving technologies for fiber optic termination and splicing. The
quality and repeatability of these automated techniques vary considerably often resulting in non-optimal end-face
geometries and optical loss. CMQJs are manufactured to exacting standards since they serve as the references in
measuring an unknown fiber link under test and are extremely costly because of the required quality control and
tolerances. It would be highly desirable to routinely attain CMQJ extremely high surface quality, low loss end-faces
on optical fiber termini with high throughput automated polishing equipment. The equipment should be
programmable to provide the specified flat and domed end-faces with the desired degree of fiber protrusion or
undercut and minimal optical loss.

To achieve high yield splicing, a technique and apparatus is needed to check the quality of the cleave (i.e., cleave
angular offset/uniformity, cleave facet flatness, cleave facet defects (pits, scratches, cracks, chips, etc.)) immediately
after cleaving an optical fiber. Space intrusion limitations combined with difficulties associated with high
temperature fiber coating removal currently precludes using commercial cleavers and cleave checkers for
reproducible, on aircraft splicing repair of broken fiber-optic cables.

A variety of CMQJs are required by the Navy for inclusion in fiber optic toolkits for testing of fiber optic links on
deployed platforms. Development of a fiber optic cleave quality assurance checker for these toolKkits is also required
to enable consistent reproducible end finishing and cleaving of silicone and polyimide coated multimode (50/125
micro-meter, 62.5/125 micro-meter, and 100/140/172 micro-meter) and single mode avionics-grade optical fiber.
Proposals should specifically describe the technology that will be applied to solve the problem, how it will be
developed, what the estimated benefits will be transitioned into the aerospace industry. Teaming with the avionics
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systems integrators to form a unified project execution and implementation team will improve transition potential
and is strongly encouraged. The Navy will only fund proposals that are innovative and involve technical R&D risk.

PHASE I: (1) Design and develop a novel programmable automated fiber optic polishing system capable of
producing high quality end-faces with high throughput and yield. The process should be capable of producing
CMQJs at greatly reduced cost. Demonstrate and validate the hardware and software concepts through sample
CMQJs with both flat domed end-faces. Verify quality and repeatability through interferometric measurements.
Deliver sample CMQJs to the Navy for evaluation. (2) Develop and Demonstrate a fiber-optic cleaver and cleave
checking concepts that stretch the state-of-the-art for achieving reproducible low optical loss (< 0.5 dB maximum
splice loss is desired) mechanical splicing of silicone and polyimide coated multimode (50/125 micro-meter,
62.5/125 micro-meter, and 100/140/172 micro-meter) avionics-grade optical fiber. Particular emphasis should be on
applications where space intrusion limitations and environmental factors (wide temperature range, humidity, fluids,
non-clean room environment, etc.) preclude usage of commercial fiber-optic cleaving and cleave checking
technology for on-aircraft splicing of optical fiber. The design must result in a device that requires less space to use
than currently available commercial fiber-optic cleaving and cleave checking devices. It must also address ease of
use and control of loose parts and debris.

PHASE II: Demonstrate and deliver automated end-face polishing system, fiber-optic cleaver and cleave checker.
Deliver CMQJs to validate optical quality, throughput and yield. Test fiber-optic cleaver and cleave checker for
optical performance upon exposure to typical avionics fiber optic splicing environments.

PHASE IlI: Coordinate with the Navy, standards organizations, and military/aerospace contractors and suppliers to
productize the automated fiber-optic end-face polishing equipment, cleaver and cleave checker. Upon productization
the equipment shall be made available to firms specializing in military/aerospace fiber-optic cable production and
maintenance. Incorporate new fiber-optic cleaver and cleave checker in repair kits for use in avionics systems
utilizing fiber-optic interconnects.

PRIVATE SECTOR USE OF TECHNOLOGY: Private sector applications include computer and
telecommunication networks incorporating fiber optic interconnects. The primary commercial beneficiary of this
technology development will be the fiber-optics industry.

REFERENCES:
1. C.M. Miller, “Mechanical optical fiber splices,” J. Lightwave Tech., vol. LT-4, no. 8, 1986.

2. T. Katagiri, et al, “Basic design for highly stable mechanical optical fiber splice and its development,” J.
Lightwave Tech., vol. 17, no. 1, 1999.

3. Q. Yu, et al, “Refractive-index profile influences on mode coupling effects at optical fiber splices and
connectors,” J. Lightwave Tech., vol. 11, no. 8, 1993.
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NO05-T032 TITLE: Ultrasonic Guided Wave for Long Range Monitoring and Nondestructive Evaluation
(NDE) of Corrosion Induced Defects in Shipboard Piping with Complex Geometry

TECHNOLOGY AREAS: Information Systems, Materials/Processes

OBJECTIVE: Develop the analytical basis and measurement techniques and equipment for the optimal
characterization of ultrasonic guided waves scattered by corrosion induced defects in shipboard piping with complex
geometry for the purpose of efficient monitoring of the conditions of such piping to reduce maintenance costs.

DESCRIPTION: Complex systems of piping exist on Navy ships and submarines. These provide fuel, lubricating
oil, water, and sanitation services throughout the ship. Many pipes pass through tanks that contain fuel, water, or
other fluids, providing an environment in which corrosion can not be avoided. There is a need for efficiently
monitoring the conditions of these pipes remotely without human entry into tanks and void spaces in order to ensure
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their structural integrity and to prevent leakage induced environmental mishaps. One potentially useful
nondestructive evaluation technique for remote monitoring of piping is based on the propagation of guided
ultrasonic waves in pipes. Here, a sensor placed at one spot on the pipe before entry to a tank can monitor the
condition of the entire pipe many tens of feet inside the tank. However, current technology is successful primarily
for pipes of simple geometry (e.g. straight pipes only). Many Navy ships have piping containing complex geometry
(e.g. elbows, bends, twists, pipes welded to bulkheads, branches, etc.). There is a deficiency in current technology
in both measurement techniques as well as in the interpretation of signals associated with defects in a pipe located
beyond these complex geometric features.

PHASE I: Develop and demonstrate proof-of-concept of proposed technology. Provide the analysis of the
scattering of ultrasonic guided waves from corrosion induced defects in fluid-carrying pipes with elbows, bends, and
welds. The key results of this analysis, including the major characteristics of the acoustic modes transmitted and
reflected from defects beyond the complex geometric features should be verified in the laboratory by suitable
experimental techniques. Defects of interest include localized thinned areas, 0.25 inch diameter round bottom pits at
less than half the wall thickness, tight surface cracks with a depth less than half the wall thickness, welded-on
support plates, as well as mild changes in thickness and curvature. Defects should be detectable at least 20 feet from
a 900 bend, which is 6° away from the ultrasonic source. Metallic pipes with outside diameter of 2 to 8 inches and
wall thickness of 0.1 to 0.5 inches having 90-degree bends and elbows are suitable for this demonstration.

PHASE Il: Develop and demonstrate a prototype measurement system including transducers, electronics, software,
test procedures, data collection, display, and analysis for the optimal detection and characterization of corrosion-
induced defects in piping with complex geometry. Since pipes on Navy ships tend to be clustered, transducers that
are low-profile, allowing placement on closely spaced pipes will be necessary. Guided by Phase I results,
experimental techniques and analytical principles that can provide focusing of guided waves at suspected defect
locations in order to enhance detection sensitivity at long range beyond elbows and bends should be developed and
verified. The effects of operational frequencies, waveforms, transducer design, excitation and reception schemes,
and other parameters on the optimal detection of defects in pipes with complex geometry must be explored so that
tradeoffs among performance, cost, and ease of use in the naval shipboard environment can be assessed. Defect
detection sensitivity must meet Navy requirements to be furnished at the completion of Phase I.

PHASE IlI: Construct a portable version of the developed equipment suitable for operation in the confined space in
most naval ships, incorporating necessary software to allow for optimal detection of corrosion induced defects in
complex piping. It should have long-term stability and repeatability to provide periodic condition monitoring using
easily maintained standards.

PRIVATE SECTOR USE OF TECHNOLOGY: The potential of this technology for private sector use is very high.
Complex piping exists in oil refinery, gas and electric utility, and other industries in which the structural integrity of
fluid carrying piping is of paramount importance. Corrosion induced defects in piping frequently create serious
environmental mishaps in these industries. The analysis and equipment prototype produced at the end of this
development should lead to large-scale commercialization of this improved NDE technology for reducing such
mishaps both for the Navy and for the civilian community.

REFERENCES:
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4. Light, G. M. and H. Kwan, S. Y. Kim, and R. L Spinks, "Health Monitoring for Aircraft Structures,” Mat. Eval.
61(7), 2003, pp.844-847.

KEYWORDS: Condition Monitoring; Nondestructive Evaluation; Piping; Long Range Ultrasonic Guided Wave;
Corrosion Induced Defects; Corrosion

NAVY - 41



NO05-T033 TITLE: Automated RF Measurement Module (ARMM)

TECHNOLOGY AREAS: Information Systems
OBJECTIVE: Reduce operator workload and enhance intercepted waveforms measurements

DESCRIPTION: Existing Navy sensors measure intended and unintended modulations for purposes of identifying
originator. Military and commercial technological advances have complicated the tactical electromagnetic spectrum.
Operational billet reductions, has necessitated development of automated techniques to help operators and analysts
sort through large volumes of intercept data to find those that may be of tactical importance.

This topic’s objective is to develop new techniques that will automate additional processing of an intercepted
waveform into smaller measurements that characterize it, allowing automatic identification of additional intercepts
from the same emitter or the identification of a new emitter. These techniques will employ advanced digital signal
processing (DSP) algorithms capable of characterizing both traditional and modern communication technologies.
The resultant software package will be highly portable, enabling it to run on a number of target platforms, including
general-purpose computers and state-of-the art, real-time embedded hardware.

PHASE I:
. Identify and define software algorithms that process RF signals into measurements capable of SEI.
. Design algorithms for real-time signal recognition and classification.

PHASE II:

. Develop and deliver a prototype software segment with an application program interface (API) that allows
other Tactical Cryptologic Systems (TCS) and software developers to use the functionality without redeveloping the
same capability.

. Optimize algorithms to increase throughput.

PHASE IlII:

. Provide additional improvements that fully automate sensor measurement for operational evaluation.
. Integrate with existing sensors such as Ship’s Signal Exploitation Equipment (SSEE).

COMMERCIAL POTENTIAL: This capability can be applied to the commercial market in a wide range of
applications that include security systems, Homeland Security, and law enforcement operations.

KEYWORDS: Automate; algorithms; tactical; electromagnetic spectrum; SEI; Homeland Security
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