ARMY
PROPOSAL SUBMITTAL

The United States Army Research Office (ARO), reporting to the Army Research Laboratory (ARL) manages the
Army’s Small Business Technology Transfer (STTR) Program. The following pages list topics that have been
approved for the fiscal year 2007 STTR program. Proposals addressing these areas will be accepted for
consideration if they are received no later than the closing date and hour of this solicitation.

The Army anticipates funding sufficient to award one or two STTR Phase | contracts to small businesses with their
partner research institutions in each topic area. Awards will be made on the basis of technical evaluations using the
criteria contained in the solicitation, within the bounds of STTR funds available to the Army. If no proposals within
a given area merit support relative to those in other areas, the Army will not award any contracts for that topic.
Phase | contracts are limited to a maximum of $100,000 over a period not to exceed six months.

Please Note!

The Army requires that your entire proposal (consisting of Proposal Cover Sheets, the full Technical
Proposal, Cost Proposal-using the template provided and Company Commercialization Report) must be
submitted electronically through the DoD-wide SBIR/STTR Proposal Submission Website
(http://www.dodsbir.net/submission). A hardcopy is NOT required. Hand or electronic signature on the
proposal is also NOT required.

The DoD-wide SBIR/STTR Proposal Submission system (available at http://www.dodsbir.net/submission) will lead
you through the preparation and submission of your proposal. Refer to section 3.0 at the front of this solicitation for
detailed instructions on Phase | proposal format. You must include a Company Commercialization Report as part of
each proposal you submit; however, it does not count against the proposal page limit. If you have not updated your
commercialization information in the past year, or need to review a copy of your report, visit the DoD SBIR/STTR
Proposal Submission site. Please note that improper handling of the Commercialization Report may result in the
proposal being substantially delayed and that information provided may have a direct impact on the review of the
proposal. Refer to section 3.5d at the front of this solicitation for detailed instructions on the Company
Commercialization Report.

If you collaborate with a university, please highlight the research that they are doing and verify that the work is
FUNDAMENTAL RESEARCH.

Be reminded that if your proposal is selected for award, the technical abstract and discussion of anticipated benefits
will be publicly released on the Internet therefore, do not include proprietary or classified information in these
sections. DoD will not accept classified proposals for the STTR Program. Note also that the DoD web site contains
timely information on firm, award, and abstract data for all DoD SBIR/STTR Phase | and Il awards going back
several years. This information can be viewed on the DoD SBIR/STTR Awards Search website at
www.dodsbir.net/awards.

Based upon progress achieved under a Phase | contract, utilizing the criteria in Section 4.3, a firm may be invited to
submit a Phase Il proposal (with the exception of Fast Track Phase Il proposals — see Section 4.5 of this
solicitation). Phase Il proposals should be structured as follows: the first 10-12 months (base effort) should be
approximately $375,000; the second 10-12 months of funding should also be approximately $375,000. The entire
Phase |1 effort should generally not exceed $750,000. Contract structure for the Phase Il contract is at the discretion
of the Army’s Contracting Officer after negotiations with the small business.

The Army does not issue interim or option funding between STTR phase | and 11 efforts, but will provide
accelerated phase 11 proposal evaluation and contracting for projects that qualify for fast-track status.

Army STTR Contracts may be fully funded or funded using options or incremental funding.
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CONTRACTOR MANPOWER REPORTING (CMR) (Note: Applicable only to U.S. Army issued STTR
contracts)

Accounting for Contract Services, otherwise known as Contractor Manpower Reporting (CMR), is a Department of
Defense Business Initiative Council (BIC) sponsored program to obtain better visibility of the contractor service
workforce. This reporting requirement applies to all STTR contracts issued by an Army Contracting Office.

Offerors are instructed to include an estimate for the cost of complying with CMR as part of the cost proposal for
Phase | ($100,000 max) and Phase Il ($750,000 max), under “CMR Compliance” in Other Direct Costs. This is an
estimated total cost (if any) that would be incurred to comply with the CMR requirement. Only proposals that
receive an award will be required to deliver CMR reporting, i.e. if the proposal is selected and an award is made, the
contract will include a deliverable for CMR.

To date, there has been a wide range of estimated costs for CMR. While most final negotiated costs have been
minimal, there appears to be some higher cost estimates that can often be attributed to misunderstanding the
requirement. The STTR program desires for the Government to pay a fair and reasonable price. This technical
analysis is intended to help determine this fair and reasonable price for CMR as it applies to STTR contracts.

e The Office of the Assistant Secretary of the Army (Manpower & Reserve Affairs) operates and maintains
the secure CMR System. The CMR website is located here: https://contractormanpower.army.pentagon.mil/.

e The CMR requirement consists of the following 13 items, which are located within the contract document,
the contractor's existing cost accounting system (i.e. estimated direct labor hours, estimated direct labor
dollars), or obtained from the contracting officer representative:

(1) Contracting Office, Contracting Officer, Contracting Officer's Technical Representative;

(2) Contract number, including task and delivery order number;

(3) Beginning and ending dates covered by reporting period;

(4) Contractor name, address, phone number, e-mail address, identity of contractor employee entering
data;

(5) Estimated direct labor hours (including sub-contractors);

(6) Estimated direct labor dollars paid this reporting period (including sub-contractors);

(7) Total payments (including sub-contractors);

(8) Predominant Federal Service Code (FSC) reflecting services provided by contractor (and separate
predominant FSC for each sub-contractor if different);

(9) Estimated data collection cost;

(10) Organizational title associated with the Unit Identification Code (UIC) for the Army Requiring
Activity (The Army Requiring Activity is responsible for providing the contractor with its UIC for the
purposes of reporting this information);

(11) Locations where contractor and sub-contractors perform the work (specified by zip code in the
United States and nearest city, country, when in an overseas location, using standardized nomenclature
provided on website);

(12) Presence of deployment or contingency contract language; and

(13) Number of contractor and sub-contractor employees deployed in theater this reporting period (by
country).

e The reporting period will be the period of performance not to exceed 12 months ending September 30 of
each government fiscal year and must be reported by 31 October of each calendar year.

e According to the required CMR contract language, the contractor may use a direct XML data transfer to the
Contractor Manpower Reporting System database server or fill in the fields on the Government website. The
CMR website also has a no-cost CMR XML Converter Tool.

e The CMR FAQ explains that a fair and reasonable price for CMR should not exceed 20 hours per
contractor. Please note that this charge is PER CONTRACTOR not PER CONTRACT, for an optional one
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time set up of the XML schema to upload the data to the server from the contractor's payroll systems
automatically. This is not a required technical approach for compliance with this requirement, nor is it likely
the most economical for small businesses. If this is the chosen approach, the CMR FAQ goes on to explain
that this is a ONE TIME CHARGE, and there should be no direct charge for recurring reporting. This would
exclude charging for any future Government contract or to charge against the current STTR contract if the
one time set up of XML was previously funded in a prior Government contract.

Given the small size of our STTR contracts and companies, it is our opinion that the modification of
contractor payroll systems for automatic XML data transfer is not in the best interest of the Government.
CMR is an annual reporting requirement that can be achieved through multiple means to include manual
entry, MS Excel spreadsheet development, or use of the free Government XML converter tool. The annual
reporting should take less than a few hours annually by an administrative level employee. Depending on
labor rates, we would expect the total annual cost for STTR companies to not exceed $500 annually, or to be
included in overhead rates.

ARMY -3



A07-T001
A07-T002
A07-T003
A07-T004

AQ7-T005
AQ7-T006
AQ7-T007
AQ7-T008

A07-T009
A07-T010
A07-T011
A07-T012
A07-T013
A07-T014

AQ7-T015
AQ7-T016
AQ7-T017
AQ7-T018
AQ7-T019
A07-T020
A07-T021
A07-T022
A07-T023
A07-T024
A07-T025
AQ7-T026
AQ7-T027
AQ7-T028
AQ7-T029
AQ7-T030
A07-T031

A07-T032

A07-T033

AQ7-T034
AQ07-T035

AQ07-T036

AQ7-T037
A07-T038
A07-T039
A07-T040

Army STTR 07 Topic Index

Long life, low power, multicell battery

Software Anti-Tamper for Matrix based Algorithms

Modular and Authorable Intelligent Tutoring System for Immersive Scenario-Based Training
DRIVING WISDOM: Web-based Training for Young Adults to Improve Operator Judgments that
Mitigate Crash Risk in Privately Owned Vehicles

Interband Resonant-Tunneling-Diode (I-RTD) Hybrid Terahertz Oscillator

Nanostructures for dislocation blocking in infrared detectors

Efficient and Robust Algorithms for Real-time Video Tracking of Multiple Moving Targets
Algorithms for Image Content Indexing and Information Retrieval from Unstructured or Semi-
structured Complex Database

Frequency-agile monolithic Ka-band filter

Development of Amorphous Alloy Surface Coatings as Replacement for Chromate Technology
A Compact Membrane-Reactor Methanol Reformer

Molecular Shape Detection for Chemical Analysis

Dynamic Data-Driven Prognostics and Condition Monitoring of On-board Electronics
Discontinuous Element Software for Computing 2D and 3D Failure of Materials under Ballistic
Impact

Portable Fully-Automated Soil Property Measurement Probe

Synthesis and Scaleup of Fuel-Cell Compatible Alkaline Electrolyte Membranes

Ultrasound Assisted Oxidative Desulfurization of JP-8 Fuel

High efficiency deep green light emitting diode

Super-resolution adaptive laser beam projection system

Fiber nonlinearity based entangled-photon sources

Low Data Rate Frequency-Shifted Reference Ultra-Wideband (UWB) Communication Systems
Diluted-Magnetic Semiconductor (DMS) Tunneling Devices for the Terahertz Regime

Modular Protein Manufacturing Platform

Aerosolization of Densified Powders Using Sublimable Solids

Passive Detection and Prediction of Degradation in Critical Utility Pipeline Infrastructure
Statistical Mobility Prediction for Small Unmanned Ground Vehicles

Terrain Analysis from Unmanned Ground Vehicle Sensors

Reduced-Order High-Fidelity Models for Signature Propagation

Development of an Advanced Comfortable Prosthetic Socket

Chromatophore-Based Toxicity Sensor for Water

Development of Virtual Reality Tools for Training and Rehabilitation of Patient Using Advanced
Prosthesis

Improved Lightweight Surgical Instrument and Linen Field Sterilization via Chlorine Dioxide or
Alternative Methodology

Novel Topical Arthropod Repellent Formulation(s) with Superior Efficacy and High User
Acceptability

High-Throughput Screening of Natural Product Extracts for Biologically Active Small Molecules
Multi-Analyte, Wearable Chemical Nanosensor for Warfighter Physiological Status Monitor
(WPSM)

Innovative Lightweight Energy and Water Efficient Treatment System for Fluid Medical Waste in
an Austere Deployed Environment

Retinal Oximeter for Scientific and Clinical Applications

Military Surgical Information System

Real-Time, In Vivo Imaging to Identify Tumor Margins

Standoff Remote Triage Sensor Array for Robotic Casualty Extraction Systems
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Army STTR 07 Topic Descriptions

A07-T001 TITLE: Long life, low power, multicell battery

TECHNOLOGY AREAS: Ground/Sea Vehicles, Electronics

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: Develop a low-power miniature (coin cell or similar) battery with a 30-plus year operational lifespan
that is suitable for battery-backed static random access memory (SRAM) and environmentally friendly with minimal
disposal issues.

DESCRIPTION: This effort will focus on identifying new and innovative multi-cell battery technologies suitable for
powering battery-backup, low power static random access memories (SRAM). The new multi-cell battery shall be a
low power miniature (coin cell or similar) battery with a 30 plus year operational lifespan. The new battery
technology shall not incorporate toxic metals like cadmium, lead, mercury, etc. and minimize the amount of
hazardous materials. New battery technology shall not be constructed from energetic materials that may be
explosive under certain conditions. New battery shall not use radioactive materials. New battery technology shall not
use high temperature thermal battery technologies. The goal is to create an environmentally friendly battery with
minimal disposal issues. The new battery technology will be suitable for battery-backed SRAM memories and
SRAM memories for bitstream keys inside field programmable gate arrays (FPGA).

Current battery technology has focused on extending the life of the battery. An alternate approach would be to
combine multiple cells inside a battery. Each cell is initially in an inert state. After activation, a cell will operate as a
traditional low power battery-backup for low power SRAM typically used to store FPGA bitstream keys. A low
activation energy of less than 1% of each cell’s capacity is desired. The time to activate the cell should be less than 1
hour.

In concept, when a cell is approaching the end-of-life, another cell is activated, effectively extending the life of the
multi-cell battery. In a four cell battery, with 5 years of operational life per cell; a 20 year lifetime is possible.
Minimum lifetime for each cell, once activated, under an average 0.25/n mW load, is one month (approximately
0.2/n watt-hours) where n is the number of cells ( n >=1) inside the battery. The weighting, for evaluating the
technical merits of the new and innovative battery technology, will be battery life (2), nontoxic, non-hazardous
materials (1), and disposal (1).

PHASE I: Contractor will analyze and design a novel concept battery cell. The new battery technology shall not
incorporate hazardous or toxic materials like cadmium, lead, mercury, etc. New battery technology shall not be
constructed from energetic materials that may be explosive under certain conditions. New battery shall not use
radioactive materials. New battery technology shall not use high temperature thermal battery technologies. The goal
is to create an environmentally friendly battery with minimal disposal issues.

While in an inert state, the battery has a shelf life of 25 plus years at 25 degrees Celsius. Nominal operating
temperature range with slightly reduced performance: -10 degrees Celsius to +40 degrees Celsius. Operation over
the industrial temperature range of -40 to +85 degrees Celsius with reduced performance is desired. Battery
operation with reduced performance over part or all of the full military temperature range of -50 degrees Celsius to
+125 degrees Celsius will be considered a plus.

Upon activation, a cell will provide power for a battery-backed SRAM memory for 0.1 (lower limit) to 5 plus years
at 25 degrees Celsius. The energy for activation should be less than 10 % of each individual cell’s energy capacity
with a goal of less than 1 %. Contractor shall perform an accelerated aging test on the cell to determine the shelf life
in the inert, inactivated state and the operational lifespan of the cell for a simulated SRAM battery back-up memory.
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The requirement for the new battery is to operate over the industrial temperature range of -40 to +85 degrees
Celsius. We are also interested in the potential performance of the battery over the full military temperature range
of -50 to +125 degrees C. The contractor shall conduct an accelerated aging test over the industrial temperature
range of -40 to +85 C. Operation over a wider temperature range up to the full military temperature range of -50 to
+125 C will be considered a plus.

Contractor shall provide a report describing accelerated aging test and battery lifespan for current levels of 0.1 to 10
equivalent loads for a SRAM with at least 256 bit memory capacity.

PHASE II: Contractor shall develop a multi-cell battery based on the technologies from Phase | to create a battery
with greater than a 25 year operational lifespan powering a battery backed SRAM at 25 degrees Celsius. Contractor
shall have an independent verification and validation (IV&V) to validate the batteries performance over the
industrial temperature range of -40 to +85 degrees Celsius and for current levels of 0.1 to 10 equivalent loads for a
SRAM with at least 256 bit memory capacity. Operation over a wider temperature range up to the full military
temperature range of -50 to +125 C will be considered a plus. Contractor shall provide a report on the IV&V.

PHASE III: Contractor shall team with a prime contractor and commercialize the new battery technology. The
contractor is encouraged to team with a defense prime contractor and a traditional commercial corporation to market
the technology to both military and commercial end users. Contractor shall provide an IV&YV report on accelerated
aging tests for a production level battery showing mean battery life as a function of temperature over the industrial
temperature range of -40 to +85 degrees Celsius and for current levels of 0.1 to 10 equivalent loads for a SRAM
with at least 256 bit memory capacity. Operation over a wider temperature range up to the full military temperature
range of -50 to +125 degrees Celsius will be considered a plus. Contractor shall have an independent laboratory test
the battery to flight safety requirements of the FAA. Contractor shall provide an independent laboratory report on
the battery’s materials and disposal issues. Contractor shall provide a material safety data sheet on battery family.

REFERENCES:

1. N. Weste, and D. Harris: “CMOS VLSI Design: A Circuits and Systems Perspective,” Addison Wesley, 2004.
ISBN: 0321149017.

2. R. Kaushik, S. Prasad: “Low Voltage CMOS VLSI Circuit Design,” Wiley, 1999, ISBN: 047111488X.

3. D. Linden and T. Reddy: “Handbook of Batteries,” McGraw-Hill Companies, 2001, ISBN: 0071359788.

4. University of California: “Researchers create first nanofluidic transistor,”
http://www.physorg.com/news4815.html.

5. Gillette Company: “Zinc-Air Bulletin,” 2004, http://www.duracell.com/oem/Primary/Zinc
/Zinc_Air_Tech_Bulletin.pdf.

6. V. Barsukov and F. Beck: “New Promising Electrochemical Systems for Rechargeable Batteries: Proceedings of
the NATO Advanced Research Workshop,” Springer London, Limited, 1996, ISBN: 0792339487.

7. R. Dell, and D. Rand: “Understanding Batteries,” Royal Society of Chemistry, 2001, ISBN: 0854046054.
8. T. Minami, et al.: “Solid State lonics for Batteries,” Springer-Verlag New York, LLC, 2005, ISBN: 4431249745.

9. N. Nguyen and S. Wereley: “Fundamentals and Applications of Microfluidics, Second Edition,” Artech House,
2006, ISBN: 1580539726.

10. C. Liu: “Foundations of MEMS,” Prentice Hall, 2005, ISBN: 0131472860.

11. N. Maluf and K. Williams: “Introduction to Microelectromechanical Systems Engineering,” Artech House,
ISBN: 1580535909.
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12. Technology Review: “Higher-Capacity Lithium-lon Batteries”
http://www.technologyreview.com/read_article.aspx?id=17017&ch=nanotech , June 2006.

13. J. Walko: “Nanobattery technology could eliminate fire risks,”
http://ww.embedded.com/showArticle.jhtml;jsessionid=TSOLYR5YS2YPMQSNDLRSKHOCJUNN2JVN?article
ID=192203405 August 23, 2006.

14. MIT Tech Talk: “Researchers employ virus to build tiny batteries,” Vol. 50, No. 23, April 2006,
http://web.mit.edu/newsoffice/2006/techtalk50-23.pdf.

15. D. Teeters, et al.: “Nano-battery systems,” US Patent 6,586,133, July 2003. http://patft.uspto.gov/netacgi/nph-
Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL &p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&I=5
0&51=6586133.PN.&OS=PN/6586133&RS=PN/6586133

16. Brown University: “Brown University engineers create a better battery - with plastic,”
http://www.physorg.com/news77371085.html.

KEYWORDS: Electronics, battery, field programmable gate arrays, FPGA, SRAM, micro-electromechanical
systems, MEMS, micro-fluidic systems.

A07-T002 TITLE: Software Anti-Tamper for Matrix based Algorithms

TECHNOLOGY AREAS: Information Systems

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: Research objective is to investigate improving software level obfuscation for highly regular matrix
based algorithms. A number, of recursive algorithms or adaptive algorithms, consists of an iterative matrix equation
W(k+1) = f [W(K)] + other terms where W( ) is a matrix. The highly regular structure makes reverse engineering
trivial. Software obfuscation increases the difficulty of reverse engineering software. For matrix equations, there
are other options for obfuscation at the algorithm level: similarity transforms, transformations for “sparse” matrix
equations, etc. The goal here is to combine iterative matrix equations with clever matrix transformations (possibly
time varying transformations) with traditional code obfuscation techniques to improve software anti-tamper for
matrix intensive algorithms. Some possible applications for obfuscation at the matrix equation level include:
Kalman filtering, least-mean squares (LMS) algorithm, state space control theory, short-term Fourier transform,
wavelet signal processing, Gerchberg-Saxton algorithm, and streaming real-time image processing. The contractor
is asked to select a matrix intensive algorithm and examine obfuscation at the matrix equation level. Contractor may
also select an appropriate function domain(s): time, frequency, time-frequency, space, wavelet, etc.

DESCRIPTION: All U.S. Army Program Executive Offices (PEOs) and Program Managers (PMs) are now charged
with executing Army and Department of Defense (DoD) anti-tamper policies in the design and implementation of
their systems to afford maximum protection of U.S. technologies, thus providing maximum protection against them
being obtained and utilized and/or exploited by foreign adversaries. One area of vulnerability is in the software in a
weapons system, where there are many critical technologies that can be compromised. Techniques are now
emerging to begin to try to combat this loss of the U.S. technological advantage, but further advances are necessary
to provide useful toolsets to the U.S. Army PEOs and PMs for employment in their systems. As AT is a relatively
new area of concern, the development of AT techniques is in a somewhat immature state and new ideas are always
needed.

The goal of software obfuscation is, through transformations, clever disguise, or restructuring of the program, to

make it more difficult to reverse engineer computer software. Army and DoD systems use navigation software
where data from several sensors are blended together with a Kalman filter. A Kalman filter is a highly, regular,
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recursive matrix equation. The structured nature of a Kalman filter makes software obfuscation more difficult. We
would like to investigate the possibility of obfuscation at the algorithm level combined with traditional software
obfuscation for anti-tamper. The objective section describes some other possible matrix equations for study.

“No technique is invulnerable or even clearly superior to the others in all circumstances; therefore, a mix of
protection techniques allows the defense to capitalize on the strengths of each technique while also masking the
shortfalls of other techniques.” http://www.stsc.hill.af.mil/crosstalk/2004/11/0411atallah.html.

It should also be noted, that the use of off-the-shelf components in a system can seriously compromise an AT design
due to the ready availability of open-source documentation. The effort should therefore focus on denying an
adversary access to enough information to begin such a data search. The technologies/techniques developed should
inhibit an adversary’s exploitation and/or reverse engineering effort to a point where it will require a significant
resource investment to compromise, allowing the U.S. time to advance its own technology or otherwise mitigate the
loss. As a result, the U.S. Army can continue to maintain a technological edge in support of its warfighters.

PHASE I: Contractor shall select a recursive or iterative matrix intensive algorithm. Some possible algorithms are
presented in the objective section. Contractor shall propose algorithm level obfuscation technique(s) for the selected
algorithm. Some potential challenges for obfuscating matrix equations include performance degradation, error
propagation, algorithm stability, and convergence issues. Series approximations to matrix and integral equations
may lead to difficulties with convergence. A series of obfuscated terms may lead to problems with correctly
deciding the appropriate point to truncate series terms. Problems with finite numerical precision may cause
convergence and stability problems. Obfuscation of near singular matrices may result in additional convergence and
stability problems. Other numerical, convergence issues, and algorithm stability issues may also be present.

Contractor shall propose an algorithm level obfuscation technique(s) for a selected matrix intensive algorithm.
Contractor shall provide a report discussing the feasibility of matrix equation level obfuscation and address the
limitations imposed by performance degradation, error propagation, approximations, convergence and stability.
Contractor shall provide an estimate, based on his past software anti-tamper knowledge and experience, of the level
of anti-tamper protection provided by the proposed matrix algorithm obfuscation concepts.

PHASE II: Contractor shall develop the concepts from Phase | into a functional prototype. Contractor shall provide
a report discussing numerical, convergence, and stability issues for the matrix algorithm obfuscation. Contractor
shall describe conditions where the matrix level obfuscation provides good convergence and stability. Contractor
shall also describe conditions where convergence and stability are poor. Contractor shall combine matrix level
obfuscation with tradition software obfuscation techniques.

Contractor shall demonstrate matrix algorithm obfuscation and software obfuscation running on an embedded
computer with an operating system. Contractor shall have an independent verification and validation (IV&V)
performed to test the anti-tamper/anti-reverse engineering provided by the matrix algorithm level obfuscation and
traditional software obfuscation. Contractor shall provide a detailed V&V report of the anti-tamper/anti-reverse
engineering provided by the matrix algorithm level obfuscation and software obfuscation. Contractor shall provide
a detailed report(s) describing functionality of the anti-tamper tool.

PHASE IlI: Contractor shall develop a production grade matrix algorithm obfuscation and traditional software
obfuscation tool. Contractor is encourage to team with a prime contractor to apply the new obfuscation technology
to a current production level system. Contractor is encourage to consider a version of the obfuscation tool for
Homeland Security applications.

Contractor shall demonstrate matrix algorithm obfuscation and software obfuscation running on an embedded
computer with an operating system. Contractor shall have an independent verification and validation (IV&V)
performed to test the anti-tamper/anti-reverse engineering provided by the matrix algorithm obfuscation and
traditional software obfuscation. Contractor shall provide a detailed V&V report of the anti-tamper/anti-reverse
engineering provided by the matrix algorithm obfuscation and software obfuscation. Contractor shall provide a
detailed report(s) describing functionality of anti-tamper tool.

REFERENCES:

1. P. Zarchan, and H. Musoff: “Fundamentals of Kalman Filtering: A Practical Approach,” American Institute of
Aeronautics & Astronautics, March 2005, ISBN: 1563476940.

2. M. Grewal, and A. P. Andrews: “Kalman Filtering: Theory and Practice Using MATLAB,” Wiley, Jan. 2001,
ISBN: 0471392545,

ARMY -8



3. G. Welch and G. Bishop: “An Introduction to the Kalman Filter,” Department of Computer Science, University

of North Carolina at Chapel Hill, Chapel Hill, NC, February 2001,
http://terra.cs.nps.navy.mil/DistanceEducation/online.siggraph.org/2001/Courses/cd2/courses/51/Papers/kalman_intr
o.pdf .

4. J.  Podesta: “Brief Tutorial on the Kalman Filter,” RDEC, Picatinny, Nov. 1994,

http://handle.dtic.mil/100.2/ADA286571.

5. S. Haykin: “Least-Mean-Square Adaptive Filters,” Wiley, September 2003, ISBN: 0471215708.

6. A. D. Poularikas, and Z. M. Ramadan: “Adaptive Filtering Primer with MATLAB,” CRC Press, February 2006,
ISBN: 0849370434.

7. S. Qian: “Introduction to Time-Frequency and Wavelet Transforms,” Pearson Education, November 2001,
ISBN: 0130303607.

8. D. Hill and B. Kolman: “Modern Matrix Algebra,” Prentice Hall, 2000, ISBN: 0139488529.

9. D. Poole: “Linear Algebra: A Modern Introduction (with CD-ROM),” Brooks/Cole, February 2005, ISBN:
0534998453.

10. M. J. Atallah, E. D. Bryant, and M. R. Stytz, “A Survey of Anti-Tamper Technologies,” Cross Talk, Nov. 2004,
http://www.stsc.hill.af.mil/crosstalk/2004/11/0411atallah.html.

11. E. Eilam; “Secrets of Reverse Engineering,” Wiley, April 2005, ISBN: 0764574817.

12. L. M. Willis and P. Newcomb (editors): “Reverse Engineering,” Springer-Verlag, New York, July 1996, ISBN:
079239756.

13. K. AIngle: “Reverse Engineering,” McGraw-Hill Professional, 1994, ISBN: 0070316937.

14. P. Cerven: “Crackproof Your Software: Protect Your Software Against Crackers,” No Starch Press, 2002,
ISBN: 1886411794.

15. B. Friedland: “Control System Design: An Introduction to State-Space Methods,” Dover Publications, March
2005, ISBN: 0486442780.

16. K. Ogata: “Modern Control Engineering,” Prentice Hall Professional Technical Reference, November 2001,
ISBN: 0130609072.

17. S. Janardhanan: “Discrete-time Sliding Mode Control,” Springer-Verlag, New York, October 2005, ISBN:
3540281401.

18. Wikipedia.org “Short term Fourier transform,” http://en.wikipedia.org/wiki/ Short_Term_Fourier_Transform.
19. J. R. Fienup: "Phase retrieval algorithms: a comparison,” Applied Optics, Vol. 21, No. 15, pp. 2758-2769,
August 1, 1982. http://www.optics.rochester.edu/workgroups/fienup/PUBLICATIONS/AQ082_PRComparison.pdf
20. Wikipedia.org: “Gerchberg-Saxton Algorithm,” http://en.wikipedia.org/wiki/ Gerchberg_saxton_algorithm.
21. Wikipedia.org: “Singular value decomposition,” http://en.wikipedia.org/wiki/ Singular_value_decomposition.
22. Wikipedia.org: “Pseudoinverse,” http://en.wikipedia.org/wiki/Pseudoinverse.

23. T. Maggiano: "Phase Retrieval Algorithms and their Applications," University of Arizona-Optical Science
Center, http://www.u.arizona.edu/~tImaggia/Fienup.pdf.

KEYWORDS: Information technology devices, software obfuscation, Kalman filter, least-mean-square, LMS,
signal processing, image processing, adaptive filter, matrix algebra, linear algebra, state space, anti-tamper, AT,
reverse engineering, anti-reverse engineering, ARE, software protection

AO07-T003 TITLE: Modular and Authorable Intelligent Tutoring System for Immersive Scenario-Based
Training

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: To develop an intelligent tutoring system that could be linked with multiple immersive scenario-based
training systems and could be updated by a person without specialized computer experience. The system would
monitor trainee performance, provide targeted instructional feedback, and evaluate how well the trainee performed
during a training scenario based on training objectives.

DESCRIPTION: Scenario-based training games are currently being used in the Army for a broad range of training
domains (e.g., military tactics, support and stability operations, weapons operation, and language training). The
research indicates that effectiveness of these training tools is currently mixed (Beal, 2005; Hays, 2005). One reason
why training games may not be living up to the hype is that the “instructor” functions of training environments are

ARMY -9



not regularly included as part of the system (Hays 2005; Belanich, Mullin, Dressel, 2004; Bloom, 1984). One goal
of this project is to develop a modular intelligent tutoring system that could be linked to different Army-based
training games in order to provide the needed instructor functionality that is currently lacking in many game-based
training systems.

For a modular ITS to work appropriately, it would need to exchange data with multiple scenario-based training
platforms. The data coming from the training platform would indicate the state of the scenario and provide a low-
level depiction of trainee performance. The ITS would use this data to develop a high-level understanding of trainee
performance as compared to a model of the training domain. Data going to the training platform would include data
to modify the scenario to meet the instructional need of the trainee, which would include instructional feedback.

For scenario-based training systems to be useful to a rapidly evolving military, they need to be easily authorable to
keep up with the ever-changing current operating environment. This flexibility needs to be provided to the
instructors who implement these types of training systems so they can adequately match the scenario content with
the appropriate training objectives (Ainsworth & Fleming, 2006). Therefore, a second goal of this project is to
develop an ITS that can be easily authorable by a typical instructor (i.e., person without highly specialized computer
skills).

Intelligent tutors are effective training tools, but usually require skilled personnel to develop the system for a
particular training platform. An ITS that can be adapted to work with multiple Army-based training platforms and is
easily updateable would offer powerful training options to the military that are currently not available. While
scenario-based (game-based) training systems have demonstrated limited effectiveness (Hays. 2005), if they are
armed with a robust ITS companion to elicit important lessons and training objectives, these training systems may
reach their full potential for training today’s Soldiers.

PHASE I: Phase | should determine the feasibility of producing a modular intelligent tutoring system that works
with multiple immersive Army scenario-based training systems and covers a range of actions (e.g., speech acts and
physical acts). The deliverable for this phase includes a feasibility study with specific recommendations for the
system to be developed during the Phase 1 effort.

PHASE II: In Phase Il, the findings of Phase | should be used to develop a working prototype of the system to be
assessed by instructors using immersive Army scenario-based training systems. Integration of the ITS with two
different scenario-based training platforms would be considered success.

PHASE I11: Ownership of a modular intelligent tutor system that can be used by various scenario-based training
systems should position the company well for integrating their system into game-based training programs in use by
the military, as well as private and public sectors. Because the system is modular, it could be linked with a variety of
scenario-based training systems. The system would also find a receptive market in both the training and educational
fields, where scenario-based training systems are growing.

REFERENCES:
1. Shaaron Ainsworth & Piers Fleming, Evaluating authoring tools for teachers as instructional designers,
Computers in Human Behavior, v. 22, p. 131-148, 2006

2. Scott Beal, Using Games for Training Dismounted Light Infantry Leaders: Emergent Questions and Lessons
Learned (ARl Research Report 1841). U.S. Army Research Institute for the Behavioral and Social Sciences:
Arlington, VA, September 2005

3. James Belanich, Laura N. Mullin, & J. Douglas Dressel, Symposium on PC-based simulations and gaming for
military training (ARI Research Product 2005-01). Alexandria, VA: US Army Research Institute for the Behavioral
and Social Sciences, October 2004

4. Benjamin S. Bloom, The 2 sigma problem: the search for methods of group instruction as effective as one-to-one
tutoring. Educational Researcher, v. 13, n. 6, p. 4-16, June-July 1984
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5. Robert T. Hays, The effectiveness of instructional games: A literature review and discussion. (Tech Report 2005-
004). Naval Air Warfare Center Training Systems Division, Orlando, FL, November 2005
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AO07-T004 TITLE: DRIVING WISDOM: Web-based Training for Young Adults to Improve Operator
Judgments that Mitigate Crash Risk in Privately Owned Vehicles

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: Develop new transformative technologies to improve driver safety. Analyze and develop a
knowledge base of driver judgments that balance moderately risky but common hazards with ongoing, transportation
requirements; and evaluate web-based, training methods in order to motivate young adults (moderately experienced
drivers aged 20 to 35) to learn and apply this information in their daily driving. The tutoring module will tailor
instructional feedback to student responses and personal characteristics.

DESCRIPTION: In recent years, between 110 and 130 Soldiers have died annually because of crashes in privately
owned vehicles (POV) (https://crc.army.mil/). Therefore, understanding and improving driver safety remains an
important Army objective. Driver safety models theorize that risk assessment is critical to driver safety (Evans,
1991, 1993; Jonah, 1986; Deery 1999; Gregersen & Bjurulf, 1996), and empirical data have demonstrated: (a)
differences in risk assessment between novice and experienced drivers (Trankle, Gelau & Metker, 1990), and (b)
correlations between risk assessment accuracy and POV crash involvement for experienced drivers (Legree,
Heffner, Psotka, Martin & Medsker, 2003; Legree, Martin, Medsker & Gregory, 1999). In these research
formulations, risk assessment has been conceptualized to include identification, assessment, and reaction to driving
hazards and risks. According to these results, drivers who are more likely to be involved in vehicle crashes are less
able to detect driving hazards and assess the risk associated with specific hazards, especially those risks involving
internal psychological states (e.g., fatigue, stress, illness) as well as poorly-documented external factors (e.g.,
surface quality, distracting children). Such drivers are less likely to act to mitigate those risks, even when proficient
with the mechanics of driving, as are experienced drivers in the targeted age range.

However, reviews of driver education curricula and traffic safety guidance indicate that training programs typically
support risk assessment only poorly, and improvements with most driver-training programs have been limited to
very specific behaviors (Mayhew & Simpson, 1995; Mayhew & Simpson, 2002). These programs often focus on
the mechanics of driving and may address the importance of physical risks (e.g., icy roads), but seldom deal with
risks derived from internal states. In fact, research has not fully documented the many conceptual and inherently
subtle hazards that influence a driver’s psychological state and are frequently encountered by experienced (rather
than novice) drivers between the ages of 20 and 35. Moreover, research has not identified actions that might
mitigate the risks associated with these specific hazards. Consequently, driving tutorials could be greatly improved
by identifying and teaching this knowledge to populations that are fully versant with the mechanics of driving and
capable of responding to physical risks.

This project is intended to address this scientific gap by supporting applied research that:

* Surveys young, experienced drivers (between the ages of 25 and 35) to document frequently encountered driving
hazards (including internal states) in sufficient detail to identify actions that proactively avoid or reactively mitigate
those risks, while balancing transportation requirements.

» Empirically links expectations regarding those hazards & actions to crash involvement metrics.

* Develops web-based tutorials that effectively teach this knowledge to drivers who are 20 to 35 years old using
adaptive simulation technologies, which are commercially available and compliant with the Shareable Content
Object Reference Model (SCORM) format.

PHASE I: Phase | should determine the feasibility of using critical incident interviews and resulting surveys to

document safety risks that are commonly encountered by young, experienced drivers and identify strategies to
mitigate and/or avoid those risks. A variety of inductive procedures, such as Latent Semantic Analyses and
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Consensus Based Assessment may be considered to analyze these data. The resultant guidance is intended to be
practical, balancing travel requirements while minimizing risk. Concurrent with initial efforts to identify safety risks
and related strategies, Phase | will design a SCORM compliant modular tutoring system to provide information to
students that:

1. Mitigates all risks that are most likely to be experienced by individual students, particularly those based on their
internal states and characteristics.

2. Reinforces learning using simulation technologies that emotionally engage students.

The deliverable for this phase includes a detailed experimental study with specific recommendations for the research
to be conducted and a working prototype (based on one external risk and two internal risk factors) of the system to
be developed during the Phase 11 effort.

PHASE II: Phase Il should expand on Phase | accomplishments to expand the identified risks and actions, while
linking understandings of those risks and actions to crash involvement metrics. Phase Il will develop web-based
modules to effectively teach this information to the target population using intelligent simulation technologies.

PHASE III: Ownership of a web-based driver tutorial that can be used to train hazard recognition and reduce crash
risk should position the company well for integrating their product into applications designed to enhance driver
safety. The system is envisioned to find a receptive market in private and public sectors oriented towards improving
driver safety in young adult populations. These sectors include other military services, student support services for
colleges and universities, and the insurance industry.
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A07-T005 TITLE: Interband Resonant-Tunneling-Diode (I-RTD) Hybrid Terahertz Oscillator

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: To design, build and demonstrate a novel hybrid terahertz (THz) oscillator that utilizes optical-
triggering of an interband resonant-tunneling diode (I-RTD) device to achieve record output power performance
(e.g., > 3-10 milliwatts) across broad portions of the THz frequency band (e.g., 300-600 GHz) from an all solid-state
design operating at room temperature. Military relevant applications of this new source technology include point and
remote monitoring for chemical and biological threat agents; standoff imaging of concealed weapons and
explosives; ultra-high speed/frequency data processing and communications; and characterization of bio-molecular
based devices and systems.

DESCRIPTION: The technological goal of developing a robust and powerful source of controllable electromagnetic
radiation within the so-called THz frequency regime (i.e., often defined as the portion of the submillimeter-
wavelength electromagnetic (EM) spectrum between approximately 1 millimeter (300 GHz) and 100 micrometers(3
THz)) remains one of the long-standing grand challenges of high frequency electronics. As is well known, the THz
regime spans across the frequency domain from RF electronics (where devices primarily utilize transport
mechanisms) to photonics (where devices primarily utilize quantum mechanical state transitions) and challenging
engineering problems exist in this quasi-optical "gap" where EM wavelength is on the order of component size.
Specifically, fundamental physical factors have severely limited the performance (i.e., power and efficiency) of all
traditional devices concepts - i.e., in attempts both to extend upward from the millimeter-wave and to extrapolate
down from the far infrared. Due to these basic factors, the solid-state electronics capability at THz frequencies
remains somewhat limited from a basic signal source and systems perspective. However, while technology limits
persist, there has been a great wave of growing scientific interest in THz-related phenomenon, and this includes
many military-relevant applications areas - e.g., THz spectroscopic detection, identification and characterization of
biological agents and standoff imaging of concealed weapons and explosives.

Indeed, these high priority defense and security applications within the THz regime, along with the unique potential
payoffs to the fundamental sciences, previously motivated the U.S. Army Research Program to make significant
investments into a number of novel, high-risk, solid-state oscillator concepts. This has subsequently led to an
important recent breakthrough where an interband-tunneling mechanism present in staggered-bandgap resonant
tunneling diodes (RTDs) has been shown useful for accessing instability processes at the nanoscale [1]. This is
important because it allows for the elimination of certain broad-band design requirements (i.e., prevent unwanted
low-frequency modes) that had severely limited output power performance within fundamental RTD oscillators.
Furthermore, as a direct result of a long-term research investment by the by U.S. Army Research Office, accurate
models for describing the electron transport phenomenon within Interband RTDs (I-RTDs) were developed for the
first time [2, 3] and this led to comprehensive theoretical studies [4] of a Hybrid I-RTD oscillator that utilized
optical-triggering to realize record output power performance (i.e., > 3 milliwatts) over a significant portion of the
THz band (i.e., 300-600 GHz). Optimization studies have also been used to show the great promise of alternative
types of staggered-bandgap hetero-systems [5, 6] that allow for the design of Hybrid I-RTD oscillators which utilize
state-of-the-art laser technology (i.e., 1.55 micrometers) to realize predicted output power performance at room
temperature that exceeds all other known types of all solid-state oscillators. This research work has provided a
detailed design criterion for the entire hybrid circuit design, along with a practical implementation strategy for
integrating the optical triggering and an analysis of the heating induced during large signal operation [7] and
motivates the development of a new collaborative effort between small business and fundamental research that can
be used to realize a practical demonstration of this important new technological capability.

PHASE I: The Phase | effort should apply new physics-based models towards the specification and conceptual
design of a novel I-RTD hybrid oscillator that employs optical-triggering to achieve superior output power
performance at THz frequencies. The design and optimization studies should also consider alternative types of
staggered-bandgap hetero-systems and determine their potential for performance enhancements. The Phase | studies
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should also specify experimental methods for indirect testing/measurement of device dynamics and acquire data for
critical device and circuit parameters where possible.

PHASE II: The Phase Il effort should build and demonstrate a prototype I-RTD hybrid THz oscillator that exhibits
state-of-the-art output power performance (e.g., > 3-10 milliwatts) across a significant portion of the THz frequency
band. The Phase Il effort is expected to include strong contributions from staggered-bandgap hetero-systems
materials growth/fabrication, device/circuit design and optimization and oscillator measurment and characterization.
The Phase Il effort should also document the utility of the new oscillator in one or more military relevant THz
applications.

PHASE I1I: The initial goals of the program are to demonstrate the performance and value of the new THz source in
highly military relevant applications - i.e., such as monitoring of chemical and biological agents and standoff
imaging of concealed threats. However, this same technology would have relevance to a number of private sector
areas — i.e., such as advanced laboratory components for scientific characterization studies and for materials/process
monitoring in commerical manufactering. Hence, a Phase I1l effort is expected that would explore these type or
near-term private sector opportunities, and possible the exploration of longer-term opportunities such as short-range
/wide-bandgap communications and ultra-fast data processing.
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A07-T006 TITLE: Nanostructures for dislocation blocking in infrared detectors

TECHNOLOGY AREAS: Electronics

OBJECTIVE: Develop innovative nanostructures to block Si substrate associated dislocations from propagating into
the active volumes of infrared photon detectors.

DESCRIPTION: Present day semiconductor technology requires that infrared focal plane arrays (IRFPAs) employ
read out integrated circuits (ROICs) based on silicon (Si). As such, the growth of HgCdTe or 1lI-V quantum
structures on Si substrates offers significant advantages of lattice and thermal matching between the ROIC and the
substrate. Si substrates are also of low cost and provide the potential for larger array formats. The main difficulties
encountered in the growth of these detectors on Si are the large lattice and thermal mismatch between the materials
(~19% for HgCdTe/Si) that gives rise to a high density of defects in the epilayers. Both difficulties have been
partially overcome using buffer layers, as evidenced by the significant increase in crystal quality in the last 15 years.
However, the defect density in the subsequently grown long wavelength infrared (LWIR) layers still is higher than
that of epilayers grown on other substrates which are more expensive and often fragile as in CdZnTe substrates. The
strain-induced defects propagate into the epilayers, which significantly reduce the sensitivity of LWIR infrared
sensing devices and also create pixel to pixel nonuniformity. As research and development efforts advance, it has
become obvious that defects are impeding the progress of IRFPAs with Si substrates.
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This solicitation seeks to make use of nanotechnology to lower substrate related dislocation densities and increase
uniformity for IRFPAs of interest to the Army. It has been recently noted that strain fields induced by quantum dot
buffer layers may be employed to suppress the propagation of dislocations(1,2). It has also been suggested that
several layers of quantum dots may be most effective in bending or merging dislocations(3). On the other hand, it is
important that the quantum dot buffer layers should not themselves create additional defects(4). Thus, dot
composition, dot size, and energy coherence are important parameters to control the strain and suppress the
dislocation growth. Uniform quantum dot buffer layers may also improve the spatial uniformity of the remaining
dislocations and the subsequent detector array. Other novel nanostructures may also provide the desired dislocation
filtering properties(5,6).

PHASE I: Demonstrate a reduction in dislocation density by use of nanostructure buffer layers between Si-based
substrates and LWIR infrared detector material. Estimate the yield of low defect layers, the improvement of array
photoresponse uniformity compared to other techniques, and assess cost effectiveness.

PHASE II: Optimize the physical conditions necessary for effective suppression of dislocation growth. Fabricate and
demonstrate LWIR infrared detectors grown on substrates with nanostructured buffer layers that effectively suppress
dislocation propagation.

PHASE Il A large number of commercial applications will benefit from low cost infrared photon detectors to
include night surveillance, product control, and system thermal management. This technique should also be useful to
interface lasers, light emitting diodes, and Microwave/Millimeter Wave Monolithic Integrated Circuits (MIMIC)to
silicon electronics. For this STTR, a Phase IlI effort should be devoted to developing a manufacturing process for
infrared detector arrays with improved uniformity and sensitivity.
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AOQ07-T007 TITLE: Efficient and Robust Algorithms for Real-time Video Tracking of Multiple Moving
Targets

TECHNOLOGY AREAS: Sensors

OBJECTIVE: To develop novel computational algorithms for real-time tracking of multiple moving targets. The
algorithms need to maintain robust performance in complex urban environments and for tracking nonlinear motions.

DESCRIPTION: Video tracking technologies find applications in surveillance systems, autonomous vehicles,
sensor networks, and precision munitions. For example, video surveillance plays a key role in force protection.
Video tracking is a desirable targeting approach to terminal homing for smart weapons because of anti-jamming
capabilities compared to GPS-based solutions. Key components of video tracking include target detection, track
association, and target motion estimation. The major drawback of the approach of traditional Extended Kalman
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Filtering (EKF) is its performance degradation for tracking nonlinear motions and for handling non-Gaussian noises
under high clutter. Improvements to EKF and various alternative approaches such as particle filtering or multiple-
hypothesis tracking algorithms have been proposed to improve the performance and robustness of tracking
algorithms, but often at the cost of intensive computation [1-7]. Current video tracking systems may work well in
laboratory environments or under benign operational conditions, but perform inadequately under severe conditions
with low signal-to-noise-ratio [5-7]. Target detection and track association remain challenging issues under such
conditions.

The U.S. Army seeks development of novel video tracking algorithms with improved performance for military
applications. The intended application is monitoring surroundings for stationary facilities or patrolling military
vehicles such as High Mobility Multipurpose Wheeled Vehicle (HMMWYV). Available inputs are visual and/or
infrared video streams. Recent advances have lead to algorithms with significant reduction in computation
requirements and to new approaches integrating detection with motion estimation [1-5, 8-9], which points to
potential improvements of tracking performance. The algorithms developed under this STTR topic must be
innovative and need to meet the following requirements. (1) They are computationally efficient and can be
implemented for real-time tracking of multiple moving targets. (2) They maintain robust performance in the
presence of high clutter, occlusion, dynamic range, illumination variation, orientation changes, and moderate image
distortion. (3) They track several types of targets in urban environments including human, civilian vehicles, and
military targets that could exhibit highly nonlinear motions. For example, a person of interest may walk, run, or stop.
(4) They should be able to track a number of targets of different types simultaneously. No assumption of constant
number of targets should be made. It’s anticipated that temporal information should be utilized in order to achieve
robustness to mitigate temporary loss of frames or bad frames. The algorithms should deliver satisfactory
performance for publicly available representative civilian and military data.

PHASE I: Effort in Phase | may be directed to the development of basic tracking algorithms, analysis of details of
issues involved, and development of tools such as quantitative analysis or simulation software for the
characterization and testing of the algorithms under simplified scenarios. Quantitative characterization of tracking
performance should be obtained. Advantages and disadvantages of the proposed algorithms should be explicitly
identified and documented.

PHASE IlI: Efforts are suggested to focus on improving efficiency and robustness of tracking algorithms.
Simulation tools should be expanded to consider practical operation conditions with realistic modeling of urban
clutter and nonlinear target motion. Tracking performance should be documented and characterized based on
experimental data including publicly available representative civilian and military data.

PHASE I11: Phase Il will further develop and refine algorithms for commercial and military applications. Dual-use
applications include navigation of autonomous systems and security surveillance.
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AO07-T008 TITLE: Algorithms for Image Content Indexing and Information Retrieval from Unstructured or
Semi-structured Complex Database

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: To develop innovative computational algorithms for effective image content indexing and
information retrieval that retrieve relevant information from unstructured or semi-structured complex database. The
retrieved information should be associated with statistical measures of its relevance.

DESCRIPTION: Human can recognize objects with ease even in complex scenes because of the availability of a
massive knowledge base and the ability to efficiently retrieve information from it. Therefore, an alternative approach
to automatic target recognition is to create a comprehensive database that contains objects under as many variations
of environments and operation conditions as possible, to continuously update the database as new images collected,
and efficiently compare observations with objects in the database, all by utilizing increasing computing capabilities.
As a first step toward this goal, this STTR topic is aimed at developing effective algorithms for analyzing and
indexing image contents from unstructured or semi-structured (e.g., keyword indexed) database with minimum
human intervention to reduce false classifications. One potential approach is segmenting objects in an image and
indexing the objects based on the contextual information of the image such as scene. Image indexing can be further
restricted to defense relevant objects such as military vehicles. Algorithms for information retrieval should allow
flexible input formats such as sketches and sample images and must return search results within fraction of a second
after searching through a potentially large database created by the outputs of image content analysis and indexing
process. Successful retrieval requires intelligent elimination (e.g., through cognitive reasoning) of false positives.
The retrieved information should be associated with statistical measures of its relevance.

While text search engines have met with commercial success, the development for image search engines is still in its
infancy. Commercial image search engines are limited to keyword search. The main challenges for image indexing
and retrieval include (1) lack of low level signatures that can uniquely describe an object of interest, (2) the
difficulty of converting low level signatures into high level searchable features, and (3) the wide range of potential
variations of such characterizations under different operation environments and conditions when data were collected
[1-6]. Over the last decade, a number of testbeds for content-based image retrieval have been established with
various aspects of emphasis based on rudimentary features such as color, texture and shape [5-7]. Advances in a few
relevant fields (e.g., music information retrieval [4]) also provide knowledge and experience that can be used to aid
image retrieval. Recent research suggests that performance can be improved by semantic retrieval [5, 7].

The purpose of this project is to leverage recent progress to advance technologies for military relevant image
indexing and information retrieval. The intended application to automatic creation of knowledge base for automatic
target recognition systems and decision-making is of critical importance to the Army’s Future Combat Systems.

PHASE I: Phase | may be directed to the analysis and design of algorithms for image content extraction and
indexing, and query-based information retrieval. A small-scale computer test should be established. Feasibility study
should be performed with documented results to prove that the proposed approach has the potential of success.

PHASE II: Efforts in Phase Il are suggested to focus on expanding the scale and scope of the algorithms. Innovative
approaches are needed to maintain robust performance for handling large complex unstructured or semi-structured
database. Representative examples of publicly available civilian and military data should be processed and added to
the database. Potential tasks include (i) demonstration of the capability to analyze content of generic images with
minimum human intervention to reduce false classifications, (ii) design of approaches to efficient image-content
indexing, and (iii) demonstration of quality of performance for information retrieval with sketch or image query
input. A proof of concept prototype system is anticipated.

ARMY - 17



PHASE Il1I: Phase Il military applications include automated creation of target knowledge database for automatic
target recognition. Creation of new image indexing systems and launching of the next generation image search
engines will have enormous technological impact on both civilian and military sectors with unlimited
commercialization potential.
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AO07-T009 TITLE: Frequency-agile monolithic Ka-band filter

TECHNOLOGY AREAS: Electronics

OBJECTIVE: The goal of this research and development is an efficient, light weight and small footprint radio
frequency filter that is widely tunable within the Ka band.

DESCRIPTION: Though technology utilizing the Ka band (~26 — 40 GHz) is readily available, applications are
constrained by insufficient temperature stability, reliability, size and efficiency. Recent research in the growth of
bulk, thin film and nanocomposite active materials has resulted in material systems that respond naturally and
efficiently within the Ka band. Some ferroelectric and ferromagnetic materials, for example, are active in the Ka
band and can be continuously tuned through applied electric or magnetic fields. Recent breakthroughs have
demonstrated that ferroic materials and device structures can be harnessed for frequency-agile monolithic radio-
frequency (RF) devices in the Ka band without the need for prohibitively large external fields.

This topic seeks the identification of a ferroic material and device geometry for a frequency-agile Ka band filter and
a subsequent device demonstration with tuning fields generated by monolithically integrated circuitry. Features of
the filter that should be targeted are: (i) low insertion loss, targeting < 1 dB, (ii) high out-of-band rejection, targeting
> 20 dB, (iii) small size with preferably integrated solutions, (iv) the ability to operate at high power levels, targeting
> 2 Watts, (v) low power consumption in the device and control circuit, (vi) fast switching speed, and (vii)
temperature stability. Theoretical analysis of ferroic materials and candidate device designs are sought to determine
device characteristics. The control circuit is also an important part of the system and offerers are encouraged to
consider this aspect of the system. Microelectromechanical systems (MEMS) technologies have not been able to
collectively address all of the above requirements and novel alternate technological solutions are encouraged. The
resulting data will be used to produce a device design, process flow and test plan for a working prototype device to
be fabricated and fully tested in Phase II.

PHASE I: The offerer will demonstrate feasibility and predict device performance through extensive theoretical
investigation and modeling. The offerer will develop and document the design, decision path forward and
performance testing plan that will lead to a working prototype in Phase I1.

PHASE II: The offerer will construct, test and evaluate the performance of the fully packaged device designed in

Phase I, including documentation of the final design and performance. The offerer will further provide a cost model
and draft a preliminary path to large-scale commercial manufacturability of the device.
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PHASE IlI: This device and variants thereof can serve as an integral component of numerous commercial
applications including light-weight satellite communications, Local Multipoint Distribution Services (LMDS)
systems, network analyzers and spectroscopic instrumentation.

REFERENCES:
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A07-T010 TITLE: Development of Amorphous Alloy Surface Coatings as Replacement for Chromate
Technology

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: The goal of the research is to identify cost effective manufacturing processes which are capable of
production of environmentally benign amorphous alloy surface coatings as replacement for chromate technology.
These surface coatings shall exhibit extremely high strength and modulus and provide the potential for very
effective friction, corrosion, and sand erosion resistance.

DESCRIPTION: Historically, chromium plating is used in a wide variety of applications from decorative hardware
to tribological friction/wear coatings for aerospace. Electrodeposited chromium films are highly effective in both
their corrosion resistance and mechanical properties. However, hard chrome is plated in the hexavalent state and in
this form any residuals from processing are highly toxic. The recent reduction in maximum allowed exposure level
of chromate ions (reduced from 52 to 5 ig/cubic meter and the eventual target is 50% below that level) presents a
huge technical challenge to meet this environmental standard. One way to meet the new standard is to find materials
solutions that use alternative technologies to electrodeposited chromium. It has been shown that bulk metallic glass
alloys have extremely high strength and modulus, and also have the potential for very effective corrosion resistance
given the lack of defects usually associated with polycrystalline materials. However, relatively little attention has
been paid to metallic glass coatings that could fully address the issue at hand.

To be successful the following challenges must be met. (1) Develop coatings that can replace hard chrome
for a variety of applications. It would be essential that these coatings be processed in a mode that would be
environmentally benign and match, or preferably improve on, the properties established for electrodeposited
chromium. (2) The coatings must have sufficient stability to maintain performance at high temperatures, for
example, the nature and integrity of the coating interface with the substrate will require mechanical testing to
demonstrate sufficient stability. (3) Coating properties such as thin film structure, stability and chemistry need to be
verified using the best available means of determining the nature of thin amorphous films, for example, using
advanced synchrotron scattering methods, transmission electron microscopy or any other certification analysis that
might be applicable. (4) The development of these chromate replacement coatings must be accompanied with a
realistic plan for implementation based on collaboration with an industrial partnership capable of eventual
production of technical parts.

In summary, the program must include a research plan that will lead to the discovery of advanced
amorphous alloy coatings capable of replacing hard chromium coatings; a materials characterization scheme that can
verify the nature of the amorphous structure as a function of processing and testing; a systematic evaluation of the
materials in conjunction with their mechanical and chemical properties, and finally a feasible plan for manufacturing
useful products.

PHASE I: Investigate and demonstrate innovative alloy materials and cost effective growth methods to achieve
environmentally benign hard coatings; yet match, or preferably improve on, the properties established for
electrodeposited chromium. Analyze the feasibility of producing the phase structure, alloy stability, and chemistry
needed to produce thin amorphous films. Analytically verify using the best available means, such as, advanced
synchrotron scattering methods and transmission electron microscopy the phase stability necessary to provide the
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required corrosion resistance and mechanical properties. Develop prototype films which demonstrate extremely
high strength and modulus with the potential for very effective corrosion, friction, and sand erosion resistance.

PHASE II: The small business should implement the cost effective manufacturing processes identified in phase I.
This should include both growth and characterization of the environmentally benign amorphous alloy surface
coatings. Implement the development of films with extremely high strength and modulus that demonstrate
improved properties such as corrosion, friction, and sand erosion resistance. Demonstrate repeatable on demand
manufacture of the amorphous alloy coatings. Explore major cost and reliability issues associated with
manufacturing of commercially viable hard coatings, that is, development of reliable, cost-effective manufacturing
processes that can be implemented as a relatively simple well-known manufacturing process.

PHASE I1I: This manufacturing process will offer the opportunity to better control and optimize material properties
to enable next generation hard coatings. The effort is intended to lead to the development of a portfolio of hard
coatings with properties tailored for specific Army applications as well as for homeland security, homeland defense,
and commercial applications. These films are also expected to enable critical advances in coating performance and
reliability, for example, coatings with extremely high strength and modulus, corrosion and sand erosion resistance.
Commercially, replacement of electrodeposited chromium coatings is of paramount importance in order to meet the
technically challenging environmental standards of the present and the future. Thus, the commercialization stage
will include demonstration of the many advantages afforded by successful development of amorphous alloy surface
coatings with extremely high strength and modulus, corrosion and sand erosion resistance followed by launch of
improved and new coatings into the commercial sector.
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A07-T011 TITLE: A Compact Membrane-Reactor Methanol Reformer

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Design, construct, and demonstrate the feasibility of a compact methanol fuel processor utilizing a
micro membrane-reactor that supplies hydrogen for 72 h to a 20 W hydrogen-air, proton exchange membrane fuel
cell. The fuel processor system should have a minimum fueled energy density of 1.5 kWh/kg and not require
maintenance for 500 h in use.

DESCRIPTION: The low-temperature proton exchange membrane fuel cell (PEM FC) is a candidate energy
converter for a compact person-portable 20 W power system for the soldier system. The most effective PEM FC
from an energy efficiency and power density perspective is the hydrogen-air system, although the supply of
hydrogen remains problematical. There is need for a safe and compact hydrogen generator that is fueled by an
energy-dense fuel. Partial oxidation of methanol is a possible means to produce hydrogen at the 20-W level, if the
unit operations of the fuel processor are accomplished within a microchemical systems approach (1-3). Recently,
MIT researchers have demonstrated (4) that a metal-oxide partial-oxidation catalyst coated onto a thin-film
hydrogen-selective Ag-Pd membrane may be used to produce hydrogen of purity to support a PEM FC. This so-
called membrane-reactor combines a reactor and product-gas separator into one process that, in addition to reducing
the unit-operation count, advantageously heat integrates the reactor and separator processes. The micro membrane-
reactor may have the potential to enable a compact microchemical fuel processor system to supply hydrogen for the
soldier’s PEM FC needs. There remains, however, issues that must be addressed before a micro membrane-reactor
based fuel processor could be proven viable in this application, which is the focus of this topic.
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Phase I: Demonstrate experimentally that a fuel processor utilizing a micro membrane-reactor may be used to
produce hydrogen from methanol using air as the oxidant. The hydrogen stream must be at atmospheric pressure or
greater and not require the use of a sweep gas. Based upon the experimental results, report and discuss the size and
weight of a methanol fuel processor system (including all balance-of-plant components and packaging) to produce
hydrogen at a rate and purity to support a 20 W PEM FC for 72 h..

Phase Il: Design, construct, and evaluate a micro membrane-reactor based methanol-to-hydrogen fuel processor
intended to supply hydrogen at sufficient rate and purity to support a 20 W PEM FC system for 72 h. The complete
compact fuel processor system (membrane-reactor, heat exchangers, pumps, packaging, etc ..) must have a
minimum fueled energy density of 1.5 kWh/kg. Demonstrate maintenance-free run times of 500 h or greater. Deliver
one complete system to the Army.

Phase 11l: Developments in improved hydrogen sources for fuel cells will have impact on a wide range of military
uses as well as commercial power sources such as emergency medical power supplies, recreational power, etc...
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A07-T012 TITLE: Molecular Shape Detection for Chemical Analysis

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: A detector that employs Rydberg “fingerprint” spectra to provide molecular shape analysis that,
joined with mass spectrometry, will identify molecular isomers and conformers. This detector will enable a major
increase in selectivity for threat identification.

DESCRIPTION: Mass spectrometers (MS) are powerful and widely used tools for molecular analysis in chemical
and pharmaceutical industries, for environmental analysis, in forensic labs, and in basic research. Army scientists
use MS in the lab and soldiers use MS in the field: for example, MS is on-board the German FOX Chem/Bio
detection vehicle. MS can measure molecular mass with high accuracy and, with this information, the atomic
composition can be determined. But the atomic arrangement or molecular shape cannot be determined. (Note that,
even for only three different atoms, there are four principal, different molecular arrangements and the standard MS
cannot distinguish among them.) Research at Brown University showed, in 2005, that excited electronic (Rydberg)
states could distinguish among molecular shapes (isomers) for several different atomic compositions. Those
workers suggested that laser-induced Rydberg spectra could provide “fingerprints” that, joined with MS molecular
mass spectra, would enable unambiguous identification of molecular structures (isomers) and, further, different
molecular shapes (conformers) of the same isomer.

PHASE I: (Feasibility Study) Demonstrate in-house measurement of Rydberg fingerprints (Molecular Shape
Detection) for three sets of molecular isomers. Demonstrate integration of Rydberg and mass spectra to identify
different molecular isomers. Develop designs for laser source/Rydberg detectors that can be integrated into mass
spectrometers to enable isomers and conformers identification. Design criteria must include: simplicity and
minimum number of parts, ruggedness, and range of compatibility with existing mass spectrometers. Provide cost
estimate for detector.

PHASE II: (Prototype Delivery) Year 1: build breadboard Rydberg/mass spectrometer system(s) using designs

from Phase | and demonstrate joint detector operation for isomer identification. Provide data on maximum mass
range for which system is valid (this will depend on mass spectrometer design chosen for tests) Year 2: build
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prototype suitable for adoption by commercial mass spectrometer instrument manufacturer. Develop Rydberg
detector designs compatible with other mass spectrometer designs.

PHASE Ill: Mass spectrometry is one of the most widely used molecular analysis methods, consequently any
improvement or advance will be widely adopted. One major commercial use of a molecular shape detector will be
in the pharmaceutical industry: different molecular isomers often show greatly different biological activity.
Because different molecular isomers often show strongly different toxicity, this detector will be useful for
environmental analysis. In both cases, use of this detector will greatly speed analysis: the alternative would be
submission of the sample to NMR (nuclear magnetic resonance) analysis — slow, expensive, and difficult to use with
a small sample. The Molecular Shape Detector will increase the selectivity of MS for Army use in threat detection:
chemical and biological agents, explosives, and industrial chemicals.

REFERENCES:
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Structural Sensitivity”, J. Phys. Chem. A 2005, 109, 4899-4904
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A07-T013 TITLE: Dynamic Data-Driven Prognostics and Condition Monitoring of On-board Electronics

TECHNOLOGY AREAS: Weapons

OBJECTIVE: Development of dynamic data-driven prognostic tools to generate advanced warnings of anomalies
and failures in electronics

DESCRIPTION: Maturity of engineering and scientific theories of control, communication and computing in the
recent decades has facilitated creation of modern weapons and platforms that are highly complex systems. While the
complexity remains largely hidden during the normal phase of operations, it becomes acutely conspicuous when
contributing to rare cascading failures. From this perspective, a major goal for enhancement of reliability and
availability of weapon systems is reduction of the probability of catastrophic failures without any significant
compromise of their service quality and performance.

The objective of the project is to develop and demonstrate a library of predictive algorithms based on advanced
signal analysis and pattern recognition techniques, such as Rao-Blackwellised Particle Filtering (RBPF), Symbolic
Time Series Analysis (STSA), and Artificial Neural Networks (ANN), which identify the signatures of a
malfunctioning system by comparison with those of the normally functioning system, thereby allowing prognosis of
specific malfunctioning machines or systems well ahead of their occurrence. A prognostic system, which is able to
provide an accurate picture of forthcoming faults and component degradation and to serve as predictive indicators of
failures, will be extremely useful for the crew. The noble advantages include taking timely actions to avoid costly or
catastrophic damage to critical Line Replaceable Units (LRUs) and to maintain availability/readiness rates for
weapon systems.

The development of the predictive algorithm library needs to be general in the sense that these algorithms should be
able to be ported to different computational platforms and environments. However, to test and prove the efficacy of
various algorithms, the library should be developed for a specific application of the Future Combat Systems (FCS).
The FCS program is interested in developing technologies that will enable real-time prognosis & condition
monitoring and remaining life prediction for its critical components.

The on-board electronics may consist of many heterogeneous subsystems and components that are interconnected
together in a complex manner through active and passive feedback control. A fault in one or more component(s)
may influence the outputs of several other normally functioning subsystems to cause false alarms of failure. The
rationale is that a healthy subsystem would yield anomalous sensor outputs if it receives faulty inputs from its
predecessor. Therefore, detection and isolation of anomalies and failure precursors in correct subsystems and
components is essential for mitigation of false alarms. On the other hand, prevention of catastrophic failures, due to
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(possibly) cascaded faults, also requires fault location, isolation and reconfiguration for enhancement of system
performance and availability.

The connectivity information of LRUs and the information about possible cascades is a priori available on-board. A
combination of model-based, sensor-based, and/or auxiliary information might be necessary to locate and isolate the
faulty subsystem(s) for system reconfiguration. Therefore, it is imperative not only to detect the incipient faults as
and when they occur, but also to isolate them as closely as possible to exercise appropriate decision and control for
mitigation of its ongoing pervasion. The goal is to observe the evolution of actual system characteristics, extracted
from sensor data, with reference to the nominal or the expected behavior generated by using a system model under
the statistically similar conditions of disturbance and input excitation.

PHASE I: This initial phase will involve defining target events for failure prognosis. A specific component or
subsystem of the FCS program will be identified, and initial tests on fault prediction should be performed for that
component or subsystem using one or more analytical tools. An outline of the predictive algorithm library should be
developed along with the preliminary version of the software written in a portable languages.

PHASE II: The next phase will involve develop+ing the predictive algorithms in the library, implementing them in
software, and testing them against actual system failures or system events. The FCS program may allow the
contractor to model one or more components or subsystems as part of Phase Il. The goal of this phase should be a
demonstration of the predictive failure library in the field environment. The prognostic algorithms need to be
evaluated on their capability to recognize various event patterns, and should be measured on accuracy (false
positive/false negative) and on the prediction time (i.e., how far in advance does an algorithm correctly classify a set
of data into a “bad” pattern indicating a failure state?). This phase should include the development of an
architecture, in addition to the library of algorithms, that provides an automated solution for data collection, data
integration, transformation, prediction, and display of prognostic results at a fleet level (i.e., for failure prediction on
multiple systems).

PHASE I1II: The last phase will involve commercialization of the predictive tools into a prognostic system that can
be deployed across various platforms of the FCS Program.

PRIVATE SECTOR COMMERCIAL POTENTIAL: The ability to predict machine/equipment events has
significant commercial potential in aircraft and other transportation, energy and process industry, manufacturing,
and other industrial applications, where an advanced prognostic capability would enhance reliability, availability,
and maintainability to reduce the overall life cycle cost.
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A07-T014 TITLE: Discontinuous Element Software for Computing 2D and 3D Failure of Materials under
Ballistic Impact

TECHNOLOGY AREAS: Weapons

The technology within this topic is restricted under the International Traffic in Arms Regulation (ITAR), which
controls the export and import of defense-related material and services. Offerors must disclose any proposed use of
foreign nationals, their country of origin, and what tasks each would accomplish in the statement of work in
accordance with section 3.5.b.(7) of the solicitation.

OBJECTIVE: Design and develop modular finite element software based on discontinuous and/or continuous
elements in a meshed or meshless Lagrangian framework to compute 2D and 3D failure of materials under ballistic
impact.

DESCRIPTION: Adiabatic shear and spall fracture in solid materials have been extensively studied over the past
four decades, with much of the current status of the fields being summarized in [1,2]. Recent theoretical successes
[3,4,5] have been achieved in overcoming some of the challenges identified by prior research. A major challenge for
numerical modeling of shear bands concerns the establishment of intrinsic length scales that presumably may
alleviate mesh size dependency. Classical rate-independent plasticity theory lacks an intrinsic length scale, and
consequently mesh-dependency issues have been addressed by various, often ad hoc, regularization strategies,
including adoption of rate-dependent, non-local, and/or strain gradient constitutive models. Mesh-alignment
sensitivity is commonly encountered because the finite element mesh size is often of size equal to or larger than the
intrinsic length scale of the constitutive model. Numerical modeling of spall failure includes discretization-
dependency issues for free surface creation accompanying void initiation and growth. Brittle fracture, however, has
had significant recent success, at least for limited numbers of cracks. Meshless strategies have demonstrated some
success in overcoming the mesh-alignment problem [3]. The width of a shear band is discussed in [1]. Recent
research has indicated that another important length scale for shear bands, the most probable allowable spacing of
bands, may be described by a new and previously unknown scaling law [6]. This recent success in theoretical shear-
band and spall modeling has not been accompanied by complete incorporation of corresponding numerical
techniques in software packages used for design of armor with improved performance under ballistic impact. The
generation of modular software enabling easy user insertion of constitutive models for material deformation and
criteria for initiation, evolution, and coalescence of damage entities is a priority.

PHASE I: Carry out a design study for modular finite element software based on discontinuous and/or continuous
elements in a meshed or meshless Lagrangian framework to compute failure of materials under ballistic impact in
two and three spatial dimensions (2D and 3D). Criteria triggering introduction of discontinuities must be part of the
computational process, not purely the result of a priori input from the user. For example, a shear band insertion
criterion should depend on internal state variables, preferably in a thermodynamically consistent way for plastic
materials, accounting for energy transfer from/to the failure front to/from the surrounding material, as opposed to the
widely used cohesive zone method of elastic energy release due to bond breaking. After introduction of the
discontinuity, the temperature and jump in velocity across the element have to be controlled in such a way as to
mimic the true, continuous, but very rapidly varying fields across the discontinuity for both shear bands and spall
fracture. For example, the particle velocity and the temperature profiles typically associated with a shear band
change in one direction far more rapidly than can be accommodated by convenient grid or element size. The
transition across the band is in effect an internal boundary layer that is forced by a material instability (strain
softening driven by heat from plastic working). The physics to be represented is complex and has not previously
been incorporated into robust, user-friendly software. Similarly, spall failure should be exercised numerically in a
physically realistic, history-dependent way, as recent research [5] indicates that spall strength may be influenced by
local inertia around growing voids in the vicinity of the spall plane.

The discontinuities in the field variables should minimally include tangential jumps in displacement as well as
cracks or voids that may open, close, and slide. The discontinuous and continuous elements should be integrated into
a complete computational procedure that accurately captures the dynamics of high-strain-rate failure processes
exhibiting discontinuities in the field variables appropriate for adiabatic shear bands, spall planes and cracks.
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Flexible user selection and control over criteria for initiation and propagation of damage entities should be based
upon initial conditions and solution trajectories (for example, the local stress and temperature state). The
computational procedure must be able to handle complex geometries and heterogeneous material properties
corresponding to realistic crystalline microstructures. Materials of primary interest are polycrystalline metals and
ceramics, and the computational procedure should be applicable at resolutions from microns to millimeters. At the
end of Phase I, the contractor should present 1) a complete design for the modular 2D and 3D finite element
software, 2) theoretical justification for the class(es) of 2D and 3D discontinuous elements proposed for that
software, 3) conditions for on-the-fly insertion of these discontinuous elements into the computational process and
theoretical justification of those conditions, 4) statements about expected limitations of the software (for example,
poor performance under certain material or computational conditions or inability to handle various strain rates), 5)
preliminary evidence that the 2D and 3D software will accurately represent the dynamics of a large class of
conditions. Preliminary evidence may be theoretical evidence, 2D (or 3D) computational evidence and/or any other
evidence that would be acceptable to theoreticians and practitioners.

PHASE II: Develop the modular 2D and 3D finite element software designed in Phase I. This software should be
compatible with or, preferably, directly plug into one or more widely used finite element software systems for
computing response to ballistic impact (for example, ABAQUS, EPIC, DYNA). Carry out validation and
verification of this software. Confirm that the accuracy and limitations of the software are consistent with the
estimates of Phase | or correct those estimates. Carry out a demonstration of the software. At the end of Phase II,
present the software, a user manual for the software and a summary of the verification/validation, accuracy and
limitations of the software.

PHASE I1IlI: The system produced by this effort will support a broad range of military and civilian applications
where computation of material response under large strains and strain rates is required. Military applications include
design of advanced anti-ballistic and anti-blast (improvised explosive device, YIED) armor and testing via
simulation. Possible civilian applications include design of materials and structures for mitigation of effects from
crash and explosions and optimization of high speed cutting and forming operations.

NOTE: Both meshed and meshless finite element methods are acceptable. If a meshless method is proposed, the
computational load must be shown to be not much larger than that for a meshed method.
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A07-T015 TITLE: Portable Fully-Automated Soil Property Measurement Probe

TECHNOLOGY AREAS: Sensors

OBJECTIVE: To develop an innovative instrumented portable device that can make rapid in-situ measurements of
the shear, sinkage and frictional properties of soil.

DESCRIPTION: Floatation, mobility, and tractive ability of off-road vehicles are of key concern for engineers
involved in the design and testing of agricultural, construction, forestry, military, and mining equipment. Reduction
in vehicle weight along with an increase in soil-traction device contact area has successfully overcome issues related
to floatation. Mobility and tractive ability of off-road vehicles continues to be challenging problems because of the
complexity of soil-traction device interaction process. Although soil is the key component of this soil-traction
interaction device interaction process, it is often very poorly accounted for in mobility models. Several researchers
have tried to identify soil properties or parameters to adequately represent soil in a traction prediction model
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(Janoshi and Hanamoto, 1961; Bekker, 1969; Yong et al., 1984; Wong, 1989; Freitag, 1966; Turnage, 1972; Wismer
and Luth, 1973). Freitag (1966), Turnage (1972), Wismer and Luth (1973) have used dimensionless terms based on
soil cone index values known as "numerics” such as clay numeric, sand numeric, or wheel numeric to represent soil.
The cone index is a composite soil parameter obtained by pressing a standard cone penetrometer (ASAE Standards,
2000a and b) into the ground at a penetration rate of 72 in/min. It is expressed as the force per unit area required to
push the penetrometer through a specified small increment of soil. One of the main advantages of the cone
penetrometer is its simplicity and ease with which it can be used to obtain field data. It appears to be quite useful in
predicting motion resistance of vehicles. Motion resistance of off-road vehicles is related to the compressibility of
soil and that of the traction device. Therefore, cone index appears to be an adequate indicator of compressive ability
of soil. Tractive characteristics of off-road vehicles depend on shear and sinkage characteristics of soil (Bekker,
1969; Yong et al., 1984; Wong, 1989; Upadhyaya and Wulfsohn, 1989). Upadhyaya et al. (1993) found that soil
cone index values were not sufficient to determine tractive ability of vehicles. Wills (1964) developed a hydraulic
bevameter that could measure plate sinkage and torsional characteristics of soil. Upadhyaya et al. (1993) developed
an instrumented soil test device that could measure soil sinkage, shear, and cone index values. Upadhyaya and
Wulfsohn (1993) and Upadhyaya et al. (1989) reported better success in predicting tractive ability of radial tires
using soil sinkage and shear parameters compared to soil cone index values. Bevameter or other currently available
instrumented devices that provide shear and sinkage characteristics of soil are research devices and are not as simple
and easy to use as a standard cone penetrometer.

PHASE I: Develop a design a proof-of-concept laboratory prototype for innovative instrumented portable device
with the capability for in-situ measurements of the shear, sinkage and frictional properties of soil. This device would
operate like a cone penetrometer to automatically obtain three cone index values with depth as pushed into the soil -
the (i) commonly used Cone Index (CI), (ii) the Friction Index (FI) which is the ratio of the frictional torque on the
soil test unit to the CI, and the (iii) Shear Index (SI) which is the ratio of the shear torque on the soil test unit to the
Cl.

PHASE II: The Phase Il program will be an engineering development effort to bring the Phase | instrumented soil
test device prototype to a functional state for field deployment and to add enhanced capabilities, readily COTS
available or demonstrated under laboratory conditions, that will produce a rapdly-deployable and versatile sensor to
characterize surface soil for use in both direct in-field applications and in operational mobility prediction models.
These capabilities include (i) a dielectric or near-infrared spectroscopy based moisture sensor, (ii) a compact data
logging system, and (iii) a displacement senor (rotary potentiometer) so that torque versus displacement
characteristics can be measured and soil shear modulus determined, and (iv) an electrical or hydraulic drive to
automate the rotation of the soil test device. The Phase Il effort will develop versions of the technology that can be
deployed as a man-portable probe and as a probe that can be mounter and deployed on a small remote-operated
robotic vehicle.

PHASE I1l: Development of a commercializable/marketable instrumented portable probe that can make in-situ
measurements of the shear, sinkage and frictional properties of soil. Potential Military applications are defined in
the Future Force operational requirements for Unmanned Ground Vehicle reconnaissance that include the real-time
measurement of soil properties for operational mobility and military engineering operations. Multiple civilian
applications are envisioned in areas such as road construction, agriculture, mining, and forestry.
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A07-T016 TITLE: Synthesis and Scaleup of Fuel-Cell Compatible Alkaline Electrolyte Membranes

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Synthesize a hydroxyl-conducting alkaline exchange membrane (AEM) electrolyte and measure its
mechanical, chemical, and electrochemical properties relevant for fuel-cell application. Develop and demonstrate
feasibility of scale up procedures to produce AEM polymer materials intended for use by fuel-cell developers.

DESCRIPTION: Proton exchange membranes (PEM) are the proton-conducting electrolyte in low-temperature (~
100 C) fuel cells (FCs). PEM FCs are being examined for DoD applications spanning power demands from mW to
kW and are a candidate compact power system for the soldier. The acid environment of the PEM requires noble
metal electrocatalysts, which increases lifecycle costs for this power source and limits fuel choice to hydrogen or
methanol. In addition, water-management issues arise because of electroosmotic pumping of water from anode to
cathode, and care must be taken in design and operation of the PEM FC to avoid dry-out conditions at the anode or
flooding at the cathode. In principle, an alkaline exchange membrane (AEM) as a hydroxyl-conducting electrolyte
could improve FC performance over state-of-art PEM FC technology and alleviate these problems (1, 2). The
potential advantages and challenges of an AEM FC have been recently summarized (2). For example, non-noble
(low-cost) electrocatalysts can be employed in both electrodes of an AEM FC, with an improved energy efficiency
because of lower anode (fuel) and cathode (air) overvoltage; cathode flooding is less problematical; more complex
fuels may potentially be employed since C-C bond breakage is more facile in alkaline environment; etc ...
Challenges facing AEM FCs include the need to ensure carbon dioxide uptake into the AEM does not result in
reduced ionic conductivity; chemical, electrochemical, and thermal stability of the AEM under FC operating
conditions; etc... Unlike PEMs, there is no commercial source for AEMs to support development of AEM FC
technology. Advances in polymer chemistry and polymerization processes such as anionic polymerization (3),
atom-transfer-radical polymerization (ATRP) (4); radiation grafting (5), among others, support an examination of
means to synthesize new and novel AEM polymer materials and examine their properties for possible enabling use
in AEM FC power systems. Because AEM materials are not readily commercially available, it is important that the
manufacturing processes to synthesize the AEM be scaleable to provide sufficient samples to fuel-cell developers
for evaluation.

PHASE I: Synthesize a hydroxyl-conducting AEM polymer with controllable ion-exchange capacity. Characterize
the polymer to include: chemical and electrochemical stability; equilibrium uptake of CO2 from air; liquid-water
wetted ionic conductivity; and tensile strength, all over the temperature span of 20 to 80 C. Present a process to
scale up production of the AEM.

PHASE I1: Upon optimization of the synthesis chemistry with a focus on improving AEM FC relevant properties,
design, construct, and demonstrate feasibility of the process to produce commercial quanitities of the optimized
AEM polymer.

PHASE I11I: Developments in improved fuel cells will have impact on a wide range of military uses as well as
commercial power sources such as emergency medical power supplies, recreational power, etc...
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A07-T017 TITLE: Ultrasound Assisted Oxidative Desulfurization of JP-8 Fuel

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop a process based upon the ultrasound assisted oxidative desulfurization (UAOD) method to
remove sulfur-containing compounds from JP-8 fuel. The system will supply desulfurized JP-8 fuel at 10 g/min with
sulfur content no greater than 10 ppm, which is a sufficient rate and purity to support a 2 kW solid oxide fuel cell
after fuel reformation.

DESCRIPTION: Solid oxide fuel cell (SOFC) power systems are a potential solution to a variety of Army power
needs ranging from tens of W to tens of kW. Because SOFCs operate at high temperature, they can be fueled with
H2 streams containing significant CO content, which may be supplied by reformation of the Army logistics fuel JP-
8. Catalysts in the reformation reactors are, however, poisoned by sulfur within the fuel, which necessitates a sulfur-
removal step prior to feeding JP-8 to the fuel processor. The common high-temperature and -pressure
hydrodesulfurization technology practiced at the refinery scale is not feasible for the power levels described above
and alternative approaches to eliminate sulfur must be employed. Recently, an innovative ultrasonic method to
remove sulfur from hydrocarbons has been demonstrated (1-3). The ultrasound assisted oxidative desulfurization
(UAOD) process selectively oxidizes sulfur in common sulfur-containing molecules in diesel (e.g., thiophenes,
benzothiophenes, and dibenzothiophenes) to a sultone that, because of its polarity, may be removed via selective
adsorption. The sonoreactor assists in effecting a high-rate of catalytic reaction using hydrogen peroxide as the
oxidant while the sono-energy emulsifies the aqueous peroxide-containing stream with the fuel. The UAQOD process
is carried out at ambient temperature and atmospheric pressure and employs common unit operations. Because of its
simplicity and ambient operating conditions, the UAOD process has the potential to form the basis of a
desulfurization system in the power range described above; however, there remain questions and issues that must be
addressed to gauge its potential to fill this need for the military. For example, the UAOD process has been
demonstrated on diesel but can it be effective if fed the higher-sulfur content JP-8? The UAOD process employs
polyoxometalate homogeneous catalyst, surfactant, and phase-transfer agent that must be separated from the
desulfurized fuel and recycled. Can these processes be performed in simple and compact hardware? Can a
heterogeneous catalytic fixed-bed process be employed and thereby eliminate the need for (homogeneous) catalyst
removal and recycle? The sultone adsorbent must be either regenerated or replaced: which, if either, is to be
preferred? Hydrogen peroxide is used in the process. Can this oxidant be generated in-situ by, for example,
ultrasound-induced decomposition of water, as demonstrated by Hua and Hoffman (4)? These and other issues must
be considered if a practical and sustainable UAOD-based desulfurization process is to be fielded.

PHASE I: Demonstrate that the UOAD process can be used to desulfurize JP-8 to 10 ppm S. Develop and evaluate
at the bench scale approaches to enable a practical UOAD desulfurization process such as heterogeneous catalysts,
minimization of oxidant reagent needed, innovative phase-separation and recycling methods, etc ... Present and
discuss a design of a complete UOAD-based system to desulfurize 10 g/min of JP-8 fuel to no greater than 10 ppm
sulfur, with a focus on size and weight of each unit operation in the system.

PHASE II: Design, construct, and evaluate a complete UOAD-based system to desulfurize 10 g/min of JP-8 fuel to
no greater than 10 ppm sulfur. At the minimum, the system should not require maintenance for 500 h of runtime.
The (dry) system must be self-contained and person-portable. Deliver one complete JP-8 desulfurization system to
the Army.

PHASE I11: Developments in fuel processing systems for fuel cells will have impact on a wide range of military uses
as well as commercial power sources such as emergency medical power supplies, recreational power, etc...
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A07-T018 TITLE: High efficiency deep green light emitting diode

TECHNOLOGY AREAS: Electronics

OBJECTIVE: The goal of this research and development is to create a light emitting diode (LED) with enhanced
output using nanoparticles.

DESCRIPTION: Efficient solid state white lighting currently suffers from the lack of an efficient deep green (555-
585 nm) emitter. Green LEDs have not been able to match the performance of aluminium indium gallium phosphide
(AlInGaP) and gallium nitride (GaN) emitters which emit in the yellow-red and blue wavelengths respectively.
Because 555-585 nm is the region of the visible spectrum to which the human eye is most sensitive, it is the most
critical component of white light technology. Quantum well (QW)-based LEDs can be readily engineered to emit in
this wavelength range but are inefficient, suffering from non-radiative decay due to material quality. This
inefficiency can be addressed by providing another radiative decay route for carriers which can compete with the
non-radiative transitions. Quantum dots (QD) with strong luminescence, if placed in close enough proximity to the
quantum well for significant tunneling to occur, can provide an additional radiative decay channel. This effectively
can compete with the non-radiative channels and enhance the efficiency of green LEDs. Obtaining sufficient
coupling between the quantum well and quantum dot is difficult with typically spherical nanoparticles. Research is
sought to prove the effectiveness of this technique by (i) identifying a non-spherical quantum dot that can provide
strong coupling to a quantum well, (ii) modeling the impact of the additional radiative decay channel, and (iii)
demonstrating the technology through a working prototype. The efficiency goal for the device is > 120 lumens per
Watt of input power.

PHASE I: The offerer will demonstrate feasibility and predict device performance through extensive theoretical
investigation and modeling of coupled QW/QD structures, identifying at least one type of non-spherical quantum
dot that can be incorporated in an QW-based LED. If the modeling determines that the technique can significantly
increase efficiency above current technology, the offerer will develop and document the design, decision path
forward and performance testing plan that will lead to a working prototype in Phase Il. A Phase Il award is
contingent upon a design that provides an efficiency gain sufficient to support a commercially viable technology.

PHASE II: The offerer will construct, test and evaluate the performance of the fully packaged device designed in
Phase 1, including documentation of the final design and performance. The offerer will provide a cost model and
draft a preliminary path to large-scale commercial manufacturability of the device. The offerer will further construct
designs for higher efficiency and scaled devices for higher output power.

PHASE III: Civilian applications of this device include general lighting, display illumination and spectroscopic
light sources.
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A07-T019 TITLE: Super-resolution adaptive laser beam projection system

TECHNOLOGY AREAS: Sensors

OBJECTIVE: Develop concept, algorithm and hardware for high-resolution laser beam projection onto a remote,
extended target though turbulent atmosphere for Army tactical applications.

DESCRIPTION: Target-in-the-loop (TIL) laser beam propagation is commonly encountered in a number of ARMY
applications such as laser target designation, active imaging, directed energy systems, and tracking. It has been
demonstrated recently that the conventional adaptive optics approach, based on measurement and subsequent direct
conjugation of the speckle-field wave-front phase, faces serious problems in target-in-the-loop compensation
scenarios with extended (resolved) targets with rough surfaces.[1] This is primarily due to the fact that this approach
cannot distinguish between the contributions of atmospheric-turbulence induced phase aberrations and target-
induced effects caused by the target surface roughness. This issue represents, perhaps, the most challenging case for
adaptive optics applications. A prospective solution to this problem has been shown through an innovative approach
where iterative real optical phase conjugation leads to formation of a stable hot spot on the target.[2] The laser
system based on this new approach can be used for various Department of Defense (DOD) applications including
laser communication, synthetic aperture optical imaging, laser designation, and directed energy tactical systems that
can significantly increase of the power density on the target.

PHASE |: Develop a concept, algorithm, and design that will demonstrate a system architecture that is consistent
with the technical goals articulated above. More specifically, the contractor should develop an initial system design
that operates in the near IR and, based on this design, develop a laboratory-scale system that demonstrates the
architecture feasibility for distances up t010 miles.

PHASE II: Build, test, and integrate a state-of-the-art optical system that uses this technology. This should include
an optimized phase conjugation module to function with the specific optical system. This includes achieving
compatibility with regard to spatial and temporal resolution for both resolved and non-resolved target, as well as
optimization of control algorithms.

PHASE IlI: This technology has the potential to be an enabling technology for laser communications and large-
aperture tactical weapon system for Army and Navy applications and space-based optical imaging systems. Military
and civilian users would both benefit from the increased performance as well as reduced costs associated with
dramatic reductions in the weight of such systems. Civilian applications include aberration compensation for
extended-range high-data-rate laser communications, retinal imaging, optical tweezers, and high-altitude imaging
for agriculture monitoring, traffic management, and law enforcement.
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A07-T020 TITLE: Fiber nonlinearity based entangled-photon sources

TECHNOLOGY AREAS: Electronics
OBJECTIVE: Design and development of an innovative device based in optical fiber to generate entangled photons

suitable for the demonstration and deployment of ultra secure quantum communication protocols in existing fiber
telecommunication infrastructure.
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DESCRIPTION: Quantum communication and key distribution protocols provide a capability for ultra secure
communication not possible with classical communication protocols. Key to the deployment and early adoption of
this technology is compatibility with existing fiber telecommunication networks. Entangled photon pairs are a
critical resource for realizing these quantum communication protocols. Therefore, the efficient generation and
distribution of entangled photon pairs in fiber networks is of prime importance. Spontaneous parametric down-
conversion in a 2nd order (+(2)) nonlinear crystal has been the workhorse method for generating entangled photon
pairs. However, efficient coupling of the entangled photons generated by the crystal into standard optical fibers for
transmission, storage, and manipulation over long distances has been an engineering challenge. Recent experiments
have changed the situation by directly producing entangled photons in the fiber itself by exploiting the fiber’s Kerr
nonlinearity [1,2]. By cooling the fiber to liquid nitrogen temperature, a two-photon interference visibility > 98%
has been demonstrated [3], which meets the requirement for entanglement based secure key distribution. Further
developments have included the generation of degenerate-frequency entangled photons [4] and the use of
microstructure and highly nonlinear fibers for producing entangled photons over a wide range of wavelengths (750—
1560 nm) [5,6]. The latter also provides a pathway for the development of compact, integrable sources that can be
fielded in the ubiquitous optical fiber infrastructure and dual use systems [7].

PHASE I: Design and demonstrate feasibility of a high-fidelity source of degenerate as well as nondegenerate
polarization and time-bin entanglement that is rack mountable and deployable in a realistic field environment. The
source must be able to produce photon pairs at a rate exceeding 100,000 per second out of the tips of the fiber and of
fidelity sufficient to enable quantum key distribution protocols.

PHASE II: Build prototypes of the polarization as well as time-bin entanglement sources and quantify the
performance metrics of two-photon interference visibility and the pair-production rate. Provide a demonstration
deployment that validates the technology. The Phase-11 program shall provide a plan to transition the technology to
commercial development and deployment.

PHASE IlI: The technology developed here has impact on the successful deployment of ultra secure quantum
communication networks based on existing fiber infrastructure. In addition to critical national security applications,
guantum communication is anticipated to have an impact on commercial applications involving ultra secure
communications, such as bank transactions. The technology developed here is also anticipated to have broader
impact on photon sources for classical communications based on existing fiber networks for DOD and commercial
applications.
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A07-T021 TITLE: Low Data Rate Frequency-Shifted Reference Ultra-Wideband (UWB) Communication
Systems

TECHNOLOGY AREAS: Electronics

OBJECTIVE: The objective of this STTR is to develop a robust low-cost ultrawideband communication system
based on the frequency-shifted reference ultrawideband (FSR-UWB) concept.

DESCRIPTION: Ultrawideband (UWB) communication systems provide the potential for extremely low power
robust communication with excellent material penetration, high resistance to multipath fading and jamming, and
high user capacities [1][2]. In addition, the large system bandwidth provides the potential for accurate node
positioning. Hence, the realization of such a technology would significantly benefit numerous military and
commercial systems, particularly those for small unit operations, sensor networks, RF tagging, industrial machinery,
etc. However, the penetration of UWB systems into both military and commercial systems has been hampered by
two key factors: (1) difficulty in realizing the UWB receiver, and (2) susceptibility to narrowband interference.
Both of these factors have greatly limited the applicability of UWB systems, and, in particular, the latter has made
UWAB unattractive for military applications.

Recently, the FSR-UWB system architecture has been introduced [3]. As a variant of the standard transmitted
reference (TR-UWB) concept [4], it avoids the complexity of the rake receiver and associated channel estimation by
transmitting a reference signal along with the data signal. However, by offsetting this reference signal in frequency
rather than time from the data signal, the unrealizable wideband delay line in the TR-UWB receiver is avoided.
Since the FSR-UWB works in frequency instead of time, resulting receiver architectures will more easily mitigate
narrow band interference. This effort seeks to capitalize on these recent innovations by considering the
development, demonstration, and commercialization of a low-cost FSR-UWB system that is resistant to narrowband
interference.

PHASE I: Research, development, and evaluation of different FSR-UWB architectures with associated narrowband
interference suppression capabilities. Critical in the evaluation of each architecture is not only the performance but
also maintaining the simple realization characteristics of the initial FSR-UWB system. The applicability of each
architecture to various (ultrawide) bandwidths should be considered, particularly the ability to scale bandwidth in
future  systems. The result will be a report that clearly lays the roadmap for commercialization in at least one
compelling application. If possible, a small demonstration consisting of a link or set of links should be constructed
to demonstrate the system capabilities.

PHASE II: Further development of the most promising architecture from Phase | with a focus on the selected
compelling application. Demonstrate a network of nodes with a fully functioning protocol stack.

PHASE I111I: Design, build, and test a network of fully integrated low-power nodes. Potential military applications
include small unit operation communications, friend-vs.-foe identification, sensor networks, RF tagging, etc.
Potential commercial applications include industrial communication and sensing, RF tagging, etc.
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A07-T022 TITLE: Diluted-Magnetic Semiconductor (DMS) Tunneling Devices for the Terahertz Regime

TECHNOLOGY AREAS: Electronics

OBJECTIVE: The objective of this project is the design, development and demonstration of novel semiconductor
quantum barrier/well devices that utilize spin-control mechanisms available in diluted-magnetic materials for
achieving higher-level functionality (e.g., transistor action) at very high switching-speeds and frequencies. A
successful outcome of the effort would be the experimental demonstration of enhanced or new electron-device
functionality that leverages spin and charge control to significantly advance military-relevant analog and/or digital
electronics within the terahertz frequency regime.

DESCRIPTION: The long-standing motivation for the use of diluted-magnetic semiconductor (DMS) structures in
both electron charge/spin transport devices is for the development of ultra-capable (i.e., small, fast, etc.) computer
chips that can both calculate and store data. To that end, the DMS challenge has been: (1) to optimize the magnetic
properties for room temperature operation; (2) to design devices that can successfully exploit both spin and charge
(electron and hole) transport capabilities; and (3) to successfully incorporate the magnetic field as a controlling
element. Fortunately, important breakthroughs have occurred recently that provide new avenues for achieving these
objectives. In particular, a major step with respect to optimization has occurred with the emergence of a new
capability for constructing DMS semiconductors one atom at a time [1], thereby permitting, in the case of GaAs, for
the optimal arrangement of manganese atoms necessary to enhance the magnetic semiconducting properties.
Additionally, recent GaMnN [2] studies have demonstrated Curie temperatures in excess of 300K which allows for
achieving the magnetic properties at temperatures much higher than were available before. In closely related device
design advances, the lack of prior success in the development of a spin FET [3] has been dealt with through the
incorporation of magnetic field effects that are transverse to the direction of transport [4]. Indeed in one key
example, ferromagnetic gates were configured perpendicular to transport in the design of a spin valve in a SiO2/Si
structure [5]. As an analogue to these type of ferromagnetic gates, DMS structures also offer an additional design
latitude where the magnetic field can function as a control element to two-terminal devices, e.g., Resonant
Tunneling Devices (RTDs) and superlattices [6, 7], and this has immediate application in the design of very high-
speed switching devices and novel terahertz (THz) regime (> 300 GHz) sources [8, 9]. In realizing these
magnetically-gated devices, n-type transport will be of paramount importance; and with the recent experimental
demonstration of a three-terminal device based upon a GaMnAs /n+-GaAs structure with electron spin-injection by
interband tunneling [10], this is now possible. Hence, it is not surprising that new types of DMS-based devices are
appearing more frequently, including structures proposed as biomolecular sensors [11], a lateral superlattice [12],
and spin Gunn-effect devices [13].

The aforementioned breakthrough demonstrations in DMS-based materials and heterostructure devices provide
strong motivation for the development of a completely new class of very high speed/frequency functional devices.
The envisioned STTR effort will seek to develop DMS-based tunneling devices by leveraging new theoretical
insights and design (i.e., modeling and simulation) tools that have only recently emerged from U.S. Army supported
fundamental research projects [6-9] and other similar types of endeavors. The expected outcome of the STTR
project would be the experimental demonstration of increased device functionality with regard to spin and charge
control, along with high-speed and/or high-frequency analog and/or digital capabilities. Furthermore, a successful
effort would demonstrate the effectiveness of this new tech-nology in one or more U.S. Army and/or DoD relevant
application areas — e.g., THz frequency source technology, THz frequency sensing, etc.

PHASE I: The Phase | effort should apply advanced modeling and simulation capabilities to the conceptual design
of novel devices that are based upon DMS tunneling structures. Devices studies should be emphasized that seek to
develop high-level functionality and enhanced capabilities for U.S. Army relevant applications at THz frequencies -
e.g., high speed/frequency transistors. The Phase | studies should identify device design trade-offs and perform
experimental measurement/testing for concept verification and proof-of-concept where useful.

Phase Il: The Phase Il effort should build and demonstrate a prototype multi-terminal DMS device capable of

offering new functionality and/or superior capability for operation at THz frequencies. Relevant applications might
include, but are not limited to: THz sources for use in monitoring for chemical, biological and energetic threat
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agents and/or THz transistors for very high-speed data and signal processing. The Phase Il demonstrations should
document the effectiveness of the new devices and execute optimization studies for assessing their maximum
potential.

PHASE I1I: The initial targets for the proposed DMS technology is for highly military relevant THz applications
such as power sources for threat agent detection and monitoring and very high-speed transistors for data and signal
processing. This same technology would have relevance to other areas such as: novel biomolecular sensors; IR
sensors; memory devices; etc, and these devices would represent a major enabler to a host of private sector
electronic application areas.
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A07-T023 TITLE: Modular Protein Manufacturing Platform

TECHNOLOGY AREAS: Chemical/Bio Defense

OBJECTIVE: Develop modular vector constructs and/or engineer metabolic pathways and metabolons capable of
enhanced protein production of high value proteins in highly stable transduced cell lines.

DESCRIPTION: The production of proteins at large-scale and low cost has enormous strategic implications which
have been identified in detail by the Army’s Biotechnology Integrated Products Team and studies by the Office of
Net Assessment and the National Research Council. Examples include biopolymers for lightweight materials,
therapeutic drugs and prophylactic vaccines, and alternative energy production such as ethanol and methanol. All
biomanufacturing processes have in common the need to introduce a gene or genes, using a carrier called a vector,
into the producing cell line, optimally with great efficiency and stability. The major issues in biomanufacturing are
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instability of the transduced cell line and low product yields, which results in a manufacturing process that is not
economically viable. In some cases, the product is toxic to the host cell and the latter dies. In others, the inserted
gene(s) is not stable hence not passed on to daughter cells. Most current vector constructs are inefficient and
engineered metabolic pathways do not account for spatial organization, thus hindering protein production. The
proposed vector system should be modular to accommodate a variety of genes, gene inhibitory sequences, promoters
and secondary genes. Secondary genes, which include anti-apoptotic, growth promoting and drug resistant genes,
are inserted to increase production yields. Transduction should result in the creation of a stable cell line whereby the
vector construct is stably integrated into the host cell at high copy numbers. In addition, engineering metabolic
pathways with consideration for spatial organization and construction of metabolons is also a major issue in
optimizing yields.

PHASE I: (Feasibility Study) Identify a vector system and demonstrate stable insertion of genes at high copy
number in a host of cell line. Modularity must be demonstrated by stable insertion of a number of secondary genes.

PHASE II: (Prototype Delivery) Select a low performing cell line producing a protein of high value to the DoD.
Examples would be a hybridoma cell line producing an antibody against a list A pathogen, or a cell line producing a
therapeutic or prophylactic protein, but are not limited to these. Using different combinations of primary and
secondary genes, as well as strategies to spatially organize metabolic pathways and metabolons, demonstrate
enhanced yields of the protein as well as long-term stability of the transduced cell line. Conduct economic
assessment of the transduced verses original cell line.

PHASE Ill: The resulting Protein Manufacturing Platform could be applied to the production of any protein, but
will have its greatest strategic and economic impact on the manufacture of high value, low yield proteins.
Accordingly, it will have markets in both the pharmaceutical and biotechnology industries, in addition to the Army’s
biotechnology programs and the DoD’s Critical Reagents Program.
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A07-T024 TITLE: Aerosolization of Densified Powders Using Sublimable Solids

TECHNOLOGY AREAS: Materials/Processes
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OBJECTIVE: The main objective is to identify processes to mix solutions of sublimable materials with metal flake
powders and then dry these slurries with the dual goal of metal flake powder deagglomeration and densification for
efficient volume limited transport and subsequent aerosolization using heat and airflow or explosive or pneumatic
grenade. To measure the performance of the dried packed metal nanoflakes, the extinction coefficient will be
measured in the ECBC smoke test chamber.

DESCRIPTION: Fine pigment grade metal flake powders have relatively low bulk densities in dry form and can be
densified by dispersing them into a liquid to form slurries and then drying the slurries to reduce interparticle spacing.
However agglomeration problems arise when attempting to aerosolize densified dry powders as individual metal
flakes even if the dispersion process is effective at deagglomerating the particles in the liquid slurry. It is expected
that this difficulty can be avoided by dissolving an optimal amount of sublimable solid into a liquid and then
dispersing the fine metal flake powder into this solution. A continuous sublimable solid phase containing metal
flakes can then be produced by drying the slurry and the powder interparticle spacing will be minimized and the
flakes will be deagglomerated. The sublimable solid matrix can be directly converted to gas using heat and a
deagglomerated aerosol containing single metal flakes will be produced by a combination of heat and air turbulence.

PHASE I: Prepare 50-100 gram quantities of dried fine pigment grade metal flake in a sublimable solid matrix and
test the performance of the material developed to produce an aerosol in the ECBC smoke test chamber. The goals
would be to densify the metal flake powder and aerosolize a large fraction of that powder as single flakes little
altered with respect to their original size and shape.

PHASE II: Perform additional testing as in Phase I, scale-up the process to prepare dried slurries, increase single
metal flake aerosol fraction and reduce cost.

PHASE IlI: This technology is unique and several patents may arise from this endeavor. The military has a need for
this type of technology, which can be used in smoke generating pyrotechnics and smoke generators. Medical
applications would utilize this technology such as in aerosol powders for inhalers and to increase surface area for
improved delivery and effectiveness of medicine.
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A07-T025 TITLE: Passive Detection and Prediction of Degradation in Critical Utility Pipeline Infrastructure

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: To enable severe corrosion and degradation in critical utility pipeline systems to be economically
detected and predicted without human action or intervention, before a catastrophic failure occurs.

DESCRIPTION: The recent failures in petroleum pipelines serving Prudhoe Bay, Alaska have brought national
attention to the problem of undetected corrosion of utility piping. As evidenced by this situation, it is possible for
severe corrosion and degradation of fuel, natural gas, and water pipes to remain undetected until a catastrophic
failure occurs.

The aging critical infrastructure systems at Army installations suffer from the same corrosion problems as those in
the private sector. Failure of fuel, natural gas, or water piping can delay or otherwise impact the military mission,
and create life safety hazards for soldiers and their families. In addition, failure to take corrective action before a
critical infrastructure component has become irreparably damaged and/or environmental contamination has occurred
violates the principles of sustainability. Congress and the Department of Defense have recognized that corrosion has
a detrimental impact on military readiness and have instituted a DoD-level Corrosion Prevention and Control
Program to help address it (PL 107-314, Section 1067; DoD Policy Memorandum 2003).
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Pipe inspections using existing technology (“smart pigs”, ultrasound, acoustic emission, etc.) require funding and
human action each time an inspection is to be executed. Severe budget cuts have made the funding and staffing of
such inspections nearly impossible. Furthermore, the inspection provides one-time results and cannot accurately
predict when a pipe will actually fail. Thus, accurate planning for critical Army infrastructure rehabilitation or
replacement is nearly impossible given the current technology and budgetary limitations.

It is believed that recent advances in sensor technology (including nanotechnology), secure wireless networking, and
analytic techniques such as neural networks can be brought together to feasibly and economically solve this problem
(Carnegie Mellon University 2006; Mounce and Machell 2006; Olariu et al. 2004).

PHASE I: Develop an economical corrosion detection and prediction system that is designed for permanent
installation in a fuel or water piping network. The system should continuously monitor the pipeline for corrosion
damage, without requiring human action or intervention. Secure wireless solutions are encouraged. The system
should then be able to accurately and reliably predict when a pipe failure is expected so that repair and replacement
programs can be developed in a timely fashion. Phase | work should focus on proof-of-concept.

PHASE II: Develop a field-deployable prototype corrosion detection and prediction system based upon the
findings of Phase I. Demonstrate and validate the system on a critical fuel or water network at an Army installation.

PHASE III: In addition to DoD installations, this system could be used by petroleum exploration, transmission, &
distribution companies (such as British Petroleum [BP], the owner of the leaking Alaskan pipeline). It could also be
used by a public and private utilities involved in water and/or natural gas transmission and distribution.
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A07-T026 TITLE: Statistical Mobility Prediction for Small Unmanned Ground Vehicles

TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: To develop innovative methods and software for quickly and robustly predicting the ability of small
robotic unmanned ground vehicles (UGVSs) to successfully surmount obstacles in challenging environments. The
method will employ physical models of vehicle multibody dynamics and vehicle-terrain interaction in a novel,
efficient statistical simulation framework to yield an accurate assessment of UGV mobility in both cross-country and
urban scenarios, despite uncertainty in terrain physical properties. The software tool to be developed will allow
small UGVs to accurately and autonomously predict their mobility over a wide range of conditions, a capability
which is critical to Future Combat Systems (FCS) robotics missions.
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DESCRIPTION: The Army has devoted significant resources to understanding and predicting the mobility of
military vehicles in natural terrain. Research and field testing at the USA Engineer Research and Development
Center (ERDC) over the past 50 years has led to development of various mobility prediction methodologies
including the NATO Reference Mobility Model (NRMM), NRMM 11, and others [1-3]. These are physics-based
numerical algorithms for predicting cross-country vehicle movement at length scales of several meters to several
kilometers. These methods were developed for vehicles of 500 kg and larger and have been proven to be accurate
over a wide range of conditions.

Future Army operations under the FCS paradigm will employ small (i.e. sub-500 kg) autonomous or semi-
autonomous UGVs in both cross-country and urban environments. A fundamental requirement of these UGVs is to
quickly and robustly predict their ability to successfully negotiate terrain regions and surmount obstacles. The
obstacles may be natural or man-made, and may be positive or negative (i.e. projecting above or below the nominal
ground plane). This mobility prediction capability is critical to successful deployment of UGVs that can operate
effectively in challenging terrain with minimal or no human supervision.

Efforts are currently underway to extend “classical” NRMM methodologies to small UGV platforms, with
promising results [4]. However, these efforts assume accurate knowledge of vehicle-terrain interaction properties,
gathered from terrain measurement devices such as cone penetrometers. In field conditions, UGVs will often only
have access to sparse and uncertain terrain condition estimates. Therefore, development of a method for robustly
predicting UGV mobility despite uncertainty in terrain conditions is desired.

There exists a wide body of literature on statistical simulation for estimating output probability distributions of
processes that are subject to uncertainty [5-6]. Such techniques could be applied to the mobility prediction problem
by modeling the distributions of unknown vehicle-terrain parameters and analyzing the performance of a physics-
based UGV model over that parameter space [7]. However, these methods can be computationally expensive if the
parameter space is high dimensional or the underlying model is nonlinear and/or possesses many degrees of
freedom. A central research question to be addressed in this topic lies in developing innovative, efficient methods
for statistical model-based mobility prediction despite high dimensional parameter spaces and complex vehicle
models.

The proposed effort is critical to the development of autonomous UGVs that will operate reliably in challenging
environments. Successful development of a real-time mobility prediction capability would result in increased
survivability, reliability and mission effectiveness in all terrain conditions during both autonomous and semi-
autonomous UGV operation.

PHASE I: Work in Phase | would involve investigation and feasibility demonstration of a method(s) for robust
statistical mobility prediction for small UGVs. In addition to identifying promising computational techniques, this
would involve identifying relevant vehicle-terrain interaction parameters and developing models for their
distributions, and identifying appropriate levels of complexity of physics-based vehicle models. Another component
of Phase | research would involve initial development of a mobility prediction/visualization tool of an Army-
relevant UGV operating in cross-country or urban terrain. The result of Phase | will be a proof-of-concept
simulation demonstration of a mobility prediction algorithm operating on an Army-relevant system. An example
might be prediction of a small (i.e. 100 kg-class) UGV surmounting gaps of varying width.

PHASE II: Phase Il would focus on improving the computational efficiency of the statistical mobility prediction
algorithm developed in Phase I. Methods for efficient sampling of parameter distributions would be investigated.
Work would also focus on development of an integrated mobility prediction/visualization software tool for a
relevant Army platform. The platform may be wheeled or tracked and would be selected in coordination with Army
personnel. The software would analyze synthetic sensor data (i.e. laser-based, vision, etc.) to extract information
about a simulated terrain region, and use the statistical mobility prediction method to efficiently predict obstacle
traversability in both cross-country and urban scenarios.

PHASE IIl: Work in Phase Il would focus on collaborating with Army personnel to transition the mobility
prediction software to an Army-relevant UGV platform for operational testing. The mobility prediction software
would be integrated with on-board UGV sensors and an accurate physics-based model of the UGV platform. The
software would be tested in a variety of scenarios in various environmental conditions to evaluate its accuracy and
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robustness. Successful commercialization will require development of a Joint Architecture for Unmanned Systems
(JAUS)-compatible “plug-and-play” vehicle/sensor modeling method.

The proposed software could also be applied to civilian mobile robotics applications that require robust terrain
analysis, navigation, and mobility prediction. These include hazardous site inspection/clean up, search and rescue,
and tasks in the forestry and mining industries.
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A07-T027 TITLE: Terrain Analysis from Unmanned Ground Vehicle Sensors

TECHNOLOGY AREAS: Ground/Sea Vehicles

OBJECTIVE: To develop innovative methods and software for analyzing data from sensors present on unmanned
ground vehicles (UGVs) to estimate physical properties of local terrain. Creative approaches to terrain
characterization are required that exploit both range sensor data and proprioceptive sensor data. The software tool to
be developed will allow UGVs to accurately and autonomously assess the physical nature of the surrounding terrain,
which will lead to significant improvement in navigation and mobility prediction capabilities.

DESCRIPTION: The Army Future Combat Systems (FCS) initiative relies heavily on UGVs to perform a variety of
autonomous and semi-autonomous tasks [1]. These tasks will require armed and unarmed UGVs to travel through
diverse environments, including cross-country and urban terrain. A key enabling element of UGV mobility is
terrain perception, and several Department of Defense (DoD) research programs have focused on robust multi-
sensor terrain perception, including the Army DEMO Il program and the DARPA PerceptOr program [2-4].
Robust terrain perception will allow a UGV to reason about the elevation, composition, and physical properties of
local terrain, and thereby perform accurate mobility prediction.

The vast majority of previous work in autonomous terrain perception has focused on processing of data from range
sensors that are mounted on board the UGV. These include stereo vision systems, laser-based range sensors, radar,
and other modalities [3,5]. A fundamental limitation of these approaches is that they provide information about the
terrain surface layer, which may not be the load bearing layer. In addition, it is difficult to infer terrain physical
properties related to deformability and motion resistance from range sensor data. Recent research has proposed
techniques for classifying terrain via proprioceptive sensor data arising from physical vehicle-terrain interaction [6].
Such approaches promise to yield information about physical terrain properties, and thus are likely to be a useful
complement to approaches that exploit data from range sensors.

The goal of this effort is to develop methods and software for terrain analysis that exploit both range sensor data and
proprioceptive sensor data in a unified framework, and thereby provide estimates of the physical properties of local
terrain that can be used to improve mobility prediction. Here “range sensor” refers to on-board UGV sensors that
detect features located in the local environment (i.e. 1m - 100m range) of the vehicle. Such sensors include
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monocular and stereo vision systems, LIDAR sensors, RADAR sensors, and others. “Proprioceptive sensor” refers
to on-board UGV sensors that detect features related to motion of the vehicle. Such sensors include wheel position,
velocity and torque sensors, suspension displacement sensors, chassis vibration sensors, accelerometers, rate
gyroscopes, and others. A baseline sensor suite has not been defined for this effort, and proposers are encouraged to
consider creative sensing modalities that could yield novel and useful data products for mobility prediction.

The methods and software developed in this work would yield estimates of the physical properties of local terrain
that would be used for accurate mobility prediction. These estimates may be in the form of physical parameter
estimates (i.e. estimates of soil cohesion, internal friction angle, cone index value, etc.), and/or a novel metric(s)
related to vehicle mobility. Proposed approaches should explicitly describe how their resulting data products would
be used for UGV mobility prediction. Practical issues related to computational efficiency and sensitivity to
environmental conditions should be addressed in this work. Software developed as a product of this work should
quickly, accurately and autonomously assess the physical nature of the terrain surrounding an Army-relevant UGV
platform.

PHASE I: Work in Phase | would involve investigation and identification of methods for terrain analysis that exploit
both range sensors and proprioceptive sensors in a unified framework. Candidate methods and techniques could be
drawn from the domains of pattern classification, signal processing, parameter estimation, and data fusion. Novel
analysis methods in any of these domains are encouraged. An analysis of algorithm sensitivity/error modes is also
required. Other work in Phase | would outline a pathway for using the proposed data products for UGV mobility
prediction. The result of Phase | will be a proof-of-concept demonstration of the terrain analysis method operating
on data gathered from either an experimental UGV testbed (or mockup) in outdoor conditions, or a high-fidelity
simulation environment.

PHASE II: In Phase Il a robust, real-time implementation of the terrain analysis method would be implemented on a
UGV testbed operating in harsh, real-world conditions. The testbed can be a small COTS platform or 