ARMY
STTR 11.A PROPOSAL SUBMISSION INSTRUCTIONS

The United States Army Research Office (ARO) manages the Army’s Small Business Technology
Transfer (STTR) Program. The following pages list approved topics for the fiscal year 2011 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 one or two STTR Phase I 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 this solicitation and the availability of the Army STTR funds. 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 I contracts are limited to a maximum of $100,000 over a period not to exceed six
months.

PROPOSAL SUBMISSION

The Army requires your entire proposal to be submitted electronically through the DoD-wide SBIR/STTR
Proposal Submission Web site (http://www.dodsbir.net/submission). A hardcopy is NOT required and
will not be accepted. Hand or electronic signature on the proposal is also NOT required. In this
solicitation, Army has established a 20-page limitation for proposals submitted in response to their topics.
The DoD SBIR/STTR Proposal Submission system (available at http://www.dodsbir.net/submission)
provides instruction and tutorial for preparation and submission of your proposal. Refer to section 3.0 at
the front of this solicitation for detailed instructions on Phase I 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.

USE OF NON-GOVERNMENT ADVISORS

Offerors are advised that technical and cost/price data submitted to the government in response to topic
“Specific Epigenetic Molecules Involved in Wound Healing and Repair” (A11a-T@30) may be released
to non-government advisors for review and analysis. The non-government advisors will provide
comments and recommendations to the Government decision makers. The non-government advisor
support will not establish final assessments of rank, rate or selection of Offerors' proposals. All advisors
shall comply with procurement integrity laws and shall sign Non-Disclosure and Rules of
Conduct/Conflict of Interest Statements. The Government shall take into consideration requirements for
avoiding conflicts of interest and ensure advisors comply with safeguarding source selection and
proprietary data. Submission of a proposal in response to the STTR 11.A solicitation constitutes approval
to release the proposal to Government Support Contractors for the purposes stated above.

The non-government advisor support will be provided for the aforementioned topic only by:
(1) Tunnell Government Services, Inc.
6701 Democracy Boulevard
Suite 515
Bethesda, MD 20817
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FUNDAMENTAL RESEARCH AND PUBLIC RELEASE OF AWARD INFORMATION

If you collaborate with a university, please highlight the research done by the university and verify that
the work is Fundamental Research, which is basic and applied research ordinarily published and shared
broadly within the scientific community.

If your proposal is selected for award, the technical abstract and discussion of anticipated benefits will be
publicly released via 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 website
contains data on all past DoD SBIR/STTR Phase I and II awards. This information can be viewed on the
DoD SBIR/STTR Awards Search Website at www.dodsbir.net/awards.

PHASE || AND FUNDING INFORMATION

Based upon progress achieved under a Phase I contract, utilizing the criteria in DoD solicitation preface
Section 4.3, “Evaluation Criteria Phase II” a firm may be invited to submit a Phase II proposal (however,
Fast Track Phase II proposals do not require an invitation — see Section 4.5 of this solicitation). Phase II
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
IT effort should generally not exceed $750,000. Contract structure for the Phase II contract is at the
discretion of the Army’s Contracting Officer after negotiations with the small business.

Unlike SBIR, the Army does not issue interim or option funding between STTR Phase I and II efforts.
However, the Army will provide accelerated Phase 11 proposal evaluation and contracting for projects that
are submitted under the Fast Track Program. Army STTR Contracts may be fully funded or funded using
incremental funding.

CONTRACTOR MANPOWER REPORTING (CMR)

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 appliesto 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 T ($100,000 max) and Phase II ($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 Army 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:
https://contractormanpower.army.pentagon.mil/.
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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 subcontractors);
(6)  Estimated direct labor dollars paid this reporting period (including subcontractors);
(7)  Total payments (including subcontractors);

(8)  Predominant Federal Service Code (FSC) reflecting services provided by contractor
(and separate predominate FSC for each subcontractor 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 subcontractors 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 subcontractor 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 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,
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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 relatively small size and duration of STTR contracts, and small size of performing
companies, 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 be included in overhead rates.
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Deep ultraviolet laser for Raman spectroscopy

Interactive Acoustic Simulation in Urban and Complex Environments
Compressive Imaging with Dynamically Programmable Processing Capabilities
High Speed Room Temperature Single Photon Counters

Compact, Rugged, and Low-Cost Wavelength-Versatile Burst Laser
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Specific Epigenetic Molecules Involved in Wound Healing and Repair
Development of Diffusion Tensor Imaging (DTI) Phantoms to Enhance the Diagnosis of
Moderate Traumatic Brain Injury (TBI)

Advanced Autonomy and Operator Interfaces for Complex Robotic Systems
Terrain-Dependent Driving Control for Medical Robots and Mobility Assist Devices
Cell Culture Approaches to Generating Brown Adipose Tissue for Autologous
Transplantation
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Army STTR 11.A Topic Descriptions

Al1a-T001 TITLE: Low-Cost Chaos Radar

TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: Nonlinear chaotic oscillators have been suggested as efficient sources for generating wide-bandwidth
waveforms for new class of low-cost radar systems [1]. The broadband and nonrepeating nature of chaos provides
an ideal combination of high range resolution and no range ambiguity, and chaotic waveforms are easily generated
using extraordinarily simple and inexpensive electronic circuits. However, the development of a low-cost chaotic
radar has been delayed by the lack of a practical coherent receiver. Recently, a new class of chaotic oscillators was
discovered that admits a simple matched filter, thereby providing a coherent receiver for chaotic waveforms [2].
This unexpected development should now enable practical realization of a low-cost, ultra-wideband chaos radar.
The objective of this project is the maturation of low-cost, chaos-based radar technology to enable test and
evaluation for military and commercial applications.

DESCRIPTION: The recent discovery of a matched filter for a nonlinear chaotic oscillator enables a practical
realization of a low-cost, ultra-wideband radar system using chaotic waveforms. This discovery followed the
recognition of a new class of exactly solvable chaotic oscillators, for which an analytic solution can be written as a
linear convolution of a fixed basis function and discrete symbols [3]. The existence of a chaotic attractor constructed
in this way by linear superposition is especially surprising, since it seems to defy the nonlinear character essential to
chaotic systems [4]. However, it is precisely the linear nature of these special waveforms that enables the
construction of a simple matched filter and coherent receiver. To capitalize on this discovery, it is sought to develop
and test a practical wideband radar system using chaotic waveforms. Such an innovative radar system will include
an exactly solvable chaotic oscillator circuit and corresponding matched filter operating at radio frequency. The
practical realization of such an electronic oscillator is a significant challenge, since implementations thus far have
been limited to audio frequency. A key limitation is the hybrid nature of these oscillators, which require fast
switching compared to the natural time scale of the chaotic oscillations. Other issues include oscillator bandwidth,
waveform transmission, channel compensation, and output power. The primary intent of this solicitation is to
stimulate development of a new low-cost ultra-wideband radar technology that will expand the application envelope
for active sensors. As such, the solicitation is not limited to a particular application or performance specification.

PHASE I: Conduct a design study with detailed model development for each component of a coherent chaos radar
system employing a matched filter receiver. Prototype oscillators and matched filters will be constructed, and testing
will identify a preferred design. Consideration will be given to cost and reliability in component designs, as well as
to the oscillator bandwidth and waveform shape.

PHASE II: Finalize a chaos radar system design and fabricate a working brass-board system for proof-of-concept
testing in a controlled environment. Performance metrics will be compared to conventional radar capabilities and
advantages noted. Preliminary field tests can establish design practicality and performance metrics. Potential
military and commercial applications will be identified and targeted for Phase III exploitation and
commercialization.

PHASE III DUAL USE APPLICATIONS: The achievement of a low-cost ultra-wideband radar technology offers
potential benefits for both military and civilian applications. Particular military applications include, for example, a
precise active fuze for a missile seeker or advanced munitions. Commercial applications could include automotive
radar for vehicle following sensors.

REFERENCES:
[1] V. Venkatasubramanian and H. Leung, “A Novel Chaos-Based High-Resolution Imaging Technique and Its
Application to Through-the-Wall Imaging,” IEEE Signal Proc. Lett., vol. 12(7), pp. 528-531 (2005).

[2] N. J. Corron, J. N. Blakely, and M. T. Stahl, “A Matched Filter for Chaos,” Chaos, vol. 20(2), art. 023123
(2010).

ARMY -6



[3] N.J. Corron, “An Exactly Solvable Chaotic Differential Equation,” Dynamics of Continuous, Discrete and
Impulsive Systems A, vol. 16(6), pp. 777-788 (2009).

[4] S. T. Hayes, “Chaos from linear systems: implications for communicating with chaos, and the nature of
determinism and randomness,” J. Phys. Conf. Series, vol. 23, pp. 215-237 (2005).

KEYWORDS: chaos, nonlinear dynamics, radar, matched filter, symbolic dynamics

TPOC: Dr. Jonathan Blakely

Phone: (256) 876-3495

Fax: (256) 842-2507

Email: jonathan.blakely@us.army.mil

2nd TPOC: Dr. Ned Corron

Phone: (256) 876-1860

Fax: (256) 842-2507

Email: ned.corron@us.army.mil

Al11a-T002 TITLE: Matched Filter Chaos Communications

TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: In 1993, a landmark paper by Scott Hayes showed that information could be efficiently coded in the
natural complexity of chaos, thereby providing a framework for high-bandwidth communications using nonlinear
waveforms [1]. This seminal work triggered a flood of theoretical and experimental research on chaos
communications, but its promise was left largely unfulfilled due to the lack of a receiver to match the elegance of the
Hayes encoding [2]. Recently, a new class of chaotic oscillators was discovered that admits a simple matched filter,
thereby providing a coherent receiver for chaos communications [3]. This unexpected development finally enables
chaos communications to favorably compare with conventional approaches, and the oft-cited benefits of chaos
communication can now be exploited [4]. The objective of this project is the maturation of chaos-based spread-
spectrum technology to enable test and evaluation for tactical radio-frequency battlefield communications.

DESCRIPTION: The recent discovery of a matched filter for a nonlinear, chaotic oscillator brings within reach the
much anticipated realization of high-bandwidth data communications using wideband, chaotic waveforms. This
unexpected discovery followed the recognition of a new class of exactly solvable chaotic oscillators, for which an
analytic solution can be written as a linear convolution of a fixed basis function and a symbolic dynamics [5]. The
existence of a chaotic attractor constructed by linear superposition is especially surprising, since it seems to defy the
nonlinear character essential to chaotic systems [6]. However, it is precisely the linear nature of these special
waveforms that enables their treatment as a communication waveform, including the construction of a simple
matched filter and coherent receiver. To capitalize on this discovery, it is sought to develop and test a practical,
radio-frequency chaos communication system incorporating a matched filter. Such an innovative communications
system will include an exactly solvable chaotic oscillator circuit and corresponding matched filter operating at radio
frequency. The practical realization of such an electronic oscillator is a significant challenge, since implementations
thus far have been limited to audio frequency. A key problem is the hybrid nature of these oscillators, which require
fast switching compared to the natural time scale of the chaotic oscillations. Other issues include solving receiver
phase-lock timing issues and implementing a high-speed controller for encoding data in the symbolic dynamics of
the chaotic oscillator. The primary intent of this solicitation is to stimulate development of a new chaos
communications technology that can favorably compare to conventional communications for a variety of
applications. As such, the solicitation is not limited to a specific application or performance specification.

PHASE I: Conduct a design study with detailed model development for each component of a coherent chaos
communication system employing a matched filter. Prototype oscillators will be constructed, and testing will
identify a preferred design. Consideration will be given to cost and reliability in component designs, as well as to the
controllability of the oscillator for encoding information in its symbolic dynamics.
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PHASE II: Finalize a chaos communication system design and fabricate a working brass-board system for proof-of-
concept testing in a controlled environment. Performance metrics will be compared to conventional communication
systems. Preliminary field tests can establish design practicality and performance metrics. Potential military and
commercial applications will be identified and targeted for Phase III exploitation and commercialization.

PHASE III DUAL USE APPLICATIONS: The achievement of a broadband chaos communications technology
incorporating a coherent, matched filter receiver enables development of very low cost spread-spectrum
communication and ultra-wideband radar devices. This technology offers potential benefits across a wide swath of
communications and sensor networks for both military and civilian applications.

REFERENCES:
[1] S. Hayes, C. Grebogi, and E. Ott, “Communicating with chaos,” Phys. Rev. Lett., vol. 70, pp. 3031-3034 (1993).

[2] E. M. Bollt, “Review of chaos communication by feedback control of symbolic dynamics,” Int. J. Bifurcations
Chaos, vol. 13, pp. 269-285 (2003).

[3] N. J. Corron, J. N. Blakely, and M. T. Stahl, “A Matched Filter for Chaos,” Chaos, vol. 20(2), art. 023123
(2010).

[4] S. Hayes and C. Grebogi, “Using controlled chaos for digital signaling: A physical principle for 1-stage
waveform synthesis,” IEEE MTT-S, vol. 3, pp. 1879-1882 (1996).

[5] N.J. Corron, “An Exactly Solvable Chaotic Differential Equation,” Dynamics of Continuous, Discrete and
Impulsive Systems A, vol. 16(6), pp. 777-788 (2009).

[6] S. T. Hayes, “Chaos from linear systems: implications for communicating with chaos, and the nature of
determinism and randomness,” J. Phys. Conf. Series, vol. 23, pp. 215-237 (2005).

KEYWORDS: chaos, nonlinear dynamics, communications, matched filter, symbolic dynamics
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Al11a-T003 TITLE: Conducting Stress-Strain Analysis by Remote Sensing

TECHNOLOGY AREAS: Materials/Processes, Sensors

OBJECTIVE: Integrate wireless technology with conventional stress/strain gages and deploy on systems as part of
a conditions-based maintenance program.

DESCRIPTION: Many critical structural components on aviation and missile systems require non-destructive
testing (NDT) (1) to ensure the integrity of the item. Landing gear, wing spars, gear cases and other similar
components can experience material yield and microstructural cracking before catastrophic failure. These NDT
technologies are most effective at detecting flaws after failure has begun. Although the material has not yet
catastrophically failed, cracks and disbonds are indicative of movement into or near the the plastic zone of the stress-
strain curve (2). These techniques are useful for detecting the initiation of failure and most techniques such as
magnetic particle inspection, ultrasonic inspection and penetrant inspection also require extensive preparation such
as system disassembly to access components and surface preparation such as stripping of paints and coatings. This
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can be labor intensive and may make the system unusable during the inspection process. Strain gages (3) can be
used as a supplement to traditional NDT methods by assisting the maintenance community with data on the
mechanical properties of the component in question. Strain gages can prevent unneeded inspections by provided
data indicating the component is within the safe operating envelope (elastic zone) or can indicate a problem if the
component has reached the yield point and has entered the plastic zone. These small passive devices are commonly
used in laboratory environments to determine mechanical properties of materials. Although many laboratory
stress/strain tests require an extensive test setup, the strain gage itself requires only voltage in and voltage out for
measurements. These strain gages can very accurately detect the yield point of a structural component and can
detect the transition from the elastic zone to the plastic zone in cyclic loaded component and can also predict the
failure point well before the occurrence of catastrophic failure. A carefully selected strain gage can be semi-
permanent attached to a critical component and can be a useful tool in determining the condition of the part.

The rapid development and progression of wireless technology has proven itself to be useful for continuous
monitoring of a variety of parameters. The Army routinely measures environmental parameters such as temperature
and humidity using wireless technology which can be accessed at anytime via web-based applications (4).
Emerging wi-fi technology such as the iPhone can cheaply and effortlessly access data from any wi-fi access point.
This technology can be easily adapted to graphically display recorded data including stress and strain on an
unlimited number of structural components. By integrating existing wireless systems with commercial-off-the-shelf
strain gages, the DoD can position itself to continuously monitor and evaluate the condition of critical components.
This technology can prove to be a proactive indicator of the condition of a component resulting in increased
reliability, lower maintenance and operating costs, a predictive failure mechanism and fewer material failures in the
field.

PHASE I: This phase will examine cracks and loose fasteners on the UH-60L airframe. Five areas on the airframe
shall be targeted for implementing this technology. Information as to the most recent cracks and loose fasteners for
this airframe can be found in UH-60 AIRFRAME CONDITION EVALUATION (ACE) TECHNICAL REVIEW
2009, 17 FEBRUARY 2010 (5). The target areas are located per the standard airframe location terminology. The
Flight Station (FS) is measured from the most forward portion of the airframe (beginning with FS 162) and is
measured in inches, the Butt Line (BL) is measured left and right of the centerline of the airframe and the Water
Line (WL) is measured from the static ground line (beginning with WL 182) where the main landing gear makes
contact with the ground.

The following lists the target area with the location:

Transmission Support Beam, FS 343, BL 16.5 (Right and Left), WL 269
FS 308 Frame, FS 308, BL 34.5 (Right and Left), WL 260

BL 34.5 Beams, FS 368 (Right) and FS 308 (left), BL 34.5, WL 260
Beaded Panels, FS 295-308, BL 45 (Right), WL 224-250

FS 485 Frame, FS 485, BL 13 (Left), WL 250

SNk W=

Stress/strain gages will be properly selected for use in analyzing these select areas. A determination of the best
methodology for attachment of the gage for a long-term (~1 year) period will be conducted. Commercial off-the-
shelf portable strain meters will be used to record and monitor data and will be selected based on their repeatability
and reproducibility of both field use and laboratory use. Wireless devices will also be selected that can imitate and
duplicate the input and output of the strain meters. Appropriate software changes may be required of the wireless
device to repeat and reproduce the input/output of the strain meter. The developed model will be validated in a
laboratory environment. The investigation of wireless devices will include wireless routing devices for a web-based
application, portable display devices and ad hoc (6) networking systems.

PHASE II: This phase will provide a minimum of two prototype systems. Deliverable will include prototype
systems consisting of stress-strain gages, wireless data storage devices, software and hardware that can receive,
display and store transmitted data. One system will be deployed for field use and will be used to record the data
from strain gages attached to components selected in Phase I. The other system will be tested in an Army laboratory
to verify and validate the technology. An investigation will also be conducted with missile and aviation project
offices into how this developed technology can interface with existing or future Health Monitoring Systems. This
phase will also investigate and determine any air-worthiness requirements or electromagnetic interference issues for
wi-fi devices installed on the select weapons systems.
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PHASE III DUAL USE APPLICATIONS: This phase will result in fieldable systems that can be installed on
aviation and missile assets that comply with all air-worthiness/EMI requirements for aviation and/or missile systems
and can be integrated with current and future Health and Usage Monitoring Systems. The system shall be capable of
detecting stress/strain and fatigue that are within the materials design performance envelope and shall aid in
predicting the useable service life prior to catastrophic failure. The system shall aid the aviation and missile
community with sufficient data to predict the service life based on the condition of the asset and shall aid in
reducing the time and effort required for a non-destructive inspection of the component.

The end-state of this STTR would be a user friendly and reliable application designed for maintainers to determine
the condition of their equipment and to prevent catastrophic failure of critical warfighting resources. The final
product is foreseen to be usable in a military and commercial application.

REFERENCES:

[1]  http://www.ndt-ed.org/EducationResources/CommunityCollege/communitycollege.htm, accessed 18 August

2010

[2] Awvallone, E. A. and Baumeister, III, T, Marks’ Standard Handbook for Mechanical Engineers, 10th Edition,
McGraw-Hill, 1996.

[3] http://en.wikipedia.org/wiki/Strain_gauge, accessed 18 August 2010
[4] http://www.aginova.com/index.php, accessed 18 August 2010

[5] Uh-60 Airframe Condition Evaluation (ACE) Technical Review, 17 February 2010, Aircraft Support Branch,
Maintenance Engineering Division, Aviation Engineering Directorate, Army Aviation and Missile Command

[6] http://en.wikipedia.org/wiki/Wireless_ad hoc network, accessed 18 August 2010

KEYWORDS: Ad hoc networking, wireless sensors, strain gage, wi-fi
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Al1a-T004 TITLE: High Fidelity Obscurant Modeling for Sensor Simulations

TECHNOLOGY AREAS: Information Systems, Sensors

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: To pursue a research focused effort on the creation of second generation smoke and obscurant

computer models required for the high-fidelity digital needs of system simulations as part of the Army simulation
based acquisition strategy.
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DESCRIPTION: Under the Army simulation based acquisition strategy, computer simulations are an essential
element of system design, development, and fielding. For systems using imaging infrared guidance systems, three-
dimensional dynamic scenes are necessary to simulate a realistic environment and they must be constructed using
representative models of systems, targets, vehicles, trees, terrain, and countermeasures. The simulations using these
scenes are exercised to support performance assessment, design assessment, test planning, post test analysis, and
many other cost restrictive applications throughout a system’s lifecycle.

Obscurant countermeasures are among the most complex scene elements to model for the aforementioned scenes.
Current methodologies employ voxels, which are small cubical homogeneous elements of an obscurant cloud.
Computer codes, based on physics, describe how voxels change with time as the cloud grows, flows downwind,
cools, and disperses. The obscurant rendered in the scene by the voxels is physically realistic. Voxels have been
used routinely, reliably used for performance and design assessments, and have demonstrated the capability to
produce required results. However, the process of implementing voxels is extremely computationally intensive.

The complexity of rendering semitransparent obscurants propagated over distance and time requires massive
amounts of computational resources which are constrained by computer hardware limitations. Techniques currently
utilized by industry to represent obscurants are visually impressive, but are not applicable for missile simulation
applications because they lack necessary underlying physics.

The goal of this research focus would be to generate new methods of obscurant modeling to provide longer duration
obscurants which have faster rendering while maintaining physical fidelity. These techniques should have practical
implementation with current simulations and provide multiple ranges of complexity and speed to deliver a common
toolset that supports both high fidelity applications as well as less rigorous utilizations such as virtual trainers.

PHASE I: Demonstrate the feasibility of using the selected technique for modeling obscurants in system
simulations. The feasibility phase shall demonstrate the ability to develop a flow field in a complex scene and inject
obscurants at a known mass rate. It shall demonstrate rendered visible or infrared imagery of the obscurant as it
flows in the flow field, showing the semitransparent nature of the obscurant as it is viewed against objects or
backgrounds. The thermal behavior of the obscurant shall be shown as it rises buoyantly, and levels off as it cools,
through infrared imagery.

PHASE 1II: A prototype obscurant model shall be developed, tested, and delivered. Code shall be modular so that
the obscurant code can be separated from its stand-alone rendering code, combined with a smoke source and
transport-and-diffusion codes or data as needed, and integrated into the simulations with a minimum of changes to
the simulation codes.

Source and transport-and-diffusion parameters shall be built into the code, or obtained by linking with existing, well
established codes, and should include, but not be limited to, source flow rate and lifetime, wind variation with
height, inversion height, atmospheric stability, cloud growth, surface reflection, settling rate, and evaporation rate.

The prototype shall have the capability of determining transmittance along any line of sight through the obscurant
cloud.

The obscurant model shall be tested and demonstrated, first as a stand-alone code and then as a component of the
simulation, against voxel representations of existing smokes and obscurants.

PHASE III DUAL USE APPLICATIONS: The vision for the high-fidelity model is a platform-independent, well-
documented, user-friendly code that can be implemented easily in a dynamic three-dimensional scene. It shall
operate at visible as well as infrared wavelengths and be tied to physical and measured parameters. A multiple
scattering algorithm shall be added to the code that includes solar, sky, and ground illumination models to improve
its overall fidelity.

The models shall be updated and expanded for Hardware-In-the-Loop (HWIL) real-time simulation applications.

REFERENCES:
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[1] S.D.Ayers and S. DeSutter, Combined Obscuration Model for Battlefield-Induced Contaminants (COMBIC92)
Model Documentation, US Army Research Laboratory, White Sands, New Mexico, 1997.
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July 1983.
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Al11a-T005 TITLE: Deep ultraviolet laser for Raman spectroscopy

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

OBJECTIVE: Develop a powerful, long-lived, compact, continuous wave (cw) or quasi-cw deep ultraviolet (200-
250 nm) laser suitable for Raman spectroscopy.

DESCRIPTION: Raman spectroscopy has a long history of measuring unique molecular signatures used to
recognize various toxins and energetic materials. In many cases, the investigation of such materials is limited to
government laboratories because of safety or ITAR restrictions on the release of certain materials to the general
public. In addition, there is a growing need to scan over large areas to identify contaminants on surfaces, for which
laser power may be traded off for focus and scan speed. Ultraviolet (UV) Raman spectroscopy generates even
stronger signals than infrared Raman spectroscopy because of the combined effects of the quartic frequency
dependence of the scattering cross section and the possibility of resonance Raman that selectively excites specific
molecular functional groups. To gain the maximum enhancement and avoid obfuscating photoluminescence,
excitation in the 200-250 nm region is required. Currently, the most commonly used lasers for deep UV Raman
spectroscopy are frequency doubled Ar+ lasers (244 nm), excimer lasers (KrF 248 nm), or hollow cathode lasers
(HeAg at 224.3 nm or NeCu at 248.6 nm).[1-3] Although powerful, these lasers are not compact, portable, reliable,
or sustainable enough to be suitable for field use, so they are not of interest. Quadrupled Nd:YAG and Nd:YLF
lasers offer acceptable size, weight, power and performance, but have unacceptable wavelength profiles; 266 and
262 nm respectively.

What is needed are powerful, long-lived, narrow line (< 1 cm-1), compact cw or quasi-cw UV lasers operating in the
200-250 nm spectral region. High average power (> 1 milliwatt required, > 50 milliwatts desired), long operational
lifetime (> 10,000 hours), non-cryogenic lasers that maintain good beam quality and frequency stability over hours
of operation will be strongly favored. Promising approaches emerging from academia and industry include, but are
not limited to, frequency multiplied solid state or fiber lasers,[4-5] wide bandgap semiconductor heterostructure
emitters,[6] and multiply-ionized gas lasers.[7] If quasi-cw pulsed operation is proposed, the pulses must be long
enough that their spectral bandwidth does not interfere with the requirement to perform Raman spectroscopy of least
1 cm-1 accuracy. If cryogenic operation is proposed, the laser must use inexpensive thermoelectric coolers or
alternative coolers that do not require liquid cryogens.
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PHASE I: Design a powerful, long-lived, narrow line (< 1 cm-1), compact cw or quasi-cw deep UV laser operating
in the 200-250 nm region suitable for Raman spectroscopy. Estimate the laser power generated, the wall plug power
required, the beam quality, the operational lifetime, and the frequency stability over several hours of continuous
operation. If quasi-cw pulsed mode is proposed, specify pulse width and repetition rate. Identify the likely sources
of performance degradation and describe plans to overcome them in Phase II.

PHASE II: Construct and deliver to the Army a powerful, long-lived, narrow line (< 1 cm-1), compact cw or quasi-
cw UV laser in the 200-250 nm spectral region suitable for Raman spectroscopy. All attendant power supplies and
coolers must be included with the delivered laser system. A detailed analysis of the expected power, operational
performance degradation, beam quality stability, and frequency stability must be provided to describe the laser’s
operational envelope and confirm the likelihood of stable high average power operation (> 1 mW required, > 50
mW desired) over 10,000 hours. Estimate the unit cost and operating cost of the laser.

PHASE III DUAL USE APPLICATIONS: Commercialization of a compact deep UV laser for Raman and
resonance Raman spectroscopy will provide tremendous value to the biochemical and biomedical industries for
analysis of a wide variety of organic analytes. There is also a growing interest in analysis of inorganic analytes and
nanostructures for various large scale manufacturing processes as well as the development of innovative hybrid
materials.

REFERENCES:
[1] See, for example, http://www.coherent.com.

[2] See, for example, http://www.lumonics.com or http://www.lightmachinery.com.

[3] J.A. Piper and C.E. Webb, J. Phys. D: Appl. Phys. 6, p. 400 (1973). D.C. Gerstenberger, R. Solanki, G.J. Collins,
IEEE Journal of Quantum Electronics, QE-16, p. 820-834 (1980).

[4]J. Sakuma, Y. Asakawa, T. Imahoko, M. Obara, Opt. Lett. 29, p. 1096 (2004).

[5] A. Duebubgm, S. NcKean, A. Starodoumov, Proc. of SPIE 7195, p. 71950H-1 (2009).

[6] T.Takano, Y. Narita, A. Horiuchi, and H. Kawanishi, Appl. Phys. Lett. 84, p. 3567 (2004).
[7] J.B. Marling, IEEE J. Quantum Electronics, QE-11, p. 822 (1975).

KEYWORDS: Deep ultraviolet laser, Raman spectroscopy

TPOC: Henry Everitt

Phone: (256) 876-1623

Fax: (256) 876-4759

Email: henry.o.everitt@us.army.mil

2nd TPOC: Augustus Fountain

Phone: (410) 436-0683

Fax: (410) 612-5095

Email: augustus.w.fountain@us.army.mil

Al11a-T006 TITLE: Interactive Acoustic Simulation in Urban and Complex Environments

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: The challenge is to develop efficient acoustic simulation technologies that can work in large urban
and complex environments. They should be applicable to broad frequency ranges and also incorporate the
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environmental effects, including atmospheric refraction, ground interactions, building reflections, edge diffraction.
Furthermore, they should be useful to battlefield and security applications

DESCRIPTION: Acoustic simulation has been an active area of research for the last four decades. However, current
computational methods and tools are rather limited to very simple environments and not able to perform interactive
simulations. We need a new set of computational methods that can perform near real-time calculation of sound
fields in urban and other complex propagation environments. Multiple reflections and random scattering should be
included only to the extent that their effects are deterministically predictable; otherwise such effects should be
emulated with appropriate statistics. Reflections from absorbing and reacting (finite memory) boundaries must be
treated, including the arrival time of acoustics at a location as well as blast pressure wave propagation.

The primary challenges are in calculating sound fields efficiently for situations in which neither low- nor high-
frequency methods are appropriate (roughly in the frequency range from 50 Hz to 500 Hz in atmospheric acoustics),
or when there is some randomness in the propagation but not enough that the problem can be modeled using a
random scattering theory. Such cases occur when there are 1 to 3 reflections (or more) from objects such as
buildings as well as diffraction.

When realistic uncertainty and randomness in the propagation environment are included in the problem formulation,
however, in effect the low-frequency methods and high-frequency approximations move closer to random scattering.
We need better methods to handle such cases and also take into account atmospheric and terrain interactions.
Furthermore, it would be useful to run these methods on current desktop and laptop systems, and utilize the
capabilities of current hardware in terms of multi-core Central Processing Units (CPUs) and many-core Graphics
Processing Unites (GPUs).

PHASE I: This portion of the effort will consist of identifying robust and mathematically consistent computational
approaches to perform near real-time calculation of sound fields in urban and other complex propagation
environments. Next identifying necessary computational environment and scalable software approaches for
implementing the algorithms on current desktop and laptop systems, and utilize the capabilities of current hardware
in terms of multi-core CPUs and many-core GPUs

PHASE II: Using the results from Phase I, the effort will be to build robust, scalable software and interface to handle
acoustic simulation technologies that can work in large urban and complex environments. They should be applicable
to broad frequency ranges and also incorporate the environmental effects. Technical and user documentation will be
developed at this time.

PHASE III DUAL USE APPLICATIONS: Computer-aided acoustic modeling tools are important for design and
simulation of three-dimensional indoor or outdoor environments. For instance, an architect might use such a tool to
evaluate the acoustic properties of a proposed auditorium design. Or, a factory designer might be able to predict the
sound levels of any machine at any position on a factory floor. Acoustic modeling can also be used to provide sound
cues to aid understanding, navigation, and communication in interactive virtual environment applications for Army
training and combat simulations, particularly if acoustical simulations can be updated at interactive rates.

REFERENCES:
[1] P. Svensson and R. Kristiansen. Computational modeling and simulation of acoustic spaces. In 22nd
International Conference: Virtual, Synthetic, and Entertainment Audio, June 2002.

[2] M. J. Crocker. Handbook of Acoustics. Wiley-IEEE, 1998

[3] A. Chandak, C. Lauterbach, Z. Ren, M. Taylor and D. Manocha, “Interactive Sound Propagation in Complex
Environments using AD-FRUSTA”, IEEE Trans. on Visualization and Computer Graphics, 2008

[4] N. Raghuvanshi and M. Lin, “Interactive Sound Synthesis for Large Scale Environments”, Proc. Of ACM
Symposium on Interactive 3D Graphics 2006.

KEYWORDS: real-time acoustic simulation, complex environments, sound propagation, scalable software,
mathematical algorithms, multi-core CPUs, many-core GPUs
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Al11a-T007 TITLE: Compressive Imaging with Dynamically Programmable Processing Capabilities

TECHNOLOGY AREAS: Information Systems, Sensors

OBIJECTIVE: To develop and demonstrate a portable, multi-band, compressive-imaging sensor that is dynamically
programmable to support adaptive data acquisition for improving object detection and classification.

DESCRIPTION: Recent research in compressive sensing has laid a theoretical foundation for a new concept of
sensor development. The promise of compressive sensing is that fewer measurements than the total number of image
pixels are required in order to fully recover all the pixels describing a scene, which leads to simpler hardware design
and lower sensor costs [1-3, 5]. To fully take advantage of compressing sensing for improving the performance of
object detection and classification, the sensing system should consist of a dynamically programmable processing
element that can perform target detection and classification directly from the compressive measurements [4]. Based
on a prediction of the detection/classification results given the current viewpoint of the target, the processing
element will be able to suggest platform navigation actions that improve on the detection/classification results.

This effort seeks the development and demonstration of a portable, multi-band, dynamically programmable,
compressive-imaging sensor for adaptive data acquisition and improved object detection and classification.
Bandwidth consumption and communication connectivity of the proposed system shall be minimized. The sensor
imaging system shall operate over a broad portion of the electromagnetic spectrum particularly including the
infrared region.

The sensor shall include a processing element that:

is dynamically programmable so that data acquisition will be adaptive to sensing requirements,
performs object detection and classification directly from raw sensor data (the compressed data) [3-4],
outputs both compressed imaging data and standard image formats,

incorporates on board IMU data and GPS information when available for precise localization,

and takes appropriate navigation actions to improve detection and classification results.

M

PHASE I: Complete preliminary design and demonstrate the feasibility of a dual-band compressive sensing imager.
The full sensor system design shall be completed. Analytical algorithms and flow diagrams for dynamically
programmable processing shall be designed, documented, and validated at the component level. Potential issues and
challenges of further development shall be explicitly identified.

PHASE II: Develop and demonstrate a prototype of a multi-band, dynamically programmable, compressive-imaging
sensor for adaptive data acquisition and improved object detection and classification. The design shall minimize
size, weight, and power to ensure a growth path to portability.

The sensor imaging and processing system shall:

1. image effectively in at least five spectral bands from ultraviolet (0.2 fYm) to short wavelength infrared (~3 fYm),
2. create a minimum of 2 megapixel image,

3. demonstrate at least a 90% reduction in bandwidth requirements with raw sensor data versus standard image
formats, and

4. demonstrate automated object detection and classification of objects (of offerer's choice) from a representative
urban operation using the sensors raw imaging data.

PHASE III DUAL USE APPLICATIONS: Refine hardware and algorithmic design to improve performance and
robustness for practical operation scenarios. Effort may focus on further developing the capability for transition to
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military programs in C4ISR through defense laboratories (such as the National Geospatial-Intelligence Agency, the
Army Research Laboratory) and/or to commercial defense companies such as FLIR Systems or L-3
Communications. Commercial applications include border patrol, homeland security, and area monitoring.

REFERENCES:
[1] Baraniuk, R.G., E. Candes, M. Elad, and Y. Ma, Applications of Sparse Representation and Compressive
Sensing, Proc. IEEE, Vol. 98, No. 6, pp. 906-909, 2010.

[2] Candes, E.J. and M.B. Wakin, An Introduction to Compressive Sampling, IEEE Signal Processing Magazine,
Vol. 25, No. 2, pp. 21-30, 2008.

[3] Davenport, M.A., P.T. Boufounos, M.B. Wakin, and R.G. Baraniuk, Signal Processing With Compressive
Measurements, IEEE Journal of Selected Topics in Signal Processing, Vol. 4, No. 2, pp. 445-460, 2010.

[4] Davenport, M.A., M. F. Duarte, M. B. Wakin, J. N. Laska, D. Takhar, K. F. Kelly, and R. G. Baraniuk, The
smashed filter for compressive classification and target recognition, Proc. IS&T/SPIE Symp. on Elec. Imaging:
Comp. Imaging, 2007.

[5] Donoho, D.L., Compressed sensing, IEEE Trans. Info. Theory, Vol. 52, No. 4, pp. 1289-1306, Sept. 2006.
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Al11a-T008 TITLE: High Speed Room Temperature Single Photon Counters

TECHNOLOGY AREAS: Information Systems, Sensors

OBJECTIVE: Design and development of innovative compact near room temperature systems for high speed (GHz)
single photon counting at telecommunications wavelengths.

DESCRIPTION: Single photon detectors are used in various applications including quantum communications, lidar,
hyperspectral imaging, and florescence spectroscopy. Quantum communications is of particular interest here.
Currently, silicon based avalanche photodiode devices (APDs) are effective and convenient options below 1 micron
wavelength. However, the large telecommunication fiber infrastructure and other applications operate abovel
micron wavelength. Superconductor nanowires and transition edge detectors have worked well above 1 micron but
their operating temperature is cumbersome. III-V materials such as InGaAs can be used to construct single photon
counting APDs sensitive at 1550 nm. Such APDs typically have higher dark counts and longer recovery times than
Si devices. The long recovery or “dead time” needed after a single photon detection event has limited the maximum
rate at which InGaAs detectors could be operated to about 10 MHz. Recent research has pointed to methods to
mitigate these effects, including time-gated operation [1] and passive quenching with low capacitance APDs [2].
Additional recent research results using new time-gating methods [1,3], such as gating with a sinusoidal wave, have
dramatically increased the gate rates to the GHz range, although controlling the deleterious effect of after-pulsing
continues to be a challenge. New concepts in detector design, materials, and fabrication also point to the potential
for high speed operation [2]. Understanding and exploiting the various regimes of performance and their impact on
potential applications will help determine the utility of these new types of high-rate APD photon counters and foster
systems based on these detectors.
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Innovations in device design, materials and fabrication, system optimization, and system operations are sought for a
new generation of convenient APD-based single photon counters that operate near room temperature. High gating
rates (GHz) while simultaneously maintaining high detection efficiency, low dark counts, low after-pulsing rates,
and low dead times are critical. Such counters should also be able to function for pulsed signals of a wide range of
possible repetition frequencies.

PHASE I: Research and development areas include: (1) Improvements to detector device design, materials, and
fabrication to achieve desired features; (2) Near room temperature operation; (3) Minimization of dark counts; (4)
System optimization. During Phase I the following must be completed: conception and design of the counter,
estimates of performance, and assessments of feasibility for GHz operations. Detector experimental data should
support feasibility assessments. The designs should support dead times between detection events of <10 ns to enable
high speed operation.

PHASE II: Finalize design and build prototypes of the counter. Provide a demonstration deployment that validates
the technology. The Phase-II program shall provide a plan to transition the technology to commercial development
and deployment.

PHASE III DUAL USE APPLICATIONS: The technology developed here has impact on the successful
demonstration of quantum communications. High speed operation is an important step for commercial adoption of
quantum communications technology. The technology developed here is also anticipated to have broader impact,
such as on the development of compact sensors for imaging and spectroscopy.

REFERENCES:
[1] N. Namekata, S. Adachi, and S. Inoue, “1.5 GHz single-photon detection at telecommunication wavelengths
using sinusoidally gated InGaAs/InP avalanche photodiode,” Opt. Express 17, 6275-6282 (20009).

[2] R. E. Warburton, M. Itzler, and G. S. Buller, “Free-running, room temperature operation of an InGaAs/InP
single-photon avalanche diode,” Appl. Phys. Lett. 94, 071116 (2009).

[3] Z. L. Yuan, A. R. Dixon, J. F. Dynes, A. W. Sharpe, and A. J. Shields, “Gigahertz quantum key distribution
with InGaAs avalanche photodiodes,” Appl. Phys. Lett. 92, 201104 (2008).
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A11a-T009 TITLE: Compact, Rugged, and Low-Cost Wavelength-Versatile Burst Laser

TECHNOLOGY AREAS: Sensors

OBJECTIVE: To develop a new generation of small, lightweight, and low-cost wavelength-versatile lasers for use in
different spectroscopic approaches to in-field detection of hazaradous materials in real time.

DESCRIPTION: The need to detect and identify chemical, biological, radiological, and nuclear (CBRNE) threat
materials abroad and in-country continues to grow. For example, the recent rise of use of HomeMade Explosives
(HMEs) is posing new challenge for detector technologies The many different types of HME threat materials
(liquids, vapors, acids, salts, peroxides, etc.) is underscoring the need for a multiple sensor approach, since no single
sensor technology can work successfully against such a widely varying set of threat compounds. Laser-based
systems show great promise for detecting and identifying these threats in the field, when used in the various
approaches currently being developed and/or used for in-field detection including Raman, laser-induced
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fluorescence (LIF), photofragmentation, acoustic, and laser-induced breakdown (LIB) spectroscopy. A common
theme in the way these lasers are used, independent of a given sensor technology, is the fact that they are applied in
a burst mode when interrogating unknown materials. Specifically, when analyzing unknowns, the laser is fired for a
limited number of shots (burst mode) and then the analysis is complete. This is significant since the lasers for field
use have different operational requirements than the commercial-off-the-shelf (COTS) lasers currently available and
utilized in both commercial and developmental spectroscopic sensing systems. The COTS lasers are over-
engineered, since they have been built for continuous heavy use operation, rather than in a burst mode at a low duty
cycle. Therefore, the current lasers tend to be larger and much heavier than they need to be. Furthermore, pulsed
lasers for field use need to be much less expensive than current COTS systems in order to be widely used in hand-
held, man-portable, and robotics applications. The desired new laser systems should be wavelength-versatile to
operate in the “eye-safe” range (1.5 microns) for open-beam operation, 0.5-1 microns when used inside a closed
system, as well as .02-0.35 microns for operation in the ultraviolet (UV) regime for resonance Raman and
photofragmentation spectroscopy.

Phase I will produce an engineering model for an innovative design that will represent a breakthrough in size,
weight, and cost reductions for new burst lasers. The desired performance goals compared to current COTS lasers
that are being used successfully for standoff detection

and identification are: ~33% of current size, ~25% of current weight, and ~33% of current costs.

Phase II will produce 3 working prototype systems in the 1.5, 0.5-1.0, and 0.2-0.35 micron ranges for testing and
evaluation by the US Army.

PHASE III DUAL USE APPLICATIONS: Lightweight and low-cost wavelength-versatile lasers will significantly
impact both military and commercial applications, accelerating product development. The new laser will find
application in a variety of man-portable sensor systems for real-time, in-field analysis in the environmental
remediation, geosciences, mineral exploration, archaeological areas as well as in many areas of medicine. Because
the market and the number of devices in the commercial sector is much larger than the military market, widespread
usage of this technology will drive down the cost of devices for the military and ensure a reliable manufacturing
base.

REFERENCES:
[1] Demtroder, W., 2002, Laser Spectroscopy: Springer-Verlag, Germany.

[2] Menzel, E.R., 1995, Laser Spectroscopy:Practical Spectroscopy Series, Marcel Dekker Publishers, The
Netherlands.

[3] Schubert E. F. and Gessmann T., 2005, Light-emitting diodes” in Elsevier Encyclopedia of Condensed Matter
Physics, F. Bassani, J. Liedl,and P. Wyder (editors), Elsevier, The Netherlands.
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Al11a-T010 TITLE: Automatically Determining Cause and Effect from Documents

TECHNOLOGY AREAS: Information Systems
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OBJECTIVE: Design a system that allows a user to identify documents around a set of relevant concepts, in an
interactive manner, such that it is possible to build a story (or a sequence of events) to explain events reported in
news. Furthermore, the system should be able to deal with multiple languages, suggest new keyword or concepts,
be able to deal with blogs, newsprint and micro-blogs with equal felicity, and take into account users’ knowledge
regarding trustworthy sources of information. Finally, the interactive system should allow for collaboration among
multiple users in their quest to make sense of unfolding events in any hotspot of the world.

DESCRIPTION: Search engines, such as Google, Yahoo and Bing, have made searching for information on the
Internet, based on keywords, a relatively easy task. However, there is very little support available to follow a story,
to find the cause and effect of events, or to filter through the results of a query based on some constraint. For
instance, it is easy to find information about Neda Soltan — the Iranian student who was shot to death in recent
protests — and to find information about the mass protests in Iran following their presidential election. However, to
find out the precise effect of Neda’s death on the protest movement (i.e., its reinvigoration, places, identification of
new leaders) one would have to wade through multiple streams of information and correlate by hand the cause and
effect information. From prior work in Databases, the advantage of our ability to write complex queries, over
multiple databases, and fuse resulting information is reasonably well known. However, unlike Database systems,
which have fixed schemas, the goal here is to deal with textual, unstructured data available in print and over the
Internet including, for instance, blogs and micro-blogs. Preliminary work in the context of story generation [1] and
more recent work on connecting the dots in the news stories [2] suggest that it is possible, using statistical relational
learning techniques, to discover cause and effect and to enforce coherence among a set of candidate stories.
However, taking into account users’ preferences (such as trustworthiness of source of information or of a particular
angle to a story) in the context of story generation still remains an open problem and needs to be solved by potential
offerors. Furthermore, any solution/ algorithm that are offered needs to present a credible solution to dealing with
micro-blogs and tweets, which are an important source of information. Given that Army’s intelligence analysts have
to deal with information from hotspots of the world where English is not spoken, the proposed system should be
able to deal with multiple languages. Finally, in the context of military intelligence gathering the source of a piece
of data is very important. Thus, proposers are required to ensure that their system accounts for an analyst’s views of
trustworthiness of information sources.

The work of a group of analysts is never done in a single session, or over a single day. The system being proposed,
by any investigator, should allow for collaboration between analysts, allowing them to save intermediate results of
their discovery and share with other colleagues who might be working on interpreting the same/ related set of
events.

PHASE I. Research, complexity analysis and design of algorithms that meets the requirements of sequencing
documents, micro-blogs and tweets expressed in multiple languages resulting in coherent stories and timelines,
taking into account users’ preferences on trustworthiness or topicality. Secondly, a component level design of a
scalable, computationally efficient software workbench for analyzing news, blogs and tweets to discover trends and
storylines.

PHASE 1II: Develop, document and demonstrate a software prototype that would be used as a plug-in, which can
work with extant search engines and other document management systems, to help discover relationship among
documents that contain information about cause and effect of observed/ reported events. Furthermore, the software
system should be able to deal with multiple languages; allow for creation, storage, manipulation and sharing of
intermediate results of information foraging; account for trustworthiness of data sources, etc.

PHASE III DUAL USE APPLICATIONS: Software produced as a result of afore-mentioned requirements has uses
in military intelligence setting and in regulatory settings. Consequently, efforts in this phase should be on refining
the design and the implementation, and should seek pathways to transition the software to defense laboratories (such
as Army Research Laboratory or the National Geospatial-Intelligence Agency) and to regulatory agencies (such as
Securities and Exchange Commission).

REFERENCES:
[17 J. Niehaus and R. M. Young. A computational model of inferencing in narrative. In AAAI Spring Symposium
'09, 2009.
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[2] Dafna Shahaf and Carlos Guestrin (2010). "Connecting the Dots Between News Articles." ACM SIGKDD
Conference on Knowledge Discovery and Data Mining (KDD), 2010.
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Alla-TO11 TITLE: High Risk Rapid Ethnographic Assessment Tool (HRREAT)

TECHNOLOGY AREAS: Human Systems

OBJECTIVE: To develop an integrated software tool for the collection, management, analysis, and visualization of
ethnographic data in high risk areas.

DESCRIPTION: The collection and analysis of socio-cultural data is becoming increasingly important for the
conduct of effective military operations. The production of more scientifically valid models of human behavior has
itself become increasingly dependent on available forms of socio-cultural data. The ability to rapidly collect social
and cultural data in field settings is challenging under most circumstances. In conflict, denied or high risk areas
these challenges become even more pronounced. This approach under non-conflict conditions has been variously
referred to as rapid ethnographic assessment, quick ethnography, or simply rapid ethnography. Currently, there is
little in the way of appropriate software for the conduct of rapid ethnographic research. The ethnographic software
that does exist generally involves a series of standalone packages that lack the ability to move data easily among and
between programs. There is a critical need for the development of an integrated software tool for enabling the
collection, analysis, management, sharing and visualization of ethnographic data in denied or high risk areas. The
tool should incorporate a number of ethnographic methods for the rapid collection of cultural, social and economic
data based on structured and semi-structured interviews, qualitative text sources, or unobtrusive observations. The
software tool will incorporate methods from cognitive anthropology and other social sciences and should include but
is not limited to: 1) cultural domain analysis (CDA), 2) social network analysis (SNA), 3) structured and semi-
structured interview protocol design, 4) key informant interview mapping, 5) qualitative data analysis (QDA), 6)
basic geographical information systems (GIS), 7) data visualization, and 8) basic statistics. Further, the software
tool should be usable and understandable by a broad community within the military and should enable better
decision-making at various levels (policy, combat operations), real-time computer based cultural situational
awareness for tactical decision-making, integrated data and modeling in situ for rapid socio-cultural assessment,
training in ethnographic methods, data reducibility and comparability over time and across sites, and continuity and
smooth transitioning of data and knowledge across individuals, teams and organizations.

PHASE I: Identify and design software in line with required methods and capabilities. All methods and relevant
algorithms should be identified and documented. Design should include both stand alone and web-based
capabilities.

PHASE 1II: Develop and test prototype software. Test will involve relevant data contexts and personnel.

PHASE III DUAL USE APPLICATIONS: This software can be used in both military and civilian research and
training contexts. The software should be of use to human Terrain Systems (HTS), Civil Affairs (CA), Provincial
Reconstruction Teams (PRT), and various other military organizations. The software should also be appropriate for
training in ethnographic methods in both military and civilian contexts.

REFERENCES:
[1] Bernard. H. R. and G. W. Ryan. 2010. Analyzing Qualitative Data: Systematic Approaches. Newbury Park,
CA: Sage Publications.
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The Ethnographer’s toolkit, vol. 3. Walnut Creek: Altamira Press.

[4] Handwerker, P. 2001. Quick Ethnography. Walnut Creek, CA: AltaMira Press.
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Al1a-T012 TITLE: Generation of Hydrogen from Methanol

TECHNOLOGY AREAS: Materials/Processes

OBIJECTIVE: Exploration of alternative approaches to generate hydrogen from methanol without thermal
reforming. Current thermal reformers operate at elevated temperatures. Novel methanol electrolysis processes that
converts methanol into hydrogen for use in low power fuel cells will be developed.

DESCRIPTION: Current low power Army Fuel cells that are being developed either steam reform methanol to
generate hydrogen for subsequent use in a fuel cell or directly convert the methanol into electrical power in direct
methanol fuel cells.

Thermal reforming increases system complexity and thermal signature while DMFC require large over potentials for
methanol oxidization. In addition methanol has the tendency to transport through polymer electrolyte membranes
(PEM) with three negative consequences:

1. Methanol at the cathode acts to depolarize the cathode, further reducing the cell potential, and with it the electrical
energy yield.

2. Methanol that is not oxidized at the anode does not contribute to the current delivered by the fuel cell.

3. Methanol that is consumed at the cathode yields additional water and carbon dioxide increasing the air flow
required for operation. In addition, in current DMFCs trace amounts of ruthenium from the anode diffuses through
the membrane and gradually poison the cathode for oxygen reduction.

Methanol electrolysis offers a potential a low temperature approach to generate hydrogen efficiently from methanol
to circumvent the inefficiencies associated with methanol crossover /ruthenium poisoning and the system
complexity and thermal signature of traditional steam reforming. Because the potential required to convert methanol
to hydrogen is less than the over potential to oxidize it in a fuel cell, electrolytic reforming has the potential to
realize enhanced energy yield due to an increase in overall system potential. In addition, while a conventional
DMFC typically operates on dilute methanol, 3 molar or less, with an electrolyzer included in the system methanol
can be supplied as an equimolar mixture of methanol and water.
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PHASE I: Methanol electrolysis will be demonstrated using advanced electrocatalysts and the products
characterized. Efficiency will be characterized to show improved performance over state of the art direct methanol
fuel cells. Concepts to integrate the electrolyzer into a fuel cell system will be developed.

PHASE II: In phase II, based on the results from the successful phase I program, two 25W methanol electrolysis
fuel cell systems with performance exceeding current state of the art direct methanol fuel cell systems will be
developed and delivered to the US Army for testing and evaluation.

PHASE III DUAL USE APPLICATIONS: Advanced methanol electrolysis hydrogen generation technology for
fuel cells will significantly impact both military and commercial applications, accelerating product development,
particularly for lightweight low power devices. Because the market and the number of devices in the commercial
sector is much larger than the military market, widespread usage of this technology will drive down the cost of
devices for the military and ensure a reliable manufacturing base. The methanol electrolysis technology will
transition into fuel cell system technology for dismounted soldiers. Likely sources of funding if the phase III
program is successful include PEO Soldier and CERDEC.

Applications for the advanced methanol fuel cell systems include soldier power to complement batteries and to
charge lithium-ion rechargeable batteries, significantly reducing the logistical burden (weight and volume) for the
soldier by reducing the number of batteries required for extended mission time as well as a many civilian electronics
applications.

REFERENCES:
[1] Z. Hu, M. Wu, Z. Wei, S. Song, and P. K. Shen, J. Pow.., 166, 458-461 (2007).

[2] G. Sasikumar, A, Muthumeenal, S. Pethaiah, N. Nachiappan, and R. Balaji, Int. J. Hyd. Energ., 33, 5905 — 5910
(2008).

[3] R. F. de Souza, G. Loget, J. C. Padilha, E. M. A. Martini and M. O. De Souza, Electrochem. Comm., 10, 1673 —
1675 (2008).

[4] T. Maiyalagan, Int. J. Hyd. Energy., 34, 2874 — 2879 (2009).
[5] T. Take, K. Tsurutani, and M. Umeda, J. Pow. Sourc., 164, 9 — 16 (2007).

[6] Barbara Jeffries-Nakamura, Sekharipuram R Narayanan, Thomas I Valdez, William Chun, NASA TECH BRIEF
Vol. 26, No. 6 from JPL NEW TECHNOLOGY REPORT NPO- 19948 (2002).
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Al1a-T013 TITLE: Biomimetic Membranes for Direct Methanol Fuel Cells

TECHNOLOGY AREAS: Materials/Processes

OBJECTIVE: Develop new biomimetic membranes with chemical stability and reduced methanol crossover to
enable micro direct methanol fuel cells (DMFCs).

DESCRIPTION: The Army has need for high-energy density, lightweight power sources for the dismounted

warrior. Currently methanol fueled polymer electrolyte based fuel cells suffer from methanol cross over which
reduces overall system efficiency and necessitates the use of diluted methanol solutions decreasing the system
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specific energy. Biomimetic membranes with ion channels either inspired by natural systems or membranes with
channels from organisms offer several potential advantages including improved conductivity and selective
permeability. At the same time bioderived systems represent several challenges including: chemical stability,
dehydration, the ability to integrate bioderived materials into synthetic membranes, and the challenges of orienting
and aligning pores to allow their use in thicker mechanically robust membranes.

PHASE I: In phase I biomimetic membranes will be produced and evaluated to demonstrate feasibility for use in
fuel cells. Specific goals should include the ability to prepare mechanically robust membranes that have
conductivities on par with their Nafion based counterparts, reduced methanol crossover, chemical stability when
exposed to high methanol concentrations which can both denature and dehydrate the biomimetic pores, and evaluate
the membrane in a direct methanol half cell. Preliminary results should support the potential to develop a robust 1W
system which can utilize 15M or higher methanol solutions with reduced methanol crossover.

PHASE II: In phase II, based on the results from the successful phase I program, design, construct, and evaluate a
DMFC 1W passive fuel cell with a stack based on biomimetic membranes. The system must have a lifetime
exceeding 500 hours, a system energy density exceeding 1500 Wh/kg, and be able to directly utilize concentrated
methanol (>15M). Two systems will be delivered to the US Army for testing and evaluation.

PHASE III DUAL USE APPLICATIONS: Biomimetic membranes will be integrated into larger power fuel cell
stacks for both military and civilian power applications. These systems will have higher efficiencies and lighter
system weights than the current state of the art systems. Bothe the military and civilian sectors are seeking compact
light weight power sources for dismounted soldiers and civilian electronic devices.

The biomimetic membranes for DMFCs have the potential to transition to both soldier borne and solider
transportable applications to either power devices directly on the soldier or to serve as a power source to recharge
secondary batteries. Likely sources of funding if the phase III program is successful include PEO Soldier and
CERDEC.

REFERENCES:
[1] Xie, C., J. Bostaph, and J. Pavio. 2004. Development of a 2 W direct methanol fuel cell power source. Journal of
Power Sources 136:55-65.

[2] Broussely, M., and G. Archdale. 2004. Li-ion batteries and portable power source prospects for the next 5-10
years. Journal of Power Sources 136:386-394.

[3] Kim, D. J., E. A. Cho, S. A. Hong, I. H. Oh, and H. Y. Ha. 2004. Recent progress in passive direct methanol fuel
cells at KIST. Journal of Power Sources 130:172-177.

[4] Shimizu, T., T. Momma, M. Mohamedi, T. Osaka, and S. Sarangapani. 2004. Design and fabrication of
pumpless small direct methanol fuel cells for portable applications. Journal of Power Sources 137:277-283.

[5] Kim, H. 2006. Passive direct methanol fuel cells fed with methanol vapor. Journal of Power Sources 162:1232-
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[8] Ly, H. V., and M. L. Longo. 2004. The influence of short-chain alcohols on interfacial tension, mechanical
properties, area/molecule, and permeability of fluid lipid bilayers. Biophysical Journal 87:1013-1033.

[9] Lee, W., H. Kim, T. K. Kim, and H. Chang. 2007. Nation based organic/inorganic composite membrane for air-
breathing direct methanol fuel cells. Journal of Membrane Science 292:29-34.
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Alla-T014 TITLE: High-capacity and Cost-effective Manufacture of Chloroperoxidase

TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes

OBJECTIVE: Develop a fungal protein expression system with integrated purification scheme for low-cost
production of purified, functional Chloroperoxidase in kilogram quantities.

DESCRIPTION: Chloroperoxidase (CPO) is an enzyme produced by certain fungal species that catalyzes a diversity
of biochemical reactions. For example, the CPO produced by the filamentous fungus Caldariomyces fumago
catalyzes the non-specific halogenation, including chlorination, bromination and iodation, of electrophilic organic
molecules. In the absence of halide, CPO is similar to the cytochrome P450 enzymes in its epoxidation and
hydroxylation of olefins and organic sulfides. A CPO recently identified in the fungus Agrocybe aegerita has been
shown to carry out both benzylic and aromatic hydroxylation. The versatile catalytic properties of CPO have
application in paper bleaching and potential application as active ingredients in cleaning supplies and in detection
and inactivation of chemical agents or products on environmental surfaces.

C. fumago CPO is ideally suited for the inactivation of chemical agents due to its exceptional stability, broad
substrate profile, and high catalytic efficiency. However, the high cost of producing large amounts of CPO
endogenously from fungal hosts is a major obstacle precluding the formulation and field deployment of enzyme
systems for chemical agent decontamination. Therefore, an advanced technology is needed that will enable the
large-scale and economical production of CPO in a highly active form. Expression in heterologous host systems,
including Escherichia coli, insect cells, Saccharomyces cerevisiae, and Pichia pastoris, is hindered due to the
complex post-translational modifications required for CPO activity. Therefore, the goal of this topic is to develop an
expression system in filamentous fungi, either by enhancing endogenous expression or developing an exogenous
expression system. Protein production capacity as well as economic enzyme purification technology will be critical
in achieving the required kilogram-scale manufacturing capabilities.  Field application of a CPO-based
decontamination system is projected to require a cost of enzyme production at or below $0.025/1000 enzyme units.

PHASE I: Develop a fungal expression system and purification scheme to produce milligram quantities of CPO at a
purity of 90% or greater. Perform detailed biochemical characterization of the purified enzyme, including
determination of catalytic efficiency and enzyme stability under a range of proposer-defined reaction conditions
suitable for use in field technologies.

PHASE II: Optimize the fungal expression system and purification scheme to demonstrate production of kilogram
quantities of CPO at a purity of 90% or greater. The purified enzyme must exhibit native activity levels. Enzyme
production should be achieved for a cost at or below $0.025/1000 enzyme units. Proper batch record documentation
and quality control processes should be demonstrated.
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PHASE III DUAL USE APPLICATIONS: The development of a high-capacity cost-effective fungal production
system for chloroperoxidase will support capabilities in enzymatic-based field technologies. The proposer should
identify appropriate transition or collaborative partners who will use this enzyme in development and fielding of
technology that supports the warfighter mission (e.g., chemical decontamination technologies). The economic
production of chloroperoxidase may also be beneficial in the commercial sector (e.g., remediation technologies with
Hazmat teams, paper industry, etc.).

REFERENCES:
[1] Manoj, K. M. and L. P. Hager. 2008. Chloroperoxidase, a Janus enzyme. Biochemistry 47:2997-3003.
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[3] Ayala M., M. A. Pickard and R. Vazquez-Duhalt. 2008. Fungal enzymes for environmental purposes, a
molecular biology challenge. J. Mol. Microbiol. Biotechnol. 15:172—-180.

[4] Conesa, A., F. van de Velde, F. van Rantwijk, R. A. Sheldon, C. van den Hondel, and P. J. Punt. 2001.
Expression of the Caldariomyces fumago chloroperoxidase in Aspergillus niger and characterization of the
recombinant enzyme. JBC 276:17635-17640.
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Alla-TO15 TITLE: A Priori Error-Controlled Simulations of Electromagnetic Phenomena for HPC

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: The objectives of this STTR are to investigate numerical methods for predictably-accurate treatment
of boundary conditions in electromagnetic and other wave-dominated phenomena, and to develop algorithms and
computer software that can be implemented for military and commercial simulation applications.

DESCRIPTION: High fidelity modeling of electromagnetic phenomena has become increasingly important in the
design and virtual prototyping of navigation, detection, tracking, and communications systems, helping simulation
become widely recognized as the third major component of scientific discovery and development, co-equal with
experimentation and theory [9]. However, the simulation of electromagnetic phenomena in the time-domain poses
unique computational challenges; these systems are hyperbolic with propagation length scales that are many orders
of magnitude greater than the wavelength. Although new algorithmic developments have greatly improved the
reliability and efficiency of approximations to Maxwell’s equations within the computational domain [5,6], a major
obstacle to accurate long-time solutions is the presence of spurious reflections which occur at the computational
boundaries and back-propagate to degrade the solution over the interior. The large propagation length scale makes it
impossible to compute over a domain that is large enough that boundary reflections are so far removed as to be
insignificant [4]. The widely accepted solution to this problem is to implement algorithms at the boundary which
attempt to introduce precisely the right amount of artificial damping (a “perfectly matched layer”, or PML) so that
incident waves are rapidly damped with no reflection. [3] These models suffer from several deficiencies. They are
very problem-specific; every problem, domain, geometry, source and receiver location, etc. has to be treated
individually and the PML has to be adjusted for each so as to minimize reflections for that particular case. In
addition, every new model requires a new PML, and no general procedure is known to construct a priori stable and
accurate layers [2]. Thus in practice, PMLs rely on empirical parameters that must be set by trial and error. This
fact hinders the development of high fidelity models; error bounds applicable to the stretched layers required for
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efficient computations are unknown, and so uncertainties in the error at boundaries propagate into the interior and
degrade the accuracy and/or reliability of our computations. With the advent of scalable parallel processing
architectures, the need has become apparent for new algorithms that can control reflections at boundaries, can give
us guaranteed error bounds so that we can achieve guaranteed high fidelity modeling of these important applications,
and can determine a priori the computational load (number of terms required, order of approximation required, etc)
to achieve a specified and guaranteed level of accuracy. While some work has been done in a priori methods for
nonreflecting boundaries (e.g. [1,7,8]), most of the results to date are restricted to simple artificial boundaries which
may be wasteful of computational volume and also require the discretization of nonstandard operators. In particular
their implementation using standard methods in the interior has not been demonstrated. What is needed is
development of an a priori, error-bounded algorithm that can be encoded in a standard software routine or set of
routines and that can be distributed within standard high performance computing (HPC) libraries or computational
electrodynamics packages for simulation on parallel, distributed, and Grid-based computing platforms. To ensure
the fidelity of simulations and introduce guaranteed error bounds, without intervention or coding by experts, for
military and commercial simulations, it is imperative that 1) the various existing techniques for treating
computational boundaries for electrodynamics and other wave systems be investigated; 2) efficient numerical
methods and their algorithms be developed for minimizing wave reflections at boundaries; 3) prototype computer
software for the algorithms be developed for military and commercial applications in computational environments.
In order to transfer the technology for commercial use, it is proposed that business technical staffs and university
researchers be involved in both the investigation of the numerical methods and the development of the software. It
is proposed that the program be carried out in the following two phases.

PHASE I: In Phase I the following shall be accomplished:

a. A complete assessment of currently available numerical methods and algorithms for reflection control at
computational boundaries.

b. Development of domain boundary methods for inclusion in standard computational electrodynamics packages.

c. Development of methods for the automatic generation of boundary handling, establishment of guaranteed a priori
bounds on the error due to reflections, and establishment of the guaranteed resulting computational load.

d. Development of new algorithms that are suitable for real time parallel and/or distributed computing
environments.

PHASE II: In Phase II,

a. Computer coding of the algorithms developed in Phase I shall be done primarily by software engineers in private
industries and some by university researchers.

b. The reliability of the algorithm will be demonstrated by testing on a comprehensive suite of community-
recognized benchmark problems.

c. The possibility of stably coupling the boundary algorithm with all standard volume discretization techniques will
be demonstrated.

d. The efficiency of the implementation will be demonstrated by testing on a variety of representative architectures.
e. A standard HPC version will be released with licensing requirements for commercial users that incorporates the
multi-core and GPU algorithms.

f. A complete set of documentation regarding the theoretical results, software design, and implementation shall be
delivered with the prototype software to the military for evaluation and implementation at US Government HPC
centers, including DoD Major Shared Resource Centers. It shall also be made commercially available to HPC users
at academically oriented HPC centers.

g. A long-term sustainability plan for development, maintenance and support of the software based on revenue
estimates will be developed.

h. A website will be launched for the distribution and support of the software to both commercial and
noncommercial users.

i. A stable support infrastructure to deal with both new and existing users will be created. Support will be
maintained that is capable of dealing with installation issues over many platforms as well as bug resolution and
usage issues with the existing code base. This will not only include standard release mechanisms, but also a web-
based help center that directly interacts with users.

PHASE 1III DUAL USE APPLICATIONS: The technology developed under this topic will improve the

performance of software for computational electromagnetics and eliminate the need for empirical parameters for the
design of boundary conditions. This will enable a significant reduction in the design cycle time of military
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electromagnetic systems for ground mobile wireless communications and sensing. The technology will bring
similar benefit to system development for applications in commercial wireless networking and communications.
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Al1a-T016 TITLE: High Performance Complex Oxide Thin Film Materials to Enable Switchable

Film Bulk Acoustic Resonators (FBAR) for Low-Loss Radio Frequency Devices

TECHNOLOGY AREAS: Materials/Processes

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.
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OBJECTIVE: To develop molecular beam epitaxy/ chemical vapor deposited (MBE/CVD or MOCVD) low-loss,
tunable complex oxide thin film materials to enable compact, switchable FBAR filters operating in the 1-3 GHz
frequency range.

DESCRIPTION: In modern communication systems, frequency-agile and reconfigurable components are becoming
increasingly necessary to cope with a multitude of signal frequencies and modulation formats. Acoustic resonator
devices are currently the technology of choice for compact front-end filtering since they are not limited by the
inductor resonator quality (Q) factors. Historically, surface acoustic wave (SAW) resonators have been used, which
in recent years have given way to Film Bulk Acoustic Resonator (FBAR) technologies. Such acoustic devices
exploit piezoelectric materials (such as AIN, ZnO) and when properly designed can have extremely high Q-factors
of 600 or more at RF frequencies; hence high-order, low-loss filters can be realized. However, the resonance
frequency of an FBAR resonator is determined by the thickness of the piezoelectric material, and is thus fixed.
Since an FBAR device has a high Q-factor, it is difficult to pull or de-tune this resonant frequency with external
components like varactors unless the devices are heavily loaded, which then degrades the Q. Thus, in order to
achieve frequency agility or re-configurability, multiple FBAR filters must be combined with a switching network to
route the signal through an appropriate fixed-frequency filter.

It has recently been shown that electrostrictive materials as well as materials that show DC-voltage induced
piezoelectricity can be utilized as both a switch and a resonator if configured properly [1-5]. This eliminates the
need for complex and lossy switching networks in frequency-agile filter networks. This switchable FBAR
technology is enabled by perovskite oxide materials, specifically BaSrTiO3 (BST) and SrTiO3, which have been
shown to have coupling constants comparable to that of AIN, which is the current material used in FBAR. The
quality of FBAR devices is highly sensitive to film quality and crystal orientation. As is well-established in
semiconductor technology, molecular beam epitaxy offers the highest quality thin film materials and excellent
control over film orientation. It has been recently shown that high-quality perovskite oxide thin films, such as
SrTiO3, can be grown by MBE [6]. It is anticipated that by using advanced growth techniques (which are standard
to the electronics industry for growing III-V compound semiconductors), such as, Molecular Beam Epitaxy (MBE)
and/or Chemical Vapor Deposited (CVD) or Metallo Organic CVD - thin films of BST or SrTiO3, switchable
FBAR of unprecedented quality will be obtained. The goal of this STTR is to investigate the feasibility of using of
high-quality MBE/CVD electrostrictive oxide films for switchable FBAR devices and filters.

PHASE I: The offerer will demonstrate feasibility to deposit high-quality films of BST and SrTiO3 films using
MBE/CVD or MOCVD. Thin film quality metrics include the demonstration of high quality stoichiometric films
with smooth interfaces and low dielectric losses. The Phase 1 work should also include full characterization of the
FBAR process; including (i) identifying the challenges relating to the processing temperatures and (ii) identification
of a route to commercial processing. The offerer will design a FBAR device utilizing a switchable perovskite oxide
FBAR from 1-3 GHz and predict its performance.

PHASE II: The offerer will deposit high quality perovskite oxide based films consistently by MBE/CVD or
MOCVD and conducts full characterization of these films. These films will then be optimized and processed into
FBAR devices with detailed material analysis and processing characterization performed to understand how
material/film orientation affects the FBAR performance. Material deposition parameters will be varied with the goal
to evaluate how they impact the FBAR properties. Filters will be fabricated utilizing the FBAR devices and full RF
characterization of the filters will be performed including filter shape performance, linearity, harmonics, Q, loss,
return loss, group delay, etc. in order to compare with existing technology. The ability to switch on and off will be
demonstrated. Initial reliability and lifetime testing will also be performed to baseline the robustness of the process
and design.

PHASE III DUAL USE APPLICATIONS: Phase III will involve refinements of the filter design and include
specifically designed filters and packaging for use in actual systems. Documentation to ISO standards and
refinement of the manufacturing processes will be performed and repeated to establish a commercially scalable
manufacturing process. Additional reliability testing will be performed to conform to commercial and military
standard test practices. This filter technology can be utilized in a number of high frequency communications
systems for both the military and commercial use.
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Alla-T017 TITLE: Sensitive and Shape-Specific Molecular Identification

TECHNOLOGY AREAS: Chemical/Bio Defense, Materials/Processes

OBJECTIVE: The development of a compact and portable instrument that couples mass spectrometry and
Rydberg spectroscopy to provide a complete ‘fingerprint’ of a molecule, including molecular mass as well as
isomeric and conformeric identification. This instrument will enable a major increase in selectivity for threat
identification in the field, while minimizing sample consumption, as well as instrument footprint and cost.

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. However, the
standard instruments have two primary drawbacks for application in-the-field 1) inability to rapidly identify isomers
and conformers of molecules of interest and 2) its size; they are often large cumbersome instruments. In recent
years it has been shown that excited electronic (Rydberg) states could distinguish among molecular shapes (isomers)
for several different atomic compositions. Laser-induced Rydberg spectra could provide “fingerprints” that, when
joined with MS molecular mass spectra, would enable unambiguous identification of molecular structures (isomers)
and, further, different molecular shapes (conformers) of the same isomer. Recent advances in MS have also lead to
reduction in instrument footprint size. This call seeks to push the limits of MS miniaturization while simultaneously
coupling it to Rydberg Spectroscopy, resulting in a compact, self-contained unit for increased discrimination of
chemical and biological threats

PHASE I: (Feasibility Study) Demonstrate coincident measurement of mass spectra and Rydberg ionization for a
set of molecular isomers. Demonstrate design for two-dimensional coincidence Rydberg and mass spectra for
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complete signature fingerprint. Develop designs for miniaturized Rydberg/MS detectors. Design criteria must
include: simplicity and minimum number of parts, ruggedness and sensitivity. Provide cost estimate for instrument.

PHASE 1II:  (Prototype Delivery) Build prototype Rydberg/MS detection unit using designs from Phase I.
Demonstrate coincidence operation for isomer identification. Provide validation data on maximum mass range.
Determine sensitivity of instrument and ability to identify threat agents against a large background of volatile
organic compounds.

PHASE III DUAL USE APPLICATIONS: The miniaturization of mass spectrometry coupled to Rydberg
spectroscopy is an attractive concept for an advanced chemical/biological sensor which can identify and distinguish
between isomeric forms of the same compound. This phase of the project will couple mass spectrometry to Rydberg
spectroscopy. The impact of this work would provide modern labs with the ultimate analytical tool for rapid,
unambiguous identification of any analyte, from environmental toxins to biologically active pharmaceuticals and
beyond. Consequently the commercial potential of the end product would be enormous, rivaling NMR and current
tandem mass spectroscopic techniques, which are expensive, cumbersome and lack sensitivity.

REFERENCES:
[1] Gosselin and Weber, “Rydberg Fingerprint Spectroscopy: A New Spectroscopic Tool with Local and Global
Structural Sensitivity”, J. Phys. Chem. A 2005, 109, 4899-4904

[2] Cardoza, Rudakov, Fedor, Hansen, and Weber, "Identification of Isomeric Hydrocarbons by Rydberg
Photoelectron Spectroscopy", Journal of Electron Spectroscopy and Related Phenomena 2008, 165, 5 - 10.

[3] Minnitti and Weber, "Time-Resolved Conformational Dynamics in Hydrocarbon Chains", Physical Review
Letters 2007, 98, 253004.

[4] Kuthirummal and Weber, "Structure Sensitive Photoionization via Rydberg Levels", Journal of Molecular
Structure 2006, 787, 163 - 166.

KEYWORDS: mass spectrometry miniaturization, molecular shape analysis, environmental analysis, Rydberg
states, explosives detection, chem/bio detection

TPOC: James K. Parker

Phone: 919-549-4293

Fax: 919-549-4310

Email: james.kenneth.parker@us.army.mil

Alla-T018 TITLE: Thin-Film Multiferroic Heterostructures for Frequency-Agile RF Electronics

TECHNOLOGY AREAS: Sensors

OBJECTIVE: The goal of the research is to demonstrate the feasibility of using thin-film multiferroic
heterostructures as magneto-electric tunable RF isolators at frequencies above 10 GHz.

DESCRIPTION: Magnetic-field tunable ferrite devices are currently used as resonators, filters, phase-shifters,
circulators, isolators. Unfortunately, the tuning response times limit their use at higher frequencies, and the material
losses and device noise characteristics are becoming unacceptable. Further, they are incompatible with RF
semiconductor IC technology and have relatively high power requirements. Multiferroic materials have the
potential to greatly improve on these properties and provide a viable solution for electrically tuned ferromagnetic RF
resonance devices. The additional design space gained from exploiting either magnetically-modulated piezo-electric
fields or electrically-modulated piezomagnetic fields could greatly expand the range of tuning in integrated
microwave circuitry, resulting in RF systems that are much lighter, smaller, reliable and more affordable than
current devices and systems.
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Single-phase multiferroics exhibit intrinsic magnetoelectric effects that are too small for RF device applications at
frequencies of interest for military systems. However multilayered multiferroic hetero-structures can be engineered
to simultaneously possess a net magnetic moment and an electric polarization that can then interact through a strain-
induced coupling of the constituent lattice polarization field and magnetic domain ordering. Layered structures with
large magnetoelectric effect have been demonstrated on a limited basis, e.g. bilayers with ferrites as the
piezomagnetic phase and BST or PZT as the paraelectric phase.l) In particular, hexagonal ferrites (BaM) are also
available and are magnetically self-biasing, which can allow for the design of enhanced ME effects and devices for
operation at higher frequencies without the need for heavy and expensive magnets.2)

PHASE I: Proposers should demonstrate a viable thin-film deposition technology for multiferroic heterostructures
and then investigate the magneto-electric properties of the heterostructures in order to evaluate the feasibility of
developing a magneto-electrically tunable RF isolator. The research should seek to develop a systematic
understanding of the physics and high frequency behavior of the hybrid modes that arise in multiferroic
heterostructures, and demonstrate the feasibility of establishing electronic control of the magnetic response of these
hetero-ferroic film composites with minimal associated losses and noise.

PHASE II: The small business should implement the processing innovations identified in Phase 1. Based on these
studies the program should develop a methodology for achieving high speed tuning with the widest magneto-electric
frequency range at the lowest applied electric field. = This phase should include the production and testing of
prototype devices. Phase 2 effort should optimize the materials and processing parameters for production of energy
efficient, tunable RF isolators capable of operating at frequencies above 10 GHz and across the full military
temperature range of -20 C to +125 C.

PHASE III DUAL USE APPLICATIONS: Magnetic-field tunable ferrite devices are currently used in resonators,
filters, phase shifters, circulators. Unfortunately, tuning response times are limited and the devices display rather
large loss and noise characteristics. The present program will seek to introduce a new multiferroic technology that
will provide improved microwave devices with superior tunability and overall performance standards.

REFERENCES:
[11 R.V. Petrov, A.S. Tatarenko, G. Srinivasan and J.V. Mantese, “Antenna Miniaturization with Ferrite-

Ferroelectric Composites”, Microwave and Optical Technology Lttrs, 50, 12 (December 2008), p. 3354-7

[2] A.B. Ustinov and G.Srinivasan, “Subterahertz excitations and magnetoelectric effects in hexaferrite-
piezoelectric bilayers”, APL, 93, 142503 (2008).
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Al1a-T019 TITLE: Rugged Automated Training System

TECHNOLOGY AREAS: Human Systems, Weapons

OBJECTIVE: The objective of this STTR is to develop a machine that will reliably train small animals to detect
explosives or other compounds of interest and will provide an objective unbiased measurement of the animal’s
sensitivity and accuracy.

DESCRIPTION: The Army is engaged in extensive humanitarian demining efforts. Demining is often necessary to
restore farm land to agricultural use, and to enable societies to stabilize after war. Although dogs are the most
commonly used animal for mine detection, it has been demonstrated that other animals can reliably smell mines, and
smaller animals have advantages over dogs in some situations.
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The cost of training animals to detect mines is primarily due to the human labor involved. In addition, the actual
training of animals to detect mines remains as much of an art as a science. It is desirable to 1) have an automated
training system that reduces the human labor cost, and 2) have an automated scoring system that objectively
measures the animal’s accuracy and sensitivity. Because much of the demining efforts are happening in third world
countries with little access to engineering expertise or parts, this system must be rugged, reliable, inexpensive,
simple to operate, and easy to fix.

PHASE I: The investigators will design a system to reliably train small animals to detect mines and to objectively
evaluate and score their performance. At the end of phase I they will present detailed plans for this system. Phase
I will be evaluated on the basis of the proposed system to effectively train and evaluate small animals, and on cost,
ruggedness, reliability, simplicity, and ease of maintaining and repairing the system. The system should be usable
by animals up to 7 kg.

PHASE II: The investigators will build prototype systems and will deliver at least five of these prototypes to
locations to be designated by the program manager for field testing. By the end of phase II the investigators will
have developed the capability for large scale production of Rugged Automated Training Systems.

PHASE III DUAL USE APPLICATIONS: The investigators will produce and sell large numbers of these Rugged
Automated Training Systems for worldwide use.

Mines are widespread throughout much of Africa, Asia, and Central America and demining operations are expected
to continue for decades. Finding and removing mines is necessary to restore mined land to civilian use.

REFERENCES:
[1] Catania, KC, and Remple, FE. 2004. Tactile foveation in the star-nosed mole. Brain Behav Evol 63(1):1-12.

[2] Verhagen, R, Weetjens, F, Cox, C., and Weetjens, B. 2006. Rats to the Rescue: Results of the First Tests on a
Real Minefield, Journal of Mine Action 9, 2.
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Al11a-T020 TITLE: Automated malware understanding and classification

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: Automated techniques for understanding and classifying behavior of novel malware.

DESCRIPTION: The number of new malware being encountered in the wild is steadily and rapidly increasing.
Recent reports show that more than 5,000 new, unique malware samples are encountered daily. In order to keep pace
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and not fall behind in the arms race with malware creators, there is a dire need for a systematic, automated way to
process this deluge of malware. When a malware is encountered, there are two questions that need to be answered:
(i) what does the malware do? (ii) is the malware a variant of an already known malware? Automated and effective
techniques combining static and dynamic analysis of executables, mining techniques for behaviors, and malware
classification are needed to address this challenging problem. The same technique may also help understand
behavior of COTS from untrusted and unknown sources.

Researchers are exploring new techniques that can address these questions, such as the recent work on automated
construction of dependence graphs from executions of malware for understanding and summarizing the behavior of
the malware. Researchers have also studied mining tools and techniques based on dependence graphs to extract the
behavior of malware. Semi-automated specification generation techniques have been explored to help analysts
construct detection mechanisms for newly discovered malware behaviors for incorporating them into behavior-based
or cloud-based malware detectors. Some researchers (such as Bailey et al. 2007) have addressed the malware
classification problem: classifying malware by type (e.g., Virus, Worm, Spyware), family (e.g., Bagle, Netsky,
MyDoom), and whether it has been encountered before.

The current practice of analysts manually inspecting each individual incoming malware is not a sustainable solution.
There is a need for proven and deployable automated techniques that can process and analyze large volumes of
malware binaries.

PHASE I: 1) Research and develop automated malware understanding and classification technologies based on
recent new techniques such as dependence graphs or symbolic execution that can effectively and efficiently analyze
and characterize malware behavior and to defeat the use of obfuscation and polymorphism. 2) Demonstrate that the
proposed techniques can be implemented successfully in classifying behaviors for a large corpus of malware in near
real-time.

PHASE II: 1) Extend the techniques proposed in phase I to mine or extract relevant behaviors of malware. 2)
Develop and implement techniques for automatically transforming the extracted malware pattern and behaviors into
policies or patterns that can be ported into existing malware detectors. 3) Validate the techniques under operational
conditions. The goal of this phase will be to demonstrate that a new malware can be analyzed near real-time. The
goal will be to analyze, classify, and mine behaviors in less than five minutes with minimum human intervention.

PHASE 1II DUAL USE APPLICATIONS: Effective techniques for understanding and classifying malware are
critical for both military and commercial sectors. The developed system will be marketed as a malware-analysis
platform which will be attractive to malware-detection companies and defense agencies. The malware-analysis
platform can be used by agencies and companies for developing a faster defense against zero-day attacks.

REFERENCES:
[1] B. Acohido and J. Swartz. Zero Day Threat: The Shocking Truth of How Banks and Credit Bureaus Help Cyber
Crooks Steal Your Money and Identity. Union Square Press, April 2008.

[2] Michael Bailey, Jon Oberheide, Jon Andersen, Z. Morley Mao, Farnam Jahanian, and Jose Nazario, Automated
Classification and Analysis of Internet Malware, Proceedings of Recent Advances in Intrusion Detection (RAID'07),
September 2007.

[3] Mihai Christodorescu, Somesh Jha, and Christopher Kruegel, Mining specifications of malicious behavior,
ESEC/SIGSOFT FSE, 2007.

[4] Matt Fredrikson, Mihai Christodorescu, Somesh Jha, Reiner Sailer, and Xifeng Yan, Synthesizing Near-Optimal
Malware Specifications from Suspicious Behaviors IEEE Symposium on Security and Privacy, 2010.

[5] Lorenzo Martignoni, Elizabeth Stinson, Matt Fredrikson, Somesh Jha, John C. Mitchell, A Layered Architecture
for Detecting Malicious Behaviors, RAID 2008.

[6] Mila Dalla Preda, Mihai Christodorescu, Somesh Jha, Saumya K. Debray, A semantics-based approach to
malware detection, ACM Trans. Program. Lang. Syst., 30(5), 2008
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[7] David Brumley, Hao Wang, Somesh Jha, Dawn Xiaodong Song, Creating Vulnerability Signatures Using
Weakest Preconditions, CSF, 2007:

[8] Hao Wang, Somesh Jha, Vinod Ganapathy, NetSpy: Automatic Generation of Spyware Signatures for NIDS,
ACSAC, 2006.
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Alla-T021 TITLE: Artificial Antibodies for Biological Sensing Based on DNA Origami

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: To build artificial antibodies using DNA origami and develop novel types of electo-optical based
biological sensing methodologies.

DESCRIPTION: Nature is adept at producing molecules that can recognize and specifically bind to other molecules.
In biological systems, antibodies can search out and selectively bind to specific target molecules in the presence of
numerous other substances. Antibodies are a critical component of the immune systems of many organisms.
Selective binding allows the body’s immune system to target and eliminate specific antigens. Antibodies have also
become the gold standard for many biosensing applications. Natural proteins are widely used in diagnostic tests for
many diseases because they recognize and efficiently bind to disease markers.

Attempts have been made to synthesize molecules with abilities for selective bonding that are comparable to
antibodies. However, protein antibodies are difficult and expensive to synthesize in the laboratory. The precise rules
of protein folding are still a mystery and are one of the unsolved problems of modern biology. Attempts to
manufacture proteins with predetermined shapes and functionality have met with limited success. Protein antibodies
are also perishable and possess a short shelf life.

Attempts have been made to manufacture antibodies from polymers using molecular imprinting. In molecular
imprinting, a solution containing a polymer grows around a target molecule. The target molecule is then washed
away. When the molecular imprinted antibody contacts the target molecule, binding occurs. Molecular imprinted
antibodies have had some success, However, in the case of biological warfare agents, the use of antigens during the
manufacturing process presents a difficult, if not impossible, situation.

The folding of single- and double-stranded DNA is a chemically well-understood and controllable process. DNA is
generally associated with the storage of genetic information. However, in many ways, it is also an ideal building
material. DNA’s sequence dictates its shape and structure. Recently, progress has facilitated cheap and easy
manufacturing of DNA strands with custom sequences. The use of self-assembled DNA sequences is thus a very
attractive approach in the search for artificial antibodies. The science of DNA origami has recently progressed to the
point that it is now possible to design and manufacture complex structures using DNA folding techniques. Much of
the science of DNA origami is centered on producing better design software. The ability to produce better design
software is a critical component of the controlled design and production large complex structures using DNA
origami.

PHASE I: Conduct a feasibility study of producing artificial antibodies using DNA origami. Methods should be
developed to design structures with predetermined shapes and functions. Methods for manipulating the physical
properties of the self-assembled structures should also be examined, and electro-optical testing methods should be
defined for verifying the types of physical properties achieved. In particular, methods should be developed to
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manipulate the charge on the surface of a DNA self-assembled nanostructure. Also, the production of controlled
hydrophobic and hydrophilic surfaces should be examined using DNA origami methods. A preliminary design
should be made to produce structures using DNA origami that will function as antibodies. Where possible, target
antigens related to biological warfare agents or simulants should be used in the initial design studies.

PHASE II: Fabricate artificial antibodies using DNA origami. Test the affinity of the antibodies to known antigens.
Based on the results of the tests, refine the design of the antibodies. Examine methods for incorporating the new
artificial antibodies into sensors specifically designed for the detection and identification of biological warfare
agents and simulants. Here, an emphasis should be placed upon defining and refining electro-optical based
transduction methodologies for achieving the detection and identification capability.

PHASE III DUAL USE APPLICATIONS: Further research and development during Phase III efforts will be
directed toward refining final deployable designs for artificial antibodies. Design modifications based on results
from tests conducted during Phase II will be incorporated. Manufacturability specific to U.S. Army CONOPS and
end-user requirements should be examined. Artificial antibodies will have numerous commercial applications,
particularly in the field of medicine. It is expected that commercialization will accelerate once the antibodies
become less expensive and easier to use. It is one of the goals of this effort to produce affordable, stable antibodies
that can be reliably mass-produced for battlefield applications, especially in the context of biological agent detection
and identification.

REFERENCES:
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A11a-T022 TITLE: Integrated THz Plasmonic Chemical and Biological Sensors

TECHNOLOGY AREAS: Sensors

OBIJECTIVE: To design, fabricate, and demonstrate a new class of plasmonic sensors for chemical and biological
sensing based on terahertz (THz) frequency quasi-optical spectroscopy.

DESCRIPTION: The Army has an urgent need for new sensor-based plasmonic architectures for biological and
chemical sensing, with superior sensitivity and high-volume processing capability. Examples include a novel nano-
biosensor system comprising plasmonic emitters, waveguides, and detectors which can be integrated with other
nanoelectronic circuit elements and components, such as switches and modulators, thereby resulting in enormous
signal functionality, integration and processing speed. Recent development on metallic nanoparticles (MNPs),
metallic nanoshells (MNSs) and metallic nanowires (MNWs) seemed promising, because the plasmonic nano-
architectures provide a promising way to integrate with optical-electronic (including long wavelength THz regime)
devices by localizing the light at a subwavelength scale [1-5]. Toward that end, THz signal transducers using the
metallic metamaterial---because surface plasmon polariton (SPP) modes generate the weakly localized mode
confinement in the THz domain---will need to be developed to fully realize the potential of the new class of THz
plasmonic sensors. Specifically, it may be necessary to build holes, grooves, dimples, and other surface textures at
the subwavelength scale, thus creating the spoof surface plasmon polariton (SSPP) modes similar to surface plasmon
polariton (SPP) existing at the IR-Optical spectrum [6,7]. For example, various THz transducers such as
waveguides, multiplexers and Mach-Zender interferometers using the sub-wavelength periodic gap structures need
to be developed. Additionally, to improve the signal to noise figure of merit, it may be necessary to employ metallic
photonic crystal materials consisting of cavities. It is also possible that the signal detection emitted by nanometer-
scale atoms and molecules would be enhanced by strong near field confinement and extraordinary transmission of
the plasmonic architectures. The artificially designed metallic photonic crystal slabs comprising of cavities with high
Q-factor and small effective volume will make it possible to obtain ultrahigh sensitivity for chem.-/biosensor
devices. Plasmonic waveguide structures such as slot waveguides, when combined with plasmonic switches, can
deliver optical (THz) excitations to spectroscopy-based sensor arrays, and collect optical (THz) spectral information
from these array elements, and subsequently direct them to desired output terminals. With such a design paradigm,
the optical/THz plasmonic sensors’ high sensitivity is accentuated, and at the same time, large throughput of sensory
processing information is made possible. The ultimate goal of this project is to define a new class of THz plasmonic
nanostructures which are highly effective for spectroscopy-based sensing and that are scalable and reproducible.
Namely, when produced by available standard nanomanufacturing techniques required for realizing large sensor
arrays, excited and interrogated by large number of plasmonic waveguide channels connected to the optical/THz
input/output, uniform response properties will be exhibited by these sensors systems.

PHASE I: In the Phase I effort, a complete design of a chem./biosensor based on the THz plasmonic nanostructures
should be formulated, and the fabrication procedures should be developed for a representative device
implementation. It is expected that physical attributes such as the plasmon resonance frequencies and local field
enhancements will be predicted as a function of the geometric and material parameters of the plasmonic
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nanostructures. The Phase I effort should include fabrication experiments and benchmarking that demonstrate an
adequate capability for the meeting the expected challenges in fabricating the proposed sensors.

PHASE II: In the Phase II effort, a prototypical sensor array based on THz plasmonic nanostructured architecture,
with plasmonic waveguides connected to the input/output optical/THz excitation and spectral
collection/determination, will be fabricated and their ultrahigh detection sensitivity should be demonstrated. The
performances of the THz plasmonic sensor array should be fully evaluated in terms of processing speed and amount
of information processed. Although the THz plasmonic sensor array will be designed to be functional at one
specific laser wavelength, the project needs to deliver theoretical/experimental results that provide guidance
regarding how the sensor array can be designed and fabricated for other excitation wavelengths and possibly broad-
band/sweep-frequency operations.

PHASE III DUAL USE APPLICATIONS: The Phase III work will demonstrate scalability and repeatability of the
proposed THz plasmonic nanostructured spectroscopy-based sensor arrays with ultrahigh sensitivity, and implement
at least one kind of sensor featuring monolithic integration of the signal source and detector(s). Specifically, arrays
of the proposed THz plasmonic nanostructures will be fabricated using standard nanofabrication technologies such
as nanoimprint lithography or other scalable nanomanufacturing techniques. This new technology will have
commercialization opportunities for such military relevant applications as detection of trace amount chemical,
biological and explosive agents. This same technology would find dual-applications such as advanced laboratory
components for scientific characterization studies; materials/process monitoring in commercial manufacturing; and
ultra-fast data processing.

REFERENCES:
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Alla-T023 TITLE: Dual Fuel Use of JP-8 and Hydrogen for Improved Compression Ignition Engine
Performance
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TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE: Determine the effect on engine performance of introducing hydrogen/syngas into a compression
ignition engine and develop a means to produce the hydrogen/syngas in-situ.

DESCRIPTION: The Army seeks to improve the fuel efficiency and/or emissions of its compression ignition
engines. Compression ignitions engines are utilized across a variety of platforms including, but not limited to,
generator sets and vehicles. Research indicates that the dual fuel use of diesel and hydrogen/syngas (carbon
monoxide and hydrogen) can improve combustion in compression ignition engines (1,2,3). Recent research and
development in the area of catalytic fuel reformers, plasma reformers and other similar devices, indicates that a
hydrogen rich stream (or syngas stream) can be produced efficiently from JP-8 in a compact on-board configuration
(4,5,6). It has been postulated that hydrogen influences the combustion flame speed allowing for faster combustion
at higher peak pressures which results in improved thermal efficiency (7). Thermal efficiency improvements of up
to 28 percent have been reported with hydrogen addition8. Additionally, improvements in emissions in terms of
NOx, particulate matter, carbon monoxide and smoke have also been reported (1,2,3). Because the addition of
hydrogen/syngas appears to greatly improve combustion efficiency, this combustion technique may allow for
broader fuel considerations to include renewable biomass based fuels, hydrogenation-derived renewable diesel fuels,
and other future postulated synthetic middle distillate fuels. Thus far published research on this topic is limited and
the engine performance effects are not always consistent9. This research could have broad implications across
military mobility platforms, auxiliary power units and engine driven generators.

For military purposes, generation of a hydrogen rich stream on demand via fuel reforming or other means is
preferable to carrying hydrogen canisters. When fuel is reformed it is broken down primarily into H2 and CO, also
known as syngas. The production of syngas in small quantities via fuel reforming should result in a compact
reactor with negligible parasitic energy demands. Results from this research and development program should
conclusively address the impact of the use of dual use JP-8/hydrogen fuels (or syngas) in a compression ignition
engine through experimental results and design studies resulting in a laboratory demonstration unit and/or research
engine test stand that can be delivered to the Government for performance verification.

PHASE I: Through experimentation determine the effects of mixing hydrogen and/or syngas with JP-8 on
combustion thermal efficiency and emissions. Based on preliminary results, postulate a conceptual design for a fuel
reformer or other means to generate in-situ hydrogen and assess system level impacts such as performance, size,
weight, safety, scaling and cost.

PHASE II: Continue to fully map out engine performance with dual JP-8/hydrogen fuels determining engine
operating conditions which result in best performance improvements. Experimentation and testing should also
consider engine performance with renewable diesel and jet fuels. Design and fabricate a laboratory demonstrator
unit consisting of a compression ignition engine, hydrogen or syngas generator device and means to load the engine.
The purpose of the demonstrator unit/test bed is to allow the Government to independently verify performance.

PHASE III DUAL USE APPLICATIONS: Conduct design studies to optimize the hydrogen/syngas generator
device and diesel engine. Demonstrate physical integration and thermal integration through laboratory demonstrator
design, fabrication and test. Compression ignition engines are used in a very broad array of commercial and military
applications such as, primary vehicle propulsion, continuous and backup electric power generation, and as prime
movers (engine driven compressors, pumps, etc.). Current and future commercial design emphasis is on improving
efficiency and reducing emission; this topic specifically addresses these critical technology areas.

REFERENCES:
[1] Saravanan N, Nagarajan G. Experimental investigation in optimizing the hydrogen fuel on a hydrogen diesel
dual-fuel engine. Energy Fuel 2009, 23, 2646-2657.

[2] Ramirez-Lancheros R, Darmon A, Moreac G. Simulated impact of the addition of reformate on n-heptane
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[3] Antunes JMG, Mikalsen R, Roskilly AP. An experimental study of a direct injection compression ignition
hydrogen engine. IntJ Hydrogen Energy 2009, 34, 6516-6522.
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Alla-T024 TITLE: Advanced Wavelength Tuners for Chem-Bio Detection Lasers

TECHNOLOGY AREAS: Chemical/Bio Defense, Sensors

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: We are seeking advanced, robust wavelength tuners for laser transmitters operating in the 3-5 um and
8-12 um bands for application to point and standoff detection of chemical and biological agents.

DESCRIPTION: A variety of wavelength agile laser transmitters are contemplated for advanced point and standoff
sensors to probe for chemical and biological agents. These include most notably Quantum Cascade Lasers (QCLs),
CO2 TEA (Transverse Electric Atmospheric) lasers, CO2 waveguide lasers, and solid state lasers with optical
parametric oscillators (OPOs). The CO2 types operate at moderate to high peak or average power and typically use
precision rotating gratings to achieve wavelength selection. They can also be wavelength shifted by OPO, but in
that case output power is limited by optical damage on the nonlinear crystal surfaces and shifter resonator optics.
QCLs can be wavelength shifted by thermal means, but such lasers operating in Fabry-Perot resonators with angle
tuned gratings can offer broader band coverage at high speed. Solid state lasers have proven to be most effective in
the MWIR, although attempts have been made to extend their reach to the LWIR. In both these bands, angle tuned
OPO shifters have been effective. In all these cases, one of the critical elements of the wavelength shifter is the
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precision angle tuning mechanism which must satisfy the combined requirements of speed, position accuracy and
repeatability, compactness, and robustness. One example is the CO2 TEA laser now incorporated in the FAL
(Frequency Agile Laser) which operates at a pulse repetition frequency (PRF) of 200 Hz. The FAL grating angle
tuner requires a +10 prad angular resolution over a 5 degree angle with a settling time of 5 msec and an angular
repeatability of £10 urad over temperature ranges of at least 0-400C. The present FAL tuner achieves only a 2.5
degree of angle in 5 msec. Therefore, a two-fold increase in speed is required to solve the present requirement; and
a speed increase of three to four times over the present device will be required to satisfy the advanced requirement
for a higher data rate FAL system. Proposed improvements to the FAL laser transmitter to make more laser lines
available by using isotope gas mixtures would require a two-fold improvement in the angular resolution and
repeatability due to the increased selectivity required. The CO2 waveguide laser typically operates at tens of kHz
PRF; however in that case, high number multiple pulse averaging is typical, and broadband wavelength shift rates on
the order of 200-500 Hz are still applicable. The QCL type offers the advantage of small size even after the
necessary thermal controllers and power supplies are added to the transmitter volume. In order to realize the small
size potential of these relatively compact transmitters, an equivalently small tuner would be very desirable.
Importantly, a small tuner would allow for efficient close coupling to the external Fabry-Perot resonator. Present
tuners have volumes typically on the order of 600 cc, not including power supplies and ancillary electronics. What
is needed is a reduction in tuner volume by at least 50% while achieving the speed and position accuracy required
for an external resonator QCL. It is also very desirable to develop a tuner that is lightweight and electrically
efficient so that the overall package size and weight can be kept below 2 liters and 1 kg, respectively. Wavelength
tuning speed and precision are key to acquiring high fidelity target data upon which advanced detection algorithms
can operate. For example, in the case of LWIR standoff detection, atmospheric and target evolution effects can
induce significant data noise which can be alleviated to some extent by high laser PRF and wavelength tuning speed.
High data speeds provide for the possibility of fast and effective pulse averaging leading to fast algorithm
throughputs and reduced time to alarm.

PHASE I: Perform analysis and feasibility studies. Develop conceptual designs for the tuner including a means to
test and verify the performance. Provide a detailed development plan for design, fabrication, and testing of the
wavelength tuner to be carried out in the Phase II program.

PHASE 1II: Use the results of Phase I to design, fabricate, test and deliver a tuner prototype for demonstration with a
government-furnished laser. Provide a roadmap for the integration of the laser and tuner combination with a
government-furnished sensor.

PHASE III DUAL USE APPLICATIONS: The result of Phase II will be demonstration of a tuner that can be used
for rapidly interrogating chem-bio agents. In addition to immediate military applications, the tuner will find
widespread use in important civilian applications, including WMD (weapons of mass destruction) detection,
pollution monitoring, commercial manufacturing process monitoring, and commercial equipment that is necessary
for scientific and aerospace corporations.

REFERENCES:
1] D. Cohn, W. Griffin, L. Klaras, E. Griffin, H. Marciniak, J. Fox, C. Swim, "WILDCAT sensor", SPIE
Proceedings 4036, 210, Orlando, Florida, 24-25 (April 2000);

[2] D. Cohn, L. Klaras, J. Fox, C. Swim, "WILDCAT sensor design", Proceedings Fourth Joint Workshop on
Standoff Detection for Chemical and Biological Defense, Williamsburg, VA, 305, 26-30 (Oct 1998);

[3] D. Cohn, J. Fox and C. Swim, "Frequency agile CO2 laser for chemical sensing", SPIE Proceedings, Los
Angeles, California, vol. 2118, p 72, (Jan 1994).
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wave infrared laser transmitter, wavelength tuner, agile tuner, quantum cascade laser, CO2 waveguide laser, CO2
TEA laser, OPO shifted solid state laser
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Alla-T025 TITLE: Electrostatic Charge/Discharge Processes in Biological Aerosols

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

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: To develop a bioaerosol trigger based on electrostatic charge/discharge rates.

DESCRIPTION: The current generation of UV fluorescence based triggers for bioweapon detection systems are not
able to detect the complete spectrum of anticipated bioweapon attacks. Current biological warfare agent detection
systems within the chem/bio defense community depend on UV fluorescence to trigger a detection event. Most
biological agents possess a strong fluorescence signature that can be utilized both as a trigger and as a detection
mechanism. Once the BW agent aerosol enters a sensor and triggers the device with an appropriate fluorescence
signature, a series of confirming tests are performed to determine the presence or absence of a BW threat. Non-
fluorescent BW threats, however, pose a problem. Without an appropriate trigger, confirming tests are not
performed. Thus false negative responses can occur and may place personnel at risk. For non-fluorescent threats
other properties must be utilized to develop a working trigger. A trigger technology that can better detect non-
fluorescent threats is urgently needed.

A promising solution to this important problem is a trigger based on the electronic charging physics of aerosol
particles. Previous work has shown that aerosol particles exposed to an ionization source gain charge based on its
material properties. Evidence of charging events or changes in aerosol charge could be used as a trigger in a
bioaerosol detection system. Charging methods could potentially include corona discharge, charged air ions, UV,
X-rays, gamma rays, electron beams, and beta particles. To facilitate the development of a bioaerosol trigger,
aerosol charge signatures must be determined and the characteristic signatures of bioweapons identified.

Previous experiments on the charging of smoke and soot particles have shown that aerosol particles can be charged
by ionizing UV light. The UV photons were found to knock electrons off the surface of the aerosol particles in a
manifestation of the photoelectric effect. The amount of charge developed was found to be a function of the
material properties. Additionally, many charging process rates depend on a material’s electric permittivity. These
and other charging effects could be combined or isolated to detect the presence of spores.

Little is known about the charging and discharging process for biological spores. However, preliminary experiments
have shown that the charge/discharge rates for airborne microorganisms could be significantly different than the
charge/discharge rates of common airborne aerosols such as dust and smoke. An accurate experimental technique is
required to catalogue the charge/discharge characteristics of spores and common interferants, as well as to anchor
models. Physics based models are needed to support the experiment by predicting charge/discharge rates as well as
to extrapolate experimental results to the design of a trigger system.

PHASE I: Develop concepts for a diagnostic system to accurately measure the charging/discharging process of
biological spores and common atmospheric aerosols. Develop a model that simulates the expected rate of particle
charge and discharge for the same set of aerosols. Demonstrate the system’s feasibility through experiments or
detailed analysis. Estimate the error level of the data collected with the system.
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PHASE II: Build a charge/discharge diagnostic system, and verify its operation. Build a database of
charge/discharge rates for common atmospheric aerosols, as well as aerosolized bacterial spores. Determine rates
for particles alone and in mixtures with other particle types. Confirm model predictions for charge/discharge rates
with the experimental data. Analyze the database of charge/discharge rates and enumerate patterns that could be
used to detect aerosolized bacterial spores. Determine the ability of the system to detect aerosolized bacterial spores
in the presence of common airborne contaminants such as dust and smoke.

PHASE III DUAL USE APPLICATIONS: Further research and development during Phase III efforts will be
directed towards refining a final deployable design, incorporating design modifications based on results from tests
conducted during Phase II, and improving engineering/form-factors, equipment hardening, and manufacturability
designs to meet U.S. Army CONOPS and end-user requirements. An inexpensive system that can monitor for
bioaerosols suspended in air has numerous commercial applications.
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Al11a-T026 TITLE: Improve pyrotechnic smoke formulations that produce low flame

TECHNOLOGY AREAS: Chemical/Bio Defense, Ground/Sea Vehicles, 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: To develop an alternative to the existing hexachloroethane (HC) and terephthalic (TA) smoke
compositions that will produce a very low flame while maintaining a high smoke output. This composition should
be similar in high performance as the M8 HC Smoke Grenade but with much less toxic materials and less incendiary
hazards. New formulations should avoid hazardous materials to address toxicological concerns. HC smoke
grenades produces toxic products such as zinc chloride. Some flame reductions could be achieved through hardware
design, but improved chemical compositions are desirable. These devices intended for hand held devices to protect
personnel, specifically the M8, but can also find use in the vehicle launched M83 grenade as well. Desirable
specifications of the M8: provide a screen 3 meters high by 10 meters long; build up a cloud within 6 seconds,;
having a duration of at least 90 seconds. Current TA smoke is a much less toxic and less incendiary smoke but is
much lower in performance than the M8 HC smoke.

DESCRIPTION: Currently visible obscurant grenades employ high explosives configured as a center burster to
disseminate spherical powders. These devices offer very short dissemination periods, making it difficult to maintain
protection for the soldier and equipment. Pyrotechnic smokes are composed of active fillers that typically consist of
HC smoke mixtures (hexachloroethane/zinc) or TA smoke mixtures (terephthalic acid). In addition, Red
Phosphorus is widely used to generate long duration visible obscuration. For all pyrotechnic or burning devices,
there are many flame hazards associated with them that restrict their use. These items are avoided because they
start brush fires in outdoor applications. They are very difficult to use for indoor applications and create hazards for
personnel.

The following is a list of performance metrics of various visible smoke grenades.
1. Red Phosphorous (RP)

Yield factor of 4.8 at 10°C, 50% RH. Extinction (&) is 3.5m2/g, Pack Density 2.0, FOM=21
2. Hexachloroethane (HC)

Yield factor is 2.1 at 10°C, 50% RH. Extinction (&) is 3.9m2/g, Pack Density 1.9, FOM=7.4
3. Terephthalic (TA)

Yield factor is 0.28 at 10°C, 50% RH. Extinction (&) is 4.9m2/g, Pack Density 1.3, FOM=3.4

PHASE I: Develop alternative formulations that when reacted, produce a yield factor of at least 2.0. Yield factor is
the amount of grams airborne divided by the total amount of grams disseminate. New formulations should also have
material extinctions of at least 3.5m2/g in the visible wavelength region. Flame fronts reduction should be at least
50% the HC MS8 grenade, which is generally around 1ft at initiation. Ideally, no flame fronts are desired.
Demonstrate a concept that can produce a similar amount of smoke as the M8 without using HC that can give
Grenade Figure of Merit (FOM) of about 4.0. The FOM for a grenade would be the product of the extinction value,
fill fraction, packing density and yield. One possible solution would be to produce hydroscopic species that can
increase yield factors(FY). Improving the YF of the current TA smoke grenades (M83 and M90) from
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approximately 0.28 (or 28%) to something closer to the HC grenades will increase the Grenade Figure of
Merit(FOM). Improvement in the how to fill and pack devices will improve the fill fraction and packing densities.
New formulations should have higher than 4.0 extinction coefficients (with a high scattering component) in the
visible region and be less toxic than the current M8 HC Smoke Grenade. Edgewood Chemical Biological Command
(ECBC) has already focused on the ability to obtain a suitable reaction from the embedded chlorine with
environmentally friendly oxidizers, as well as looked at finding other suitable fuels to replace the zinc in the old HC
smoke composition. Tests can be performed at ECBC obscurant chamber to determine dissemination efficiency,
extinction values, temperature and burn rates. At least 5 devices with different formulations should be delivered to
ECBC for testing at the end of Phase I Toxicology is a complex and expensive field to evaluate. For Phase 1, a
literature search should be provided to compare any new formulation to the existing HC formulation. In reference
6, the 15 minute exposure for HC smoke is given as 10mg/m3.

PHASE II: Down select from the Phase I effort at least two formulations that show improvements in the grenade
figure of merit and reductions in flame fronts on the M8 size device. Refine the design into two fully-functioning
grenades. These must have the overall dimensions of the M106 or M8 handheld grenade. The second part of the
Phase II effort is to design and produce using the previous formulations a larger size device with the overall
dimensions of the M90 vehicle launched grenade. Scale up includes both hardware design and generation of
material. An analysis of how the increase container size and material fills will effect the smoke production and
dispersion. Finally, scale up production of the fill material and grenade hardware to be able to field test 60 (30 of
each M8 and M90 size) devices at ECBC outdoor field testing areas to demonstrate improvements in smoke
production (FOM) and flame reduction.

PHASE III DUAL USE APPLICATIONS: The grenades developed in this program can be integrated into current
military obscurant applications. Improved visual devices are needed to reduce current logistics burden in needing to
carry countermeasures to protect the soldier and his equipment. Other dual use applications include markers for
emergency rescue, signaling operations and aeronautic stunt planes. Improved dissemination techniques can be
beneficial for all powdered materials in the metallurgy, ceramic, pharmaceutical and fuel industries. Industrial
applications include electronics, fuel cells/ batteries, and solar energy.
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Alla-T027 TITLE: Nanofluidic Separation of Long DNA Molecules

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: Design, fabrication, and demonstration of an electrophoretic capillary nanofluidic integrated sensor
platform effective for the separation of biological molecules into different sizes for use in detection, identification,
and classification applications.

DESCRIPTION: Recently methods have been developed to rapidly separate long-strand polymers according to
length. The separation mechanism utilizes confinement-induced forces to separate the polymers into different size
fractions. Researchers have examined interfaces between regions of vastly different configuration entropy, where
small fragments can become trapped in favorable regions, but the larger fragments cannot completely enter due to
the large size. Researchers have also examined mechanical and/or field-induced dielectrophoretic DNA trapping
due to the surface roughness within nanopores and selective binding of nucleic acids to silica particles.

Nanofluidic separators hold the promise for rapid, inexpensive separation of DNA strands and other polymers into
fractions that are characterized by different polymer strand lengths. However, the work has been hampered by a
complete understanding of the transport behavior of long and short DNA strands in nanochannels. This topic seeks
to address transport phenomena in micro and nano channels with the goal of building better separation devices.

PHASE I: Examine the transport behavior of long and short DNA strands in fused silica nanochannels with the
application of electrical fields of different strengths. Examine mechanical and/or field-induced dielectrophoretic
DNA trapping due to the surface roughness within the nanochannels. Examine areas within the nanofluidic channels
with induced interfaces between regions of vastly different configuration entropy. Examine methods for utilizing
DNA transport in nanochannels as a method for separating the DNA into fractions of differing length.

PHASE II: The Phase II effort of the program should build and test a functioning nanofluidic separation platform.
The research and development work should include an assessment of the prototype’s ability to separate relevant bio-
materials and/or bio-agent targets into fractions according to length. The prototype nanofluidic sensor platform
should be packaged in a form factor that readily interfaces with spectroscopy systems. The separation system should
allow for stand-alone operation with fluidic and electrophoretic control that is self-sustained to facilitate a
transparent operation by the user.

PHASE III DUAL USE APPLICATIONS: Further research and development during Phase III efforts will be
directed towards refining a final deployable design, incorporating design modifications based on results from tests
conducted during Phase II, and improving engineering/form-factors, equipment hardening, and manufacturability
designs to meet U.S. Army CONOPS and end-user requirements. Specifically improved nanofluidic separation will
have relevance to scientific studies on biological materials and structures, to the detection and identification of
biological threats, to medical diagnostics of biological induced diseases, to the monitoring of commercial
consumables for biological contamination, just to name a few possibilities.
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Al1a-T028 TITLE: Infrared Optical Properties of Liquids on Surfaces

TECHNOLOGY AREAS: Chemical/Bio Defense, Information Systems, Sensors

OBJECTIVE: To develop a quantitatively accurate, physics-based model for predicting and interpreting infrared
(IR) reflectance and emittance spectra of surfaces contaminated with liquids. Emphasis will be on modeling the
reflectivity of irregular surfaces and surfaces composed of granular materials in the long wavelength infrared
(LWIR, 800 to 1200 wavenumber) spectral region.

DESCRIPTION: Detection of liquid contaminants on surfaces is a high priority within the Joint Service Chemical
and Biological Defense community. New methods are required to protect DOD personnel from exposure to
persistent chemical agents by providing early warning and mapping of contaminated areas. Standoff detection
methods based on IR spectroscopy using both IR reflectance and emittance have shown promise in providing wide-
area surveillance for contaminated areas; however, IR reflectance and emittance spectra are complex and not easy to
analyze. A new suite of physics-based modeling tools will facilitate the development of the next generation of
standoff sensor for detecting and mapping persistent agents on surfaces.

The reflectivity of liquid-contaminated natural surfaces is generally not well described using simple reflectance
models. Microscopic masking and shadowing effects are generally not accounted for in many models of surface
reflectivity. It is typically necessary to treat natural surfaces as a collection of randomly-oriented facets in order to
address masking and shadowing effects. Many natural surfaces are highly irregular, and incident light undergoes
multiple reflections prior to exiting the medium. Effective models for granular media treat the material as a
collection of particles with wavelength-dependent scattering albedos in order to address multiple scattering effects.
Thin film models of LWIR surface reflectance generally presume a single reflection from a contiguous surface. For
granular media, where particle sizes are comparable to the wavelength of incident light, and for solid surfaces which
are rough on the length scale of the incident wavelength, diffraction effects are significant and need to be included in
the reflectance model. For liquids which are well dispersed in the surface medium, the reflectivity of the
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contaminated medium may be better modeled in terms of a volumetrically-averaged refractive index rather than as
discrete layers of materials with differing refractive indices. The appropriate model depends on the length scale of
the internal surface roughness/particle size.

PHASE I: Utilize modeling techniques to analyze IR reflectance and emittance data from thin layers of a non-
volatile liquid simulant that have been applied to a variety of natural and man-made surfaces. Data analysis of the
LWIR region will be emphasized. For this study, the stimulant will consist of a low-volatility silicon-based oil with
strong absorption features in the 800 to 1200 wavenumber region. Surfaces should include dirt, sand, grass,
concrete, and asphalt. Identify gaps in existing models and determine methods for improvement of existing models.

PHASE II: Develop a physics-based model that can be used to predict the IR signature of a liquid stimulant on
surfaces. The physics-based model should depend on the physical properties of the liquid contaminant, including
complex index of refraction, vapor pressure, viscosity, etc. Design and build a computer program for prediction and
automated data analysis of the spectral response of liquid contaminants on surfaces. Demonstrate ability to the new
model to predict and analyze the IR signature of the simulant on a variety of surfaces. Using the physics-based
model along with the known physical properties of persistent chemical agents, predict the spectral response of the
liquid agents on a variety of surfaces and predict the utility of IR reflectance and emittance measurements as a
method of detecting low-level contamination.

PHASE III DUAL USE APPLICATIONS: Further research and development during Phase III efforts will be
directed toward refining a final working model, incorporating modifications based on results from simulations and
tests conducted during Phase I, and improving packaging and graphic interfaces to meet U.S. Army CONOPS and
end-user requirements. The fundamental mathematical, computational, and statistical tools developed in this
program will have broad impact across several avenues of defense applications. Examples include sensor,
intelligence, biological, logistical, and other DOD-critical applications. Commercial applications of IR imaging
include pollution monitoring and mineral exploration.
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Al11a-T029 TITLE: Nanoparticle Technology for Minimally-invasive Delivery of DNA Vaccines

TECHNOLOGY AREAS: Chemical/Bio Defense, Biomedical

OBJECTIVE: Develop an innovative, minimally-invasive and efficient DNA vaccination delivery platform using
nanotechnology

DESCRIPTION: Endemic, emerging and genetically engineered pathogens pose great risk to deployed military
personnel. Although vaccination is the single best means for preventing infectious diseases, conventional vaccine
development methods, which require attenuation or inactivation of dangerous pathogens, are not amenable to the
rapid development of novel vaccines or for production of multiagent vaccines. In contrast, DNA vaccines can be
rapidly engineered, readily combined and present minimal safety risks. Despite these attributes, DNA vaccines face
a number of challenges before they can realize their full potential. A key obstacle for mass vaccination with DNA is
the absence of an effective and tolerable delivery method. Delivery has remained problematic because it is essential
that the DNA enter host cells in order for it to generate immunogenic proteins. The most commonly used method of
delivery, needle injection into muscles, results in poor immune responses because the DNA is deposited into
intracellular spaces and is not efficiently taken up by the host cells. Other methods, which more effectively deliver
the DNA to cells are still inadequate or are too invasive for general use. For example, gene gun delivery requires the
DNA vaccines to be coated onto microscopic gold beads that are dispensed into skin cells by gas propulsion.
Although this method results in deposition of the DNA directly into cells, only a very small quantity of DNA can be
delivered at one time; thus, this method is not well-suited for delivering multiple DNA vaccines. Another method,
intramuscular electroporation, involves injecting the DNA then quickly applying short electrical pulses to the
delivery site. The electrical charge causes temporary pores to form in cellular membranes and facilitates uptake of
the DNA vaccines. Electroporation has been found to greatly improve immune responses to DNA vaccines as
compared to injection alone, and it allows for delivery of larger quantities of DNA in a single dose; however,
intramuscular electroporation is more invasive and painful than is desirable for routine vaccination. In order to
advance DNA vaccine technology, a novel and innovative delivery approach that is more tolerable, yet still effective
is needed. Recent advances in nanotechnology provide one promising path toward efficient intracellular delivery of
DNA vaccines. Several methods have been reported in the last few years for manufacturing stable nanoparticles that
can incorporate biomaterials such as proteins or DNA. Because of their extremely small size and chemical
composition, these particles are able to readily penetrate cells to deliver DNA to the cytoplasm or nucleus of cells.
Further research and development is required to identify and manufacture safe, reproducible and stable nanoparticle-
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DNA vaccines that can be delivered in a minimally invasive manner to animal models, and ultimately to humans.
The optimal vaccine platform would consist of nanoparticles containing sufficient DNA to elicit a desired immune
response after minimally-invasive delivery. Further, the nanoparticle components should be acceptable for use in
humans. A marginally successful outcome would provide nanoparticles containing DNA that are able to elicit
superior immune responses as compared to those achieved with standard DNA vaccines delivered in solution by
intramuscular injection.

PHASE I: This Phase will demonstrate the feasibility of generating nanoparticles containing functional DNA
vaccines using components suitable for human use.

PHASE II: In this Phase, the nanoparticle vaccine platform developed in Phase 1 will be validated with DNA
vaccines of interest to the military in an appropriate animal model. Immune responses to the vaccine of interest will
be characterized. This phase will involve further refinement of the nanoparticle manufacturing technology, such that
the nanoparticles can be demonstrated to be stable and consistent, and to be capable of delivering two or more DNA
vaccines to skin using a minimally-invasive method.

PHASE III DUAL USE APPLICATIONS: The resultant vaccine technology would be of value to both military and
civilian populations for preventing infectious diseases. The technology would provide a means to administer several
vaccines in a single dose, with low or no pain; thus, increasing tolerability and decreasing vaccination burden.
Examples of vaccines that would be of dual use for civilian and military populations include: trivalent vaccines for
Venezuelan, eastern and western equine encephalitis; bivalent vaccines for hemorrhagic fever with renal syndrome;
quadravalent vaccines for Dengue hemorrhagic fever; and multigene vaccines for malaria. The technology would
also provide both civilian and military populations with a path toward rapid response to unknown, emerging, or
genetically engineered pathogens. Spin-off technologies would include further improvement in equipment and
biologics required for manufacturing the DNA and nanoparticles. Transition to use in the military and to civilian
populations would most likely involve acquisition of the technology by a large Pharmaceutical Company interested
in producing commercially viable vaccines for civilian and military use.
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Al1a-T030 TITLE: Specific Epigenetic Molecules Involved in Wound Healing and Repair

TECHNOLOGY AREAS: Biomedical
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OBIJECTIVE: Using a wound/repair animal model that is relevant to humans, elaborate the mechanism by which the
various molecules involved in wound healing and repair (e.g. Polycomb Gene Group Proteins and associated
demethylases) induce the repair transcriptome (including cell-cycle regulators, matrix molecules, integrins,
proteases and antioxidant enzymes). Use the finding to develop diagnostic tests that assess the progress of wound
repair and develop a plan for novel therapies that will enhance recovery.

DESCRIPTION: Wound and tissue repair and restoration is of critical importance to the returning warfighter.
Approaches to repair are actively being studied using stem cell biology and engineering. Epigenetic approaches
have great potential but to date are not being actively investigated in the context of wound healing and repair.
Epigenetics refers to changes in phenotype (appearance) or gene expression caused by mechanisms other than
changes in the underlying DNA sequence, hence the name epi- (Greek: over; above) -genetics. These changes may
or may not remain through cell divisions. However, there is no change in the underlying DNA sequence of the
organism; instead, non-genetic factors cause the organism's genes to behave (or "express themselves") differently.
The ability to direct the wounding/acute response/inflammatory/immune, repair and regenerative pathways
following injury could provide a critical path in wound care for the individual at crucial time(s) in the process.
Epigenetic changes can be induced in a number of ways. DNA methylation and post-translational modification of
histones are the most widely studied examples. Additional small molecules can participate in epigenetic processes
by covalent modification of histone proteins including acetylation, ubiquitylation, phophoylation, etc. The ability of
small noncoding RNA molecules to induce epigenetic changes is also being increasingly studied. More recently, it
has become clear that epigenetic mechanisms are used to respond to changes in the cell nucleus during development
and more recently during wound healing and repair. Additional investigation into the molecular details of epigenetic
changes during wound healing and repair may shed additional light on this process and inform us on ways to better
treat the wounded warfighter immediately and during recuperation.

PHASE I Phase 1 would comprise the identification of small molecules that would initiate, propagate, or sustain
repair and or resilience of particular cells or tissues following injury or during embryogenesis. Initial focus could be
on the Polycomb Group Protein model to understand the various genes and proteins involved in the repair process,
but does not have to be limited to this model.

PHASE II: Phase II would identify candidate molecules that could be pursued in animal models. These molecules
could be used as diagnostic tools to assess the quality of repair and developed in assays to evaluate therapeutic
molecules.

PHASE III DUAL USE APPLICATIONS: This phase would provide proof of principle in animal models including
one non rodent species. This phase would involve a required pre-meeting with the FDA.
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Al1a-T031 TITLE: Development of Diffusion Tensor Imaging (DTI) Phantoms to Enhance the
Diagnosis of Moderate Traumatic Brain Injury (TBI)

TECHNOLOGY AREAS: Biomedical

OBJECTIVE: Traumatic Brain Injury (TBI) is one of the hallmark injuries of the current conflicts in Iraq and
Afghanistan. The primary source of these injuries is exposure to blast from Improvised Explosive Devices (IEDs).
TBIs have a wide spectrum of sequelae associated with them. While severe TBIs are rapidly identifiable (many are
skull penetrating), mild and moderate TBIs are much more difficult to detect and diagnose. Indeed, much of military
medical research is devoted towards understanding these subtle injuries. Mild and moderate and TBIs are suspected
in Post Traumatic Stress Disorder, seizures and even in Alzheimer’s disease and Parkinsonism. Diffusion Tensor
Imaging is a subset of Magnetic Resonance Imaging (MRI) technology, which many Radiologists, Medical
Physicists and Clinicians hypothesize could be a key tool towards unraveling the pathological nature of mild and
moderate TBIs. One of the major challenges precluding this technique from wider acceptance as a tool for TBI
detection and diagnosis is the lack of data acquisition and instrumentation standards between manufacturers and
researchers. Standards or tools that could be used to calibrate measurements between operators and instrumentation
would greatly increase our knowledge of TBIs. It would enable more direct comparisons between datasets acquired
at differing medical institutions. It would also help to standardize long-term instrument performance at a given
institution. This would reduce the amount of noise within single datasets and empower their standalone statistical
significance. This topic seeks Research, Development, Test and Evaluation funds to develop MRI phantoms for DTI
in order to provide a means of calibrating MRI scanner performance across multiple research facilities. This would
greatly enable the meaningful analysis and sharing of complex TBI patient datasets. As a result, it would great help
move the field towards imaging biomarkers for these injuries.

DESCRIPTION: The human brain is perhaps the most complex information management and processing system
ever created. It is also arguably one of the most fragile. Despite centuries of study, our understanding of how the
structure of the brain is altered in response to the pathologies of disease and injury is still in its infancy. Traumatic
Brain Injury (TBI) research is a high priority for today’s military since these injuries are often seen currently seen in
theater. Many of these are the result of exposure to Improvised Explosive Devices (IEDs).

High performance medical imaging techniques have enabled our understanding of diseases and pathologies such as
stroke, multiple sclerosis and Parkinsonism (1-3). Techniques such as Computed Tomography (CT) and MRI also
have been used to understand severe TBIs (4); however it has become clear that these conventional anatomical
imaging methods in their current forms offer little towards understanding the full nature of mild and moderate TBIs.
One novel technique currently under evaluation for its potential to evaluate mild and moderate TBIs is Diffusion
Tensor Imaging (DTI), a subset of MRI. In DTI, the alterations in the microenvironments in brain, such as in
neuronal fibers can be detected by changes in the diffusion properties of water. While Levin et al. (6) present
evidence that DTI could be of limited use for mild and moderate TBIs, several other reports show that DTI offers the
potential to identify imaging biomarkers of these injuries (7-8). A recently hosted DTI workshop identified some of
the major bottlenecks towards improving the sensitivity and specificity of DTI (9). Improving the sensitivity and
specificity was identified as a key component towards addressing the efficacy of this technique to identify injuries
associated with mild and moderate TBIs. One strategy towards boosting the sensitivity and specificity of this
technique is to acquire DTI-specific phantoms, which would be used to standardized instrumentation and acquisition
parameters. This standardization is envisioned not only to be used across institutions; but as an internal standard
across large patient cohorts acquired at a single site. The latter point is very important since dataset homogeneity is
required to enhance any potential signal associated with very subtle differences in brain anatomy that may be
attributable to mild or moderate TBI. MR scanner performance is well known to require occasional calibration.
Secondly, standardization across multiple instruments and facilities will allow for sharing of datasets. This, in turn,
would greatly increase the statistical power of these measurements. This topic therefore seeks the development of
DTI phantoms for performance standardization of MR scanners. The ability to calibrate the performance of MR
scanners to specifically perform DTI undoubtedly will reduce systematic errors associated with the acquisition of
DTI datasets.

PHASE I: The intent of this effort is to develop DTI phantoms that will mimic axonal integrity and water/dye
diffusion through axons. Preliminary validation is expected at the end of Phase I. A validation plan should be
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presented as part of the proposal. The primary emphasis of the validation should pertain to the data acquisition chain
in DTI rather than post processing.

PHASE II: The selected proposal will outline a plan by which the prototype will be fully validated on a minimum of
two different MRI scanners made by different manufacturers. The scanners used must be clinical scanners with data
acquisition packages that are cleared for routine use by the FDA or local IRB. It is expected that as part of the
validation process, the initial prototype will be refined. The validation plan should include a robust discussion of
how improvements in data acquisition will be quantified. The end product of this development cycle is expected to
generate a reproducible, complete phantom for DTI image acquisition standardization. The finished phantom
prototype will be tested for a series of three reproductions of the prototype phantom. The selected proposal will
outline a plan by which quality assurance for this low-scale initial production can be accomplished. It is expected
that this plan will be similar to the original validation for the early prototype and will use multiple scanners of
different manufacturer makes.

PHASE III DUAL USE APPLICATIONS: In addition to improving our knowledge of combat-induced imaging
biomarkers for mild and moderate TBI, other diseases such as Multiple Sclerosis and Parkinsonism would also
benefit from the use of these phantoms. Standardizing the performance of MRI scanners for DTI could reveal subtle
imaging-related clues regarding the onset of these diseases at their earliest stages. Phase III of this solicitation
would therefore consider how these devices could advance our knowledge of imaging biomarkers for these diseases
in a clinical setting. Other neuropathological diseases would be considered as well. The ultimate goal for this phase
will be to validate a DTI imaging protocol for any proposed neurological or neuropathological insult that the offeror
wishes to study outside of mild and moderate TBI.
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Al1a-T032 TITLE: Advanced Autonomy and Operator Interfaces for Complex Robotic Systems

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

OBJECTIVE: The objective of this topic is to develop autonomous capability for robots with human-like dexterity
to perform complex tasks for medical applications.

DESCRIPTION: Current low-dimensional robots are directed by human operators using operator control units
(OCUs) such as hand controllers that send a continuous stream of commands to the end-effector to follow a desired
trajectory. This “teleoperation” control strategy places a significant cognitive load on the operator, which grows
exponentially as the number of degrees of freedom (DOF) of the robot increases (Lane et al., 2001). For example, a
humanoid robot such as the Battlefield Extraction and Assist Robot (BEAR) has over 20 degrees of freedom
(Atwood and Klein, 2010), as opposed to the manipulator on a Talon or Packbot robot that has three DOFs
(Yamauchi, 2004). NASA’s Robonaut is another example of complex robotic system that is difficult to teleoperate
(Ambrose et al., 2000). Difficulties encountered in coordinating operations with the remotely operated vehicles
(ROVs) used to cap the gulf oil leak also highlight the need for a better control strategy than simply using joysticks
(Schneider, 2010).

An additional consideration is that as the operator workload increases, the ability to control the robot slows down
considerably, which may jeopardize mission performance. Current operator interfaces are simply not suitable for
directing higher dimensional robots with human levels of capability. In order to reduce the operator workload and
speed up robot performance, the level of interaction between operator and robot must be elevated from teleoperation
to at least semi-autonomous control. At this level, the operator may direct the robot through gesturing or issuing
voice commands. The cadre of advanced interfaces may also include non-invasive brain machine interfaces such as
electroencephalography (EEG) that can decipher user intent based on “brain waves” (Bradberry et al, 2010). This
level of command requires additional development of novel operator interfaces coupled with significantly enhanced
autonomy embedded within the robot itself. In particular, an advanced semi-autonomous goal-directed task planning
and execution system is needed for effective operation of high degree of freedom robots.

While academic research on humanoid robots has produced motion planners capable of handling many degrees of
freedom and complex situations, these planners require too much computation time, and are vulnerable to the
disturbances that occur in unstructured environments. For example, task planners based on waypoints have been
developed for unmanned aerial vehicles (UAVs), but these place significant limitations on maneuver detail even
with relatively few degrees of freedom (Bowen et al., 2003). New approaches are needed that are capable of quickly
generating, executing, and modifying plans for high degree-of-freedom robots in unstructured environments
(Murphy, 2004). Users should be able to specify goals at a high level, such as reaching a goal state. For example, the
operator should be able to simply point to the objects in their current location and tell the robot that they should be
stacked in a new location, which is pointed to by the operator. Ideally, with this approach, no explicit OCU is
required at all. The operator directs the robot through gestures and speech.

This type of operator control interface represents a revolutionary advancement over the current situation, in which
one or more operators must devote their full attention (and use both hands) to interact with a briefcase-sized OCU.
Freeing operators from having to use such large and attention-intensive OCUs would make the robots more
accessible to soldiers in the field, and to other personnel that are not trained to use OCUs. The autonomy system
should automatically take advantage of spatial and temporal goal flexibility to enhance robustness and energy
efficiency. The task execution system should incorporate necessary sensing and state estimation capabilities. This
might include local terrain sensing vision or LIDAR systems to support locomotion, and stereo or time of flight
vision and touch sensors to support manipulation.
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PHASE I. Conduct survey of robots with human-like mobility and dexterity being developed for medical
applications. Develop operator interface design concepts that translate functional robot requirements into
implementable task strategies. Develop an animated computer model of the robot and software emulation of
operator interface(s) along with medically-relevant operational tasks. The prototype model should be capable of
demonstrating a humanoid robot performing high level tasks using minimal user-operator intervention. Develop a
complete plan for a Phase II proof of concept demonstration and model validation of the new operator interface and
autonomous control.

PHASE II: Build and demonstrate a working prototype Joint Architecture for Unmanned Systems (JAUS) compliant
robot control unit that implements execution of high level tasks on two systems: (1) the CAD software model
developed in Phase I, and (2) a humanoid robot hardware prototype of the proposer’s choice. JAUS standards and
documentation can be found at References 11-13. The prototype control unit should be capable of demonstrating
key elements of Army medical robotic tasks such casualty extraction, e.g., lifting a payload and placing it in a
desired location using minimal user-operator invention. At least semi-autonomous operation must be demonstrated
with the goal of maximum autonomy.

PHASE III DUAL USE APPLICATIONS: Produce a ruggedized, deployable prototype control unit ready for
demonstration and limited operational testing on a humanoid robot used in military and civilian emergency response
scenarios, such as recovering injured personnel in mine, construction site and nuclear power plant accidents;
chemical spills; fire fighting, terrorist, hostage situations; and, in police response to situations involving armed
suspects. Commercialization of this technology could potentially save many lives among military and civilian
emergency medical personnel, as well as among the targeted casualties and injured persons.
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Al11a-T033 TITLE: Terrain-Dependent Driving Control for Medical Robots and Mobility Assist
Devices

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

OBIJECTIVE: Develop autonomous terrain classification and driving control systems that enable medical robots and
mobility assist devices to safely negotiate various types of terrain. Applications would include casualty
assessment/extraction robots, chem/bio-hazard detection robots, and electric-powered wheelchairs.

DESCRIPTION: The military is currently developing several robotic platforms for casualty triage/assessment,
casualty extraction, medical resupply, and chemical/biological hazard detection that require navigation of hazardous
terrain such as steep inclines, ice, mud, and loose gravel. These conditions can cause wheel/track slippage, sinkage,
or in the worst case, overturn, resulting in end of mission. Hazardous terrain may also threaten electric-powered
wheelchairs (EPW) and other mobility aids for wounded warriors and disabled veterans. Developing a driving
control system that can reliably detect hazardous terrain and then implement safe driving control strategies would
therefore be of great benefit to the military.

To accomplish these objectives, two systems will need to be developed: (a) terrain sensing and classification system,
and (b) terrain-dependent driving control system. The terrain classifier would identify the type of terrain (sand,
grass, gravel, mud) based on visual and/or tactile sensory input. The robot control system would then make
appropriate adjustments to driving parameters such as speed, acceleration, turning radius, and braking to avoid loss
of control. Additional sensors may need to be retrofitted to the robot’s drive system to enable closed-loop control of
the drive system.

Terrain classification falls into two basic approaches: visual and tactile. Many autonomous ground vehicles
developed for the military use vision-based approaches employing cameras and LIDAR [1]. While visual methods
have been effectively showcased in events such as the DARPA Grand Challenge [2] and even on the surface of Mars
[3], their performance can be greatly diminished under wet/snowy conditions, superficial ground coverings, and
shadows. In addition, vision approaches may also have difficulty distinguishing between surfaces that look similar
but have different texture, such as dirt versus mud.

Alternatively, tactile approaches employ vibration sensors and measurements for slip estimation. Vibration methods

are robust with respect to climatic conditions and ground coverings and are naturally able to sense the roughness in
terrain that will directly affect driving control [4]. However, they cannot “look™” ahead like cameras to anticipate
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dramatic changes in conditions such as an icy patch on the road. Slip estimation is often used to distinguish between
wet and dry conditions, but implementation is challenging [5,6]. The most effective terrain classification system
might therefore combine both visual and tactile approaches.

Off-road driving experts have developed substantial lists of terrain-dependent driving rules in several sources to
improve driving safety and efficiency on potentially hazardous surfaces such as snow, ice, mud, and loose gravel
[7,8,9]. The main strategy behind these rules is to reduce wheel slip and thereby improve traction. The “Terrain
Response” system used on the Land Rover LR3 and Freelander commercial vehicles [10] uses low-level, terrain-
dependent feedback to prevent slipping via traction control and the anti-lock brake system (ABS). The operator
selects from one of five modes (everyday, grass/gravel/snow, mud/ruts, sand, and rock crawl), which are then used
to alter settings on the engine throttling, ABS, transmission, differentials, and traction/stability control systems. A
substantial body of additional research has been conducted in the academic community on terrain-dependent traction
control and ABS [11,12].

The Army has a demonstrated clear need for terrain-dependent driving control in medical robotics and assistive
device applications. Such a system would significantly reduce risk and increase the probability of mission success.
Recent advances in sensor technology, particularly in lasers/LIDAR and piezo-electric chips, have not only made
deployment of terrain-dependent driving control feasible, but economically viable as well. This project is an initial
step toward that goal.

PHASE I: Determine the types of hazardous terrain that must be navigated by medical robots and mobility assist
devices such as electric-powered wheelchairs. Identify terrain classification features that will allow safe passage
across hazardous terrain. Design a preliminary terrain classification system and identify the sensors required.
Conduct a literature survey of driving control rules for off-road vehicles and identify key driving control strategies
that could be implemented in medical robotics applications. Develop a research plan for Phase I1.

PHASE II: Develop, integrate, and test terrain-dependent Joint Architecture for Unmanned Systems (JAUS) driving
control on both a two-wheel drive mobility assist device (e.g., EPW) and a four-wheel drive medical robots. JAUS
documentation and specification can be found at Referenced 13-15. Collect data to determine how these robots
perform on different terrains and surfaces under different conditions including speed, turning radii, and acceleration.
Use the collected data to determine driving rules for different terrains and integrate into the robot control system.
Collect vibration and slip estimation data on a variety of terrains and surfaces at multiple speeds. Tune the terrain
classifier for terrain-dependent control, and configure the terrain classifier for multiple speeds and loads. Develop a
commercialization plan for Phase III.

PHASE 1III DUAL USE APPLICATIONS: Assist the Army in transitioning and implementing the terrain
classification and terrain-dependent driving control systems in two commercial applications: a four-wheel drive
robot and electric-powered wheelchairs. Develop and market an inexpensive commercial version of the terrain
classification and driving control systems for deployment on passive wheelchairs.

REFERENCES:

[1] A. Angelova, L. Matthies, D. Helmick, and P. Perona, “Fast terrain classification using variable-length
representation for autonomous navigation,” Proceedings of the IEEE Computer Society Conference on Computer
Vision and Pattern Recognition, pp. 1-8, June 2007.

[2] J. Markoff: "Crashes and Traffic Jams in Military Test of Robotic Vehicles”, New York Times, Nov. 5, 2007,
http://www.nytimes.com/2007/11/05/technology/05robot.htm? r=1

[3] I. Halatci, C. A. Brooks, and K. Iagnemma, “Terrain classification and classifier fusion for planetary exploration
rovers,” Proc. of the IEEE Aerospace Conference, pp. 1-11, March 2007.

[4] K. Tagnemma, K. and S. Dubowsky, “Terrain estimation for high speed rough terrain autonomous vehicle
navigation,” Proc. of the SPIE Conf. for Unmanned Ground Vehicle Technology IV, Orlando, Florida, 2002.

[5] A. Angelova, L. Matthies, D. Helmick, and P. Perona, “Learning and Prediction of Slip from Visual
Information,” Journal of Field Robotics, Vol. 24, No. 3, pp. 205-231, 2007.

ARMY - 56



[6] D. Helmick, A. Angelova, and L. Matthies, “Terrain Adaptive Navigation for Planetary Rovers, Journal of Field
Robotics, Vol. 26, No. 4, pp. 391-410, 20009.

[7] B. Delong, 4-Wheel Freedom: The Art of Off-Road Driving, Paladin Press, Boulder, CO, 2000.
[8]J. Allen, Four-Wheeler's Bible, MotorBooks, St Paul, MN, 2002.

[9] C. Ordonez, and E. G. Collins, Jr., “Rut Detection for Mobile Robots,” Proc. of the IEEE 40th Southeastern
Symposium on System Theory, New Orleans, LA, pp. 334-337, March 16-18, 2008.

[10] D. Vanderwerp, "What Does Terrain Response Do?", http://www.caranddriver.com/features/9026/ whatdoes-
terrain-response-do.html 2005.

[11] J. Van Der Burg and P. Blazevic, “Anti-lock braking and traction control concept for all-terrain robotic
vehicles,” Proceedings of the IEEE International Conference on Robotics and Automation, Albuquerque, New
Mexico, 1997.

[12] P. Khatun, C. M. Bingham, N. Schofield, and P. H. Mellor, “Application of fuzzy control algorithms for
electric vehicle antilock braking/traction control systems” IEEE Transactions on Vehicular Technology, Vol.52, No.

5, pp. 1356-1364, 2003.

[13] Joint Architecture for Unmanned Systems (JAUS) Documentation: http://www.openjaus.com/support/jaus-
documents

[14] JAUS Transport Specfication: http://standards.sae.org/as5669a/

[15] Society of Automotive Engineers (SAE) Standard AS5669, JAUS/SDP Transport Specification:
http://sae.nufu.eu/std/AS5669

KEYWORDS: casualty extraction, robotics, vibration sensors, hazardous terrain, terrain classification, driving
control

TPOC: Michael Beebe

Phone: (301) 471-3567

Fax: (301) 619-2518

Email: Michael.beebe@tatrc.org

2nd TPOC: Gary Gilbert

Phone: (301) 619-4043

Fax: (301) 619-7968

Email: gary.r.gilbert@us.army.mil

Alla-T034 TITLE: Cell Culture Approaches to Generating Brown Adipose Tissue for Autologous

Transplantation

TECHNOLOGY AREAS: Biomedical

OBJECTIVE: The objective of this topic is to develop an in vitro culture approach to generating the approximately
50 grams of brown adipose tissue or brown fat from autologous cells that could be used for re-implantation and
prevention or treatment of obesity. Brown fat appears to arise from a progenitor cell that preferentially differentiates
into white fat. Under certain conditions these progenitor (or pre-progenitor) cells can be induced to differentiate into
brown fat. Factors that have been implicated in this pathway include cold exposure, cytokines, adrenergic
modulation, enzymes, growth factors and specific phosphorylation pathways.
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DESCRIPTION: Obesity along with its metabolic concomitant condition, diabetes are becoming increasingly
prevalent in the general population as well as the military. Increasingly personnel are being rejected for these
factors or need to be deferred later because of acquired obesity during service. Brown fat is a primary site of energy
expenditure through thermogenesis that is mediated by the uncoupling protein-1 located in mitochondria. Brown fat
is present in mammals especially in babies and during hibernation. Human adults have also been shown to have
brown fat (1,2). The present project seeks proposals that will use easily accessible cells from a given individual to
generate brown fat for re-implantation in that same individual. The approach would help the overweight and obese
by boosting energy metabolism and thus making weight loss and maintenance feasible. Increasing brown fat in rats
in amounts comparable by weight to the 50 grams of brown adipose for humans noted above resulted in the body
weights being 20% lower than that of normal animals. Even on a calorie-rich diet the animals did not put on weight.
(3). A number of approaches have been utilized to study brown fat.

PHASE I Conduct a detailed design and feasibility study to define a prototype source and culture system for the
generation of brown adipose tissue. The source of cells should be readily available, for example in a subcutaneous
fat or muscle biopsy or circulating blood (3-6). Cell culture systems should be consistent with a smooth transfer to
the clinic through ethical, legal, social, and regulatory constraints. No human or animal use studies should be
conducted during this phase.

PHASE II: Based on the detailed design of phase I, a prototype system shall be fabricated and demonstrated during
Phase II. The performance of the prototype should be quantitatively tested and characterized. The evaluation data
will be used to refine the initial prototype, improve its performance and validate improvement and potential
performance using militarily relevant procedures. FDA will be approached to determine requirements for clearance
should a given system prove efficacious in animal experiments. The product will be a patentable system to generate
brown adipose tissue.

PHASE III DUAL USE APPLICATIONS: Animal studies consistent with FDA input progressing to phase I/I
human studies will be performed in this phase. It is expected that this work will set the stage for a pivotal trial of
this approach to obesity/overweight.
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