DEFENSE ADVANCED RESEARCH PROJECTS AGENCY
FY2009.2 SBIR Proposal Submission

DARPA’s mission is to prevent technological surprise for the United States and to create technological
surprise for its adversaries. The DARPA SBIR and STTR Programs are designed to provide small, high-
tech businesses and academic institutions the opportunity to propose radical, innovative, high-risk
approaches to address existing and emerging national security threats; thereby supporting DARPA’s
overall strategy to bridge the gap between fundamental discoveries and the provision of new military
capabilities.

The responsibility for implementing DARPA’s Small Business Innovation Research (SBIR) Program
rests with the Innovative Research Office.

DEFENSE ADVANCED RESEARCH PROJECTS AGENCY
Attention: DIRO/SBIR/STTR
3701 North Fairfax Drive
Arlington, VA 22203-1714
(703) 526-4170
Home Page http://www.darpa.mil

Offerors responding to the DARPA topics listed in Section 8.0 of this solicitation must follow all the
instructions provided in the DoD Solicitation Instructions preface. Specific DARPA requirements in
addition to or that deviate from the DoD Solicitation Instructions are provided below and reference the
appropriate section of the DoD Solicitation Instructions. All proposals must be submitted electronically
through the DoD SBIR Web site at http://www.dodsbir.net/submission by the submission deadline.
Proposals provided in hard copy or via e-mail will not be accepted. In addition, all topics are
UNCLASSIFIED and only UNCLASSIFIED proposals will be accepted.

SPECIFIC DARPA REQUIREMENTS:

2.15 Foreign National

DARPA topics are unclassified; however, the subject matter may be considered to be a “critical
technology” and may be subject to ITAR restrictions. If you plan to employ NON-U.S. Citizens in the
performance of a DARPA SBIR contract, please inform the Contracting Officer who is negotiating your
contract. See Export Control requirements below in Section 5.

3.7 Phase 11 Proposal Format

DARPA Program Managers may invite Phase | performers to submit a Phase Il proposal based upon the
success of the Phase | contract to meet the technical goals of the topic, as well as the overall
merit based upon the criteria in section 4.3 of the SBIR 9.2 solicitation. Phase Il proposals will be
evaluated in accordance with the evaluation criteria provided in Section 4.3. Due to limited funding,
DARPA reserves the right to limit awards under any topic and only proposals considered to be of superior
quality will be funded.

4.0 Method of Selection and Evaluation Criteria

The offeror's attention is directed to the fact that non-Government advisors to the Government may
review and provide support in proposal evaluations during source selection. Non-government advisors
may have access to the offeror's proposals, may be utilized to review proposals, and may provide
comments and recommendations to the Government's decision makers. These advisors will not establish
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final assessments of risk and will not rate or rank offeror's proposals. They are also expressly prohibited
from competing for DARPA SBIR or STTR awards in the SBIR/STTR topics they review and/or provide
comments on to the Government. All advisors are required to comply with procurement integrity laws
and are required to sign Non-Disclosure and Rules of Conduct/Conflict of Interest statements. Non-
Government technical consultants/experts will not have access to proposals that are labeled by their
proposers as "Government Only",

4.2 Evaluation Criteria

DARPA selects proposals for funding based on technical merit and the evaluation criteria contained in
this solicitation document. DARPA gives twice the weight to Criterion A. “The soundness, technical
merit, and innovation of the proposed approach and its incremental progress toward topic or subtopic
solution.” Please note proposals that scored low on evaluation Criterion C. “The potential for commercial
(government or private sector) application and the benefits expected to accrue from this
commercialization” are considered weaker proposals. As funding is limited, DARPA reserves the right to
select and fund only those proposals considered to be superior in overall technical quality and highly
relevant to the DARPA mission. As a result, DARPA may fund more than one proposal in a specific
topic area if the technical quality of the proposals is deemed superior and are highly relevant to the
DARPA mission, or it may not fund any proposals in a topic area. Each proposal submitted to DARPA
must have a topic number and must be responsive to only one topic.

4.4 Assessing Commercial Potential of Proposals

DARPA is particularly interested in the potential transition of SBIR project results to the U.S. military,
and expects explicit discussion of a transition vision in the commercialization strategy part of the
proposal. That vision should include identification of the problem, need, or requirement in the
Department of Defense that the SBIR project results would address; a description of how wide-spread and
significant the problem, need, or requirement is; identification of the potential end-users (Army, Navy,
Air Force, SOCOM, etc.) who would likely use the technology; and the operational environments and
potential application area(s).

Technology commercialization and transition from Research and Development activities to fielded
systems within the DoD is challenging. Phase | is the time to plan for and begin transition specific
activities. The small business must convey an understanding of the transition path or paths to be
established during the Phase | and Il projects. That plan should include the Technology Readiness Level
(TRL) at the start and end of the Phase Il. The plan should also include a description of targeted
operational environments and priority application areas for initial Phase Il transition; potential Phase 111
transition funding sources; anticipated business model and identified commercial and federal partners the
SBIR company has identified to support transition activities. Also include key proposed milestones
anticipated during Phase I, Il or beyond Phase Il that include, but are not limited to: prototype
development, laboratory and systems testing, integration, testing in operational environment, and
demonstrations.

4.5 SBIR Fast Track

o DARPA encourages Phase | performers to discuss its intention to pursue Fast Track with the
DARPA Program Manager prior to submitting a Fast Track application or proposal. Selection
of a Fast Track proposal is not mandated and DARPA retains the discretion to not select or
fund any Fast Track proposal.

e After coordination with the DARPA Program Manager, the performer and the investor are
required to submit a Fast Track application through the DoD Submission Web site no later
than the last day of the 6th month of the Phase | effort.

e The Fast Track Interim amount is not to exceed $40,000.
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The performer must submit its Phase Il proposal before the last day of the 7th month of the
Phase | effort.

4.6 Phase 11 Enhancement Policy

DARPA will provide a Phase Il performer up to $200,000 of additional Phase Il SBIR funding if the
performer can match the additional SBIR funds with non-SBIR funds from DoD core-mission funds or
the private sector. Generally, the additional Phase Il funds are applied to the Phase Il contract. Phase 1l
Enhancements are subject to the availability of funds.

4.7 Commercialization Pilot Program

DARPA does not participate in the Commercialization Pilot Program (CPP); however, DARPA has
established a Transition Support Pilot Program focused on transitioning innovative technologies to the
most critical U.S. military end-users as well as key collaboration partners. This program will also support
transitions within DARPA, civilian agencies, and private-sector, if deemed critical for technology
transition success. The program, administered by the DARPA SBIR Program Office with support from
The Foundation for Enterprise Development (The Foundation), a U.S. owned non-profit organization,
consists of the following assistance:

Transition Assistance. The Foundation will provide DARPA funded SBIR Phase Il

companies identified to participate in the Pilot with guidance and assistance in identifying

and facilitating introductions to potential collaborators, funding sources, and end users, in

support of SBIR Company’s Phase 111 technology development activities. Thus, identification

of potential funding sources will be primarily focused on enabling the SBIR Company to

work towards reaching Technology Readiness Level (TRL) 7 — System prototype

demonstration in an operational environment. Specific potential funding sources will be

identified throughout a designated period of transition support and may include, but are not

limited to:

— DARPA

— Other DoD research programs (e.g.: Army, Navy, Air Force, Marine Corps)

— Prime contractor programs, to include their Independent Research & Development (IR&D)
programs

— Non-DoD Federal research programs in the Intelligence agencies and the Department of
Homeland Security

— Other non-DoD Federal research programs, such as those within National Institutes of
Health

— Other DoD-funded technology transition programs as appropriate (e.g., Technology
Transition Initiative, Defense Acquisition Challenge, TechLink and TechMatch)

— Venture capital funding sources

To be eligible for assistance, the SBIR Company must have an active Phase I, expected technology
readiness level of 5 or greater at the completion of Phase 11, and understanding of and progress within the
expected transition path or paths. DARPA retains the discretion to not select a company. Each identified
company will execute a Technology Transition Agreement with the contractor to initiate support.
Participation in the DARPA Technology Transition Pilot Program is voluntary.

All obligations of the SBIR Company shall be carried out at no cost to The Foundation or
DARPA and are not billable to any SBIR contract. The SBIR Company shall make relevant
experts reasonably available to The Foundation to discuss potential application areas for the
technology under development and to support the execution of the technology transition support
services described above. The SBIR Company also shall make its relevant experts available for
follow-up discussions and briefings with potential collaborators or representatives from federal
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or other potential funding sources. As appropriate, the SBIR Company will develop appropriate
company profiles, briefings and other types of informational materials to support discussions and
briefings. SBIR companies involved in the transition pilot will be asked for feedback on the
assistance provided upon completion of the Phase Il and on transition outcomes within the
year following the Phase II.

Success Reports: The Foundation will document company Phase Il transition successes
individualized reports as well as or other printed material for distribution at outreach events
and for posting on the DARPA SBIR Web site. SBIR companies that have received Phase I11
funding are eligible to work with The Foundation to develop the success report. Cleared
Success Reports will continue to be posted on the DARPA SBIR Web site. The 2007
DARPA  SBIR Success Reports can be  viewed at  this link:
http://www.darpa.mil/sbir/Success_Story Main_Page.htm

Outreach/Process Improvement: The Foundation will capture lessons learned, program
feedback and best practices from SBIR companies, and will help develop and implement
process improvements to increase transition success for DARPA SBIR funded companies.
Transition outreach includes panel presentation and one-on-one meetings at selective SBIR
conferences. Additional transition—related documentation and links will be available upon
request and via the SBIR web site in the future. All active DARPA SBIR companies are
eligible for this outreach support.

Phase 11 transition support is subject to the availability of funds.

5.1.b. Type of Funding Agreement (Phase I)

DARPA Phase | awards will be Firm Fixed Price contracts.

Companies that choose to collaborate with a University must highlight the research that is
being performed by the University and verify that the work is FUNDAMENTAL
RESEARCH.

Companies are strongly encouraged to pursue implementing a government acceptable cost
accounting system during the Phase | project to avoid delay in receiving a Phase Il award.
Visit http://www.dcaa.mil and download the “Information for Contractors” guide for more
information.

5.1.c. Average Dollar Value of Awards (Phase I)
DARPA Phase | proposals shall not exceed $99,000, and are generally 6 months in duration. Phase |
contracts will not be extended.

5.2.b. Type of Funding Agreement (Phase I1)

DARPA Phase 11 awards will be Cost Plus Fixed Fee contracts.

DARPA may choose to award a Firm Fixed Price Phase Il contract on a case-by-case basis.
However, companies are advised to continue pursuit of implementation of a government
acceptable cost accounting system in order to facilitate their eligibility for future government
contracts.

Companies that choose to collaborate with a University must highlight the research that is
being performed by the University and verify that the work is FUNDAMENTAL
RESEARCH.

5.2.c. Average Dollar Value of Awards (Phase I1)
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DARPA Phase Il proposals must be structured as follows: the first 10-12 months (base effort) should be
approximately $375,000; the second 10-12 months of incremental funding should also be approximately
$375,000. The entire Phase Il effort should generally not exceed $750,000.

5.3 Phase | Report

All DARPA Phase | and Phase Il awardees are required to submit a final report, which is due within 60
days following completion of the technical period of performance and must be provided to the individuals
identified in Exhibit A of the contract. Please contact your contracting officer immediately if your final
report may be delayed.

5.11.r. Export Control

The following will apply to all projects with military or dual-use applications that develop beyond
fundamental research (basic and applied research ordinarily published and shared broadly within the
scientific community):

(1) The Contractor shall comply with all U. S. export control laws and regulations, including the
International Traffic in Arms Regulations (ITAR), 22 CFR Parts 120 through 130, and the Export
Administration Regulations (EAR), 15 CFR Parts 730 through 799, in the performance of this contract.
In the absence of available license exemptions/exceptions, the Contractor shall be responsible for
obtaining the appropriate licenses or other approvals, if required, for exports of (including deemed
exports) hardware, technical data, and software, or for the provision of technical assistance.

(2) The Contractor shall be responsible for obtaining export licenses, if required, before utilizing foreign
persons in the performance of this contract, including instances where the work is to be performed on-site
at any Government installation (whether in or outside the United States), where the foreign person will
have access to export-controlled technologies, including technical data or software.

(3) The Contractor shall be responsible for all regulatory record keeping requirements associated with the
use of licenses and license exemptions/exceptions.

(4) The Contractor shall be responsible for ensuring that the provisions of this clause apply to its
subcontractors.

Please visit http://www.pmddtc.state.qov/regulations laws/itar.html for more detailed information
regarding ITAR requirements.

5.11.s. Publication Approval

There shall be no dissemination or publication, except within and between the Contractor and any
subcontractors, of information developed under this contract or contained in the reports to be furnished
pursuant to this contract without prior written approval of the DARPA Technical Information Officer
(DARPA/TIO). All technical reports will be given proper review by appropriate authority to determine
which Distribution Statement is to be applied prior to the initial distribution of these reports by the
Contractor. Papers resulting from unclassified contracted fundamental research are exempt from
prepublication controls and this review requirement, pursuant to DoD Instruction 5230.27 dated October
6, 1987. Any publications shall incorporate an Acknowledgement of Support and Disclaimer in
accordance with FAR 252.235-7010.

The following provision will be incorporated into any resultant contract:
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When submitting material for written approval for open publication as described above, the
Contractor/Awardee must submit a request for public release to the DARPA TIO 5 weeks prior to the
event. Requests received with a due date of less than five weeks lead time require a justification. Unusual
electronic file formats may require additional processing time. Include the following information:

1) Document Information: document title, document author, short plain-language description of
technology discussed in the material (approx. 30 words), number of pages (or minutes of video) and
document type (briefing, report, abstract, article, or paper);

2) Event Information: event type (conference, principle investigator meeting, article or paper), event date,
desired date for DARPA's approval,

3) DARPA Sponsor: DARPA Program Manager, DARPA office, and contract number; and
4) Contractor/Awardee Information: POC name, e-mail and phone.
Requests can be sent either via e-mail to tio@darpa.mil or via surface mail to 3701 North Fairfax Drive,

Arlington VA 22203-1714, telephone (571) 218-4235. Refer to http://www.darpa.mil/tio for information
about DARPA's public release process.

5.14.h. Human and/or Animal Use

This solicitation may contain topics that have been identified by the program manager as research
involving Human and/or Animal Use. In accordance with DoD Policy, human and/or animal subjects in
research conducted or supported by DARPA shall be protected. Although these protocols will most likely
not be needed to carry out the Phase I, significant lead time is required to prepare the documentation and
obtain approval in order to avoid delay of the Phase Il award. Please visit http://www.darpa.mil/sbir/ to
review the Human and Animal Use PowerPoint presentation(s) to understand what is required to comply
with human and/or animal protocols.

e Human Use: All research involving human subjects, to include use of human biological
specimens and human data, selected for funding must comply with the federal regulations for
human subject protection. Further, research involving human subjects that is conducted or
supported by the DoD must comply with 32 CFR 219, Protection of Human Subjects
(http://www.dtic.mil/biosys/downloads/32cfr219.pdf), and DoD Directive 3216.02,
Protection of Human Subjects and Adherence to Ethical Standards in DoD-Supported
Research (http://www.dtic.mil/whs/directives/corres/pdf/321602p.pdf ).

e Animal Use: Any Recipient performing research, experimentation, or testing involving the
use of animals shall comply with the rules on animal acquisition, transport, care, handling,
and use in: (i) 9 CFR parts 1-4, Department of Agriculture rules that implement the
Laboratory Animal Welfare Act of 1966, as amended, (7 U.S.C. 2131-2159); (ii) the
guidelines described in National Institutes of Health Publication No. 86-23, "Guide for the
Care and Use of Laboratory Animals"; (iii) DoD Directive 3216.01, “Use of Laboratory
Animals in DoD Program.”

6.3 Notification of Proposal Receipt
DARPA will send each offeror an e-mail acknowledging receipt of proposal after the solicitation closing
date.

6.4 Information on Proposal Status
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All letters notifying offerors of selection or non-selection will be sent via e-mail to the person listed as the
“Corporate Official” on the proposal.

6.5 Debriefing of Unsuccessful Offerors

DARPA will provide each unsuccessful offeror an automatic debriefing summary as an enclosure to the
notification of non-selection. Requests for clarification to information provided in the debriefing
summary must be sent via e-mail to shir@darpa.mil within 15 days of receipt of notification.
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SB092-001
SB092-002
SB092-003
SB092-004
SB092-005
SB092-006
SB092-007
SB092-008
SB092-009
SB092-010
SB092-011
SB092-012
SB092-013

SB092-014
SB092-015
SB092-016
SB092-017

DARPA SBIR 092 Topic Index

Nanotechnology-enhanced High-efficient Miniaturized Energy Harvesting Systems
Photonic Band Gap Structures for Solar Energy Generation

Compact, Ruggedized Ultrasound for Rapidly Detecting Traumatic Brain Injury
The Automated Control of Complex Tasks in Animals

Visually Guided Robotic Hand / Eye Coordination

Digital Analysis Computing Software Solutions for the Supply Chain

Database Translator (DATALATOR) for Integrated Exploitation

Integrated UGS and UAV Networks for Enabling Persistent ISR

Acoustic Source Separation and Localization

Day Night Energy Scavenging and Storage

Nanowire-based High Linearity RF Amplifiers

Super Resolution Focal Plane Array

Advanced Extremely Low Frequency (ELF) to Very Low Frequency (VLF) Antenna
System

Adaptive Polymer Lens

Special Nuclear Material (SNM) Detection

Networked Cubesat Clusters

Advanced Solar Energy Collection & Storage
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DARPA SBIR 092 Topic Descriptions

SB092-001 TITLE: Nanotechnology-enhanced High-efficient Miniaturized Energy Harvesting
Systems

TECHNOLOGY AREAS: Chemical/Bio Defense, Ground/Sea Vehicles, Sensors, Electronics

OBJECTIVE: Develop a highly efficient miniaturized energy harvesting systems using novel materials and
nanostructures for sensor applications.

DESCRIPTION: Over the past decade, significant developments have occurred in the area of miniaturized sensors
for the detection of chemical and biological agents, acoustic waves, etc. However, one of the major hurdles in
achieving small size has been the space required for the built-in power sources. Conventional electro-chemical
batteries are often used in powering the sensor electronics including components for wireless communication, and
therefore, their finite power capacity has also become a major limitation in deploying them in the battlefield for
unattended operations for a long duration. Therefore, it has led to an increasing demand for harvesting electrical
energy from ambient vibrations in the surrounding environment using electromechanical transducers based on
electromagnetic, electrostatic, or piezoelectric effects. Among them piezoelectric power generators are the most
applicable to miniaturized sensors because of their great potential in achieving high power densities using novel
nanoscale materials and structures. The current technology is limited to a handful of nanostructures made of
piezoelectric materials such as ZnO with potential output power densities of 80 mW/m2. Requirements for future
systems may dictate higher power densities beyond these values for powering miniaturized (< 1 mma3) sensors.

The goal of this effort is to take advantage of advances in nanofabrication technologies to develop possible advanced
materials and/or novel nano structures with efficient mechanical-to-electrical power coupling through the
optimization of physical and geometrical configurations to yield power densities with magnitudes several orders of
higher than the current technologies. A power harvesting component will be developed that is applicable to a
system that would include miniaturized (< 1 mm3) sensors equipped with electronics components for wireless data
transmission.  Furthermore, the components to be developed should be capable of being used for ruggedized
construction for use in battlefield scenarios such as mounted on unmanned aerial vehicles (UAV’s) and/or
unmanned ground vehicles (UGV’s) in extreme environments.

In support of this effort, selective U.S. Army Aviation and Missile Research, Development, and Engineering Center
(AMRDEC) fabrication and testing facilities are available for use by SBIR contractors AT NO CHARGE. Specific
government furnished equipment (GFE) and restrictions are available upon request.

PHASE [: Conduct a feasibility study on the concept design and development of an energy harvesting component
for a miniaturized (< 1 mma3) sensor system. Investigate the possible advanced materials and novel nanostructures
with enhanced mechanical-to-electrical power coupling efficiency to obtain power densities with magnitudes several
orders of higher than the current technologies. Based on the specifications to be formulated, various technical
approaches need to be compared and down selected for the fabrication of the energy harvesting component. At the
conclusion of Phase I, there should be a complete design and a probable fabrication process. A critical fabrication
experiment should be performed to support proposed Phase 11 efforts. A critical design review will be performed to
finalize the design and fabrication processes. As part of the final report, plans for Phase Il will be proposed.

PHASE II: Develop and refine a prototype of the miniaturized high efficient energy harvesting system from the
Phase | effort. All appropriate engineering testing and validation of the performance of the prototype system will be
performed. Submit a working prototype to the Army for testing. Target TRL 6.

PHASE 11l DUAL USE APPLICATIONS: The Phase I1l effort will involve further demonstration and validation for
transition to a fielded capability. The integration of the energy harvesting unit with energy storage devices and
various sensor types will also be addressed. This technology would be well suited for battlefield awareness and
surveillance and monitoring both military and civilian borders and automation of security surveillance for events
(civilian sector/homeland security).
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REFERENCES:
1. S.R. Anton and H.A. Sodano "A review of power harvesting using piezoelectric materials (2003-2006)," Smart
Mater. Struct., 16, pp. R1-R21 (2007).

2. S. Xu, Shiyou and Sang-Gook Kim, "Fabrication and mechanical property of nano piezoelectric fibres,"
Nanotechnology, 17, pp. 4497-4501 (2006).

3. S.P. Beeby, M.J. Tudor and N.M. White, "Energy harvesting vibration sources for microsystems applications,"
Meas. Sci. Technol., 17, pp. R175-R195 (2006).

4. Y. Qin, X. Wang, and Z.L. Wang, "Microfibre—nanowire hybrid structure for energy scavenging," Nature, 451,
pp. 809-813 (2008).

KEYWORDS: Energy harvesting, Power scavenging, Self-powered nanosystem, Piezoelectric.

SB092-002 TITLE: Photonic Band Gap Structures for Solar Energy Generation

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors, Electronics

OBJECTIVE: Devise a method to develop a high-efficiency photo-voltaic cell capable of harnessing much of the
incident solar energy using photonic band gap structures.

DESCRIPTION: During the last two decades the field of photonic band gap (PBG) structures has evolved and
witnessed tremendous growth. PBGs can be one-, two-, or three-dimensional in nature, and they are generally
endowed with a simple property: near the photonic band edge light becomes highly localized inside one type of
layer in one dimension, or near a hole or defect in two or three dimensions, and its amplitude is strongly enhanced as
energy is stored inside the device. In many ways this amplification process is reminiscent of a magnifying lens
placed in the path of the incoming light, but without the need for the lens. While this property has been applied to
the development of delay lines and nonlinear optical parametric amplifiers for wavelength conversion, for example,
little or no attention has been devoted to the research and development of linear devices capable of converting the
sun’s rays to usable electrical energy. The development of photovoltaics is turning into a key challenge in the field
of renewable energy research, attracting the combined attention of optics and electronics communities. Among
several power-generation technologies, photovoltaics has the least impact on the environment, and it is probably the
most reliable solution for fuel supply and carbon emission problems. The operation of a photovoltaic (PV) cell is
simple: photons from sunlight reach an absorbing material where electron-hole pairs are generated. Opposite charge
carriers can undergo separation, drift or diffusion phenomena, while electrodes provide the flow of the generated-
current. While first generation [1] PV cells were made by mono or multi-crystalline silicon p-n junctions, reaching
efficiencies of the order of 20%, second generation [2] PV cells are based on thin-film technology. The aim of the
latter effort is reduce costs compared to first generation devices, but also to preserve at least the same efficiencies by
exploiting low-cost and highly absorbing materials such as CdTe and Culn(Ga)Se2 (CIGS), for example. Optical
and carrier losses in PV cells include: (a) reflections at the top surface of the cell; (b) sub-bandgap losses in the
infra-red range, where photons do not have enough energy to raise the electron to the conduction band; (c)
thermalization losses due to high energy photons whose extra-energy heats the cell through phonon interactions; (d)
effects of electron-hole pairs recombination due to poor material and interface quality. Third-generation [2] PV cells
aim to break these limits in order to achieve high efficiency devices, while maintaining low production costs. At
present, the approaches of third generation technology include multi-junction PV cells, based on GalnP/GaAs/Ge
devices, dye-sensitized and polymer-based PV cells, and concentrators PV. Among third generation techniques,
plasmonics represents a promising tool for the design of low-cost, high-efficiency PV cells [3]. More generally,
light-matter interactions in the presence of metal nanoparticles, combined with the ability of metal-dielectric
structures to support surface plasmon polaritons (SPPs) excitations and to enhance the local field in principle enable
the possibility of shaping the flow of light in sub-wavelength spaces. It has been demonstrated that properly
designed metal-dielectric photonic band gap structures constitute highly transparent electrodes in spite of large
amount of metal [4] that can also support SPPs [5]. The optical properties of metals thus provide a new tool in the
control and the localization of light within distances well below the light wavelength, thus enabling a host of novel
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devices.

PHASE I: Conduct a feasibility analysis of a photovoltaic cell based on photonic band bap structures. The approach
should also include consideration of metals in order to trigger plasmonic effects and/or field localization phenomena
that may be used to optimize and maximize the fraction of solar energy captured and converted to photocurrent.

PHASE II: Finalize the device and material parameters from the Phase I. Conduct basic experimental observation of
the expected performance of the photovoltaic cell. Design, fabricate, and test a prototype consisting of several small
and large area unit cells. Target TRL 5

PHASE Il DUAL USE APPLICATIONS: The ability to fabricate environmentally friendly, highly efficient
photovoltaic cells could lead to a fundamental shift in how energy is produced. Military applications include a
significantly reduced logistic burden in fulfilling energy requirements during deployment scenarios. Commercial
applications include inexpensive and reliable site-generated electricity that is not dependant on conventional
gas/diesel powered generators.

REFERENCES:
1. Green, Martin A "Third generation photovoltaics: solar cells for 2020 and beyond", Physica E: Low-dimensional
Systems and Nanostructures 14(1-2): 65-70 (April 2002),

2. Third Generation Photovoltaics. The University of New South Wales, Sydney, Australia.
http://www.pv.unsw.edu.au/Research/3gp.asp

3. Keisuke Nakayama et al, “Plasmonic nanoparticle enhanced light absorption in GaAs solar cells”, Applied
Physics Letters 93, 121904 (2008).

4. M. Scalora et al, “Transparent, metallo-dielectric, one-dimensional, photonic band-gap structures”, Journal of
Applied Physics 83, 2377 (1998); M. Bloemer et al, “Broadband super-resolving lens with high transparency in the
visible range* Applied Physics Letter 72, 1676 (1998).

5. M. Bloemer et al, “Broadband super-resolving lens with high transparency in the visible range”, Applied Physics
Letter 90, 174113 (2007); D. Ceglia et al, “Tailoring metallodielectric structures for superresolution and
superguiding applications in the visible and near-ir ranges* Physical Review A 77, 033848 (2008).

KEYWORDS: Photovoltaic, Metal-dielectric, Surface Plasmons, Multilayer, Photonic Band Gap.

SB092-003 TITLE: Compact, Ruggedized Ultrasound for Rapidly Detecting Traumatic Brain Injury

TECHNOLOGY AREAS: Biomedical, Human Systems

OBJECTIVE: Develop and demonstrate an ultrasound-based technology that detects fast-onset changes in
intracranial pressure resulting from concussive forces associated with traumatic brain injuries.

DESCRIPTION: Compact, portable and easy to use tools for rapidly diagnosing traumatic brain injury are urgently
needed. Traumatic Brain Injury (TBI) has become the signature wound of the War on Terror, accounting for a larger
percentage of casualties in the current conflict than in previous ones. A significant portion of these combat-related
TBI are ‘closed brain’ injuries, resulting from exposure to blast-related concussive forces that leave little or no
external markers of the internal brain injuries. Consequently, these injuries often go undiagnosed until long after the
traumatic event, with debilitating and life-threatening symptoms occurring days, weeks or even years following the
primary brain injury (1). This ‘secondary damage’ results from biochemical processes that activate within minutes
or hours after the primary injury (2,3), underscoring the importance of detecting TBI as soon after primary injury as
possible in order to prevent long term damage or even death. While computed axial tomography (CT) scans are
considered the “‘gold standard’ for detecting head related injuries, CT scanning technology is difficult to use in the
combat environment, given the large infrastructure requirements for operation (power, technicians, physical
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footprint).

An alternative diagnostic method exploits the changes in intracranial dynamics that result from the concussive forces
that lead to TBI. Specifically, elevated intracranial pressure (ICP) is often the most direct, initial result of
concussive force related head injuries (4). Because of the unique neuro-anatomy of the eye, elevated ICP results in
dilation of the optic nerve sheath, increasing its diameter (5-7). Ultrasonographic methods, applied directly — and
externally — over either or both eyes reliably detect these changes (6-9) and provide a novel and more efficient
approach to rapidly identifying deep or bilateral traumatic brain injuries compared to other currently available
technologies.

The results of this effort will be an ultrasound-based sensor that has sensitivity and specificity for detecting elevated
ICP resulting from TBI equivalent to the current CT gold standard with a form factor similar to a standard hand-held
personal data assistant. The sensor should function across the wide range of harsh operating environments typical of
combat, and should be intuitive and easy to use by medical technicians working under conditions of high stress
typical of battlefield environments. Mixed-technology solutions that combine additional detection capabilities with
the core ultrasound-based approach to improve either diagnostic sensitivity, specificity, or both are encouraged.

PHASE I: Develop preliminary design concept and determine feasibility of an ultrasound-based intracranial pressure
detection tool for use in the operational setting. The final report must include system performance metrics and plans
for Phase Il. This plan should include an approach for developing a calibration procedure to account for variability
of cerebral perfusion pressure across individuals. Optimizing per-unit cost will be considered a critical performance
metric. Phase Il plans should include key component technological milestones and plans for at least one operational
test and evaluation. Phase | should also include the processing and submission of all required human subjects use
protocols.

PHASE II: Develop a prototype ultrasound-based sensor technology to detect TBI based on the preliminary design
from Phase 1. All appropriate engineering testing will be performed, and a critical design review will be performed
to finalize the design. Emphasis will be placed upon prototype functionality and accuracy across multiple
individuals with diverse baseline and trauma-induced pressure assessments. Phase 11 deliverables will include: (1) a
working prototype of the sensor, including individual calibration capability, (2) drawings and specifications for its
construction, and (3) test data on its performance collected in one or more operational settings using human
participants. Target TRL: 7

PHASE |1l DUAL USE APPLICATIONS: This sensor will have broad application in military as well as commercial
settings.  Military applications of this technology include enabling medics and corpsmen, as well as hon-medically
trained military personnel, to direct limited medical resources to those most in need. Commercial applications
include providing a similar capability to first responders to conduct on-site triage, reducing or eliminating entirely
the need for more costly and time consuming CT scans in a hospital setting. Sensor applications may also extend
beyond detecting TBI to diagnosing wounds involving other organs like the liver, kidneys, and abdomen, as well as
damage to muscles and tendons.

REFERENCES:
1. Zoroya, G (2008). “Delayed TBI diagnoses inspire a mission”. Army Times.
http://www.armytimes.com/news/2008/07/gns_tbi_072408/, 16 October 2008.

2. Park E., Bell J.D., Baker A.J. (2008). “Traumatic brain injury: Can the consequences be stopped?” Canadian
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3. Xiong Y, Lee CP, and Peterson PL. (2001). “Mitochondrial dysfunction following traumatic brain injury”. In
Head Trauma: Basic, Preclinical, and Clinical Directions. Miller LP and Hayes RL, (Eds). John Wiley and Sons,
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4. Eisenberg H.M., Gary H.E. Jr, Aldrich E.F., et al (1990). “Initial CT findings in 753 patients with severe head
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SB092-004 TITLE: The Automated Control of Complex Tasks in Animals

TECHNOLOGY AREAS: Information Systems, Biomedical, Human Systems

OBJECTIVE: Develop and validate a portable device that automates the training of complex behaviors in animals
without human intervention.

DESCRIPTION: Animal training currently requires long hours and the involvement of a human trainer. The
development of an automated mammalian training device would significantly reduce the need for human
involvement. In addition, it may enable the ability for remote on-site training in potentially limited access areas.
This device would also have the ability to better and more rapidly train an animal through the collection of
performance metrics that indicate subject intelligence, capability, and progress. Animal use is anticipated under this
topic.

PHASE I: Develop an initial concept design and model key elements of a portable device that automates canine
training procedures. These training procedures should include, but are not limited to:

Discrimination of objects, verbal commands, and olfactory cues

Retrieval and transport of objects between locations at various distances

Complex path navigation along multiple waypoints

Association of human vocabulary with object of actions

Animal use protocol will be required prior to beginning work

Determine technical feasibility and develop detailed analysis of predicted performance in meeting above objectives.
Validation of feasibility of integrating these training procedures into a portable automated caning training device
shall be demonstrated to a level satisfactory to indicate the practicality of the design in meeting requirements and
objectives. Animal use is anticipated in this phase.

PHASE 1I: Develop a prototype of the portable training device. Integrate training procedures into device and
demonstrate the technology identified in Phase 1. Phase Il deliverables shall include, but are not limited to, a
detailed demonstration of key technical parameters that can be accomplished and a detailed performance analysis of
the technology. A subscale demo is acceptable, but a full-scale demo is encouraged. Also, model validation testing,
a detailed evaluation report, and recommendations are required. An approved animal use protocol will be required
prior to beginning work. Animal use is anticipated in this phase. TRL: 4.
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PHASE Il DUAL USE APPLICATIONS: Training is required for animals employed for multiple missions
including search and rescue for police and other government agencies. Automated animal training has a market in
military and commercial industries.

REFERENCES:
1. Otto, J., et al., “Training rats to search and alert on contraband odors,” Applied Animal Behaviour Science,
Volume 77, Number 3, 6 June 2002 , pp. 217-232

2. Britt, Winard, et al., “Automated Modeling of the Guidance of a K-9,” American Control Conference, Seattle,
Washington, 2008.

KEYWORDS: Canine, Automated Training, Portable Device, Training Procedures

SB092-005 TITLE: Visually Guided Robotic Hand / Eye Coordination

TECHNOLOGY AREAS: Ground/Sea Vehicles, Human Systems

OBJECTIVE: Design and develop a hand/eye prototype system that will demonstrate dexterity and control similar to
a human’s hand and arm manipulator control system. The design shall include details for constructing and
processing data from a vision system, which is required to identify and track objects.

DESCRIPTION: Human beings are successful on planet Earth largely due to our ability to reason and utilize tools.
A key component of this ability is the flexibility, speed, and strength of our hands to manipulate our environment.
Replicating this ability in robotic systems will allow many manual tasks to be delegated to robots and free up human
resources for more complicated work that machines are unable to perform.

Recent trends in robotic development have improved multifingered hand technologies, but experiments performed
tend to focus on one aspect of performance and do not address the full range of capabilities of a human hand. These
capabilities include dexterity, maneuverability, speed, and precision. The robotic hand/eye prototype system
capabilities will be measured by performing the following tasks during Phase Il. The goal is to perform all of the
tasks to demonstrate a general ability, but completing a subset of the tasks is acceptable for Phase I1.

Task 1: Type on a Keyboard (Maneuverability)

The robotic system will be presented with a standard QWERTY keyboard (usually 101-104 keys). The robotic
system will be given an input string of text and commanded to type the text on the keyboard. The goal of the system
is to type at the government standard of 40 words per minute [8], based on a 5 minute sample with three or fewer
errors.

Task 2: Play a Drum (Speed)

The robotic system will be presented with a hand drum (10”-16" diameter) and a musical sequence in the Dumbek
Rhythm [9,10] format. The rhythms will be played using a variable musical time signature, i.e. 4/4, 6/8 or 12/8. The
goal of the system is to play the musical beats with accuracy indistinguishable from a musical recording to the
human ear.

Task 3: Juggle balls (Dexterity)
The robot will be presented with two balls. Its task will be to juggle one or two balls, on demand, with one or two of
its hands. The goal is for the system to not drop the ball during 2 minute timed trials.

Task 4: Use Hand Tools (Precision)

The robot will randomly be presented with either a hammer, a saw, or a pencil. It should hammer a nail into wood,
cut a board, or write a sentence on paper according to the tool presented. The robot will complete the task within 2
minutes.

Task 5: Thread a needle (Precision)
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The robot will be presented with a standard needle, thread, and scissors. Its task will be to thread the needle within 1
minute. This task requires a high precision visual sensor system with depth perception. Algorithms should detect the
case when the needle fails to thread, then cut the thread, and retry.

The hardware design for the robotic hand and arm system will contain a simple socket interface with a minimum
number of connections to accommaodate a versatile set of mobility platforms. Modular hand and arm systems will
ease commercial and military adoption.

The software control algorithms should include a simple, understandable, well documented software development
kit (SDK) for programming the hand and eye system. This SDK will allow experienced software programmers to
quickly prototype applications to control the robot, and ease its commercial and military adoption.

PHASE I: Provide a high level design of a robotic hand and eye coordination system. A detailed design document
will be delivered containing specifications for the physical components, sensor system, and software design. The
final report will include (1) a review of the design based on criteria specified in the description, (2) a high level
comparison of existing research and alternative approaches, and (3) a Phase Il plan.

PHASE II: Finalize and construct the robotic hand prototype designed in Phase I. Integrate available (COTS/GOTS)
video sensor(s), image processing/object recognition software, and artificial hand to produce the eye-hand
demonstrator. The emphasis is on integrating these components and the goal is a TRL 4 level demonstration.
Perform experiments and measure results of the tasks described in the description above. The final report will
include (1) detailed design updates, (2) experimental results, and (3) a plan for Phase IIl. The target Transition
Readiness Level (TRL) to be reached at the conclusion of the Phase Il effort: 4. Component and/or bread-board
validation in laboratory environment.

PHASE 111 DUAL USE APPLICATIONS: The technology developed under this effort would have commercial and
military applications, including sorting inventory, automating production lines, or exploring hazardous
environments. The technology would seek to advance the eye-hand demonstrator to TRL 7 in an
environment/application (e.g., automated factory lines, repair tasks, etc).

REFERENCES:
1. Hager, Gregory, Wen-chung Chang, A.S. Morse “Robot hand-eye coordination based on stereo vision” IEEE
Control Systems Magazine 15:30-35 (1995)

2. Langdon, W.B., Peter Nordin “Evolving Hand-Eye Coordination for a Humanoid Robot with Machine Code
Genetic Programming” EuroGP2001 4th European Conference on Genetic Programming (2001) From:
http://www.cs.ucl.ac.uk/staff/W.Langdon/elvis/

3. Kragic, Danica, Henrik | Christensen “Survey on visual servoing for manipulation” Centre for Autonomous
Systems, Numerical Analysis and Computer Science (2002) From:
http://www.societyofrobots.com/robottheory/Survey on_Visual_Servoing_for_Manipulation.pdf

4. Morales, Antonio, Mario Prats, Pedro Sanz and Angel P. Pobil “An Experiment in the Use of Manipulation
Primitives and Tactile Perception for Reactive Grasping” Raobotic Intelligence Lab (2007) from:
http://projects.csail.mit.edu/manipulation/rssO7/paper__an_experiment_in_the use_of manipulation_primitives_and
_tactile_perception_for_reactive_grasping__morales.pdf

5. Morales, A. Asfour, T. Azad, P. Knoop, S. Dillmann, R “Integrated Grasp Planning and Visual Object
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6. Development of a high-speed multifingered hand system and its application to catching (2007) Namiki, A. Imai,
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http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=1249273
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7.Ze Yu Gu,J. “A survey on real-time controlled multi-fingered robotic hand” Electrical & Computer Engineering
Department, Dalhousie University (2008) From:
http://ieeexplore.ieee.org/iel5/4554522/4564482/04564681.pdf?tp=&isnumber=4564482&arnumber=4564681&pun
umber=4554522&hcsi_scan_58B44081716F1167=0&bcsi_scan_filename=04564681.pdf

8. "Operating Manual Qualification Standards for General Schedule Positions” United States Office of Personnel
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KEYWORDS: Robotic Hands, Mobile Robots, Robot Tactile Systems, Robot Vision Systems, Command and
Control Systems.

SB092-006 TITLE: Digital Analysis Computing Software Solutions for the Supply Chain

TECHNOLOGY AREAS: Information Systems, Materials/Processes

OBJECTIVE: Develop a new spectrum of software application products to support the average domain specialist
user to the more sophisticated digital analysis computing user. Software distribution solutions are also sought to
support these new products and their use by the currently underserved DoD supply chain community.

DESCRIPTION: A number of studies, funded by NSF, DOE and DARPA over the past four years on the importance
of high performance computing (HPC) for government, academic and private communities, have highlighted both
the benefits and challenges for the end user. A number of these reports were coordinated by the Council on
Competitiveness and are available at www.compte.org/hpc These studies highlighted the major barriers to HPC
adoption, including budget constraints, lack of access to HPC hardware and software, and lack of access to internal
HPC experts to provide this knowledge.

Despite the productivity and innovation gains that some major DoD vendors have realized using HPC for advanced
modeling and simulation, most of the lower-tier suppliers of subsystems and components for major systems have not
made the transition to this technology. The “desktop-only” shortcuts taken by these defense suppliers have
introduced an innovation drag on major DoD systems. The advanced problems that desktop systems cannot solve
today represent lost opportunities for these suppliers to power ahead of the global competition. If, over time, these
“desktop-only” firms cannot meet more complex requirements — and meet them at a faster pace — they will place
themselves, the defense systems providers who rely on them, and the nation in jeopardy.

The focus of this SBIR is to address the challenge of broadening the engagement or use of HPC by tier 2-3 supply
chain manufacturers, small business, consulting firms, and emerging independent software vendors. Today these
supply chain companies are not benefiting from the use of HPC computing and today’s sophisticated application
software to the same degree as the Original Equipment Manufacturers (OEMSs). Increasing the supply of tailored
digital analysis computing software applications and improved software accessibility will help reduce the barriers of
use.

Considerations of the following challenge areas are important;

1. Development of new digital analysis computing software applications that have both commercial and DoD
relevance.

2. Development of software applications with domain specific portals to address the need to support the expert
domain specialist (e.g. welding engineer) who is not a software or HPC expert.

3. Software application distribution solutions that may host the above-developed software and increase the
availability and lower the barriers to use by the underserved DoD supply chain users (e.g tier 2-3). DoD unique
requirements such as ITAR controlled software and data also need to be considered.
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Proposers are encouraged to either address challenge areas 1 and 2 or 3, plus show an understanding of problem,
describe solution, present a feasible plan to fully develop the technology including relevance to current product(s)
and a plan to infuse it into the commercial and DoD markets.

PHASE I: Define the baseline problem, domain, scope and metrics that will establish the benefits to the end user
along with the commercial viability. Develop a concept design, determine technical feasibility and define and
develop key component technological milestones. The final report will include a Phase |1 plan.

PHASE II: Develop, construct, demonstrate, and validate the feasibility/readiness of developing a robust product for
Phase Ill. Testing will be done in a realistic end user type environment.

Phase |1 deliverables will include: (1) Preliminary and final design reviews as deemed necessary by the sponsor(s),
(2) Demonstrations at end of year 1 and 2, (3) Commercialization plan, (4) and final report.

PHASE 11l DUAL USE APPLICATIONS: The capabilities developed under this effort may result in a commercial
product(s) that will help address both commercial and DoD supply chain digital analysis computing challenges for
the tier 2 and 3 manufacturing suppliers.

REFERENCES:
1. Advance, Reflect and Reveal reports listed on http://www.compete.org/about-us/initiatives/hpc

KEYWORDS: Innovation, Digital Analysis Computing, Modeling, Virtual Prototyping Software, Supply Chain,
Manufacturing Products.

SB092-007 TITLE: Database Translator (DATALATOR) for Integrated Exploitation

TECHNOLOGY AREAS: Information Systems

OBJECTIVE: Develop a Database Translator (DATALATOR) device that semi-automatically integrates
heterogeneous battlefield information sources for the urban warfighter and enables the execution of coherent queries
over the integrated sources.

DESCRIPTION: Urban commanders need timely answers to complex questions with multiple variables (e.g., “How
many violent incidents have occurred at coalition checkpoints in low-income neighborhoods over the last six
weeks?”) that require an integrated view of military, open source, local, and coalition data. Currently, the time and
cost of integrating heterogeneous data resources is a barrier to superior knowledge of the urban battlespace. New
technologies (e.g., machine learning, data model alignment, and data spaces) have potential to enable integration and
exploitation of data sources faster and without specialized database expertise. DARPA is interested in developing a
Database Translator (DATALATOR) device that semi-automatically integrates heterogeneous battlefield
information sources for the urban warfighter. The rapid integration of battlefield data sources will increase
operational tempo and improve mission effectiveness.

The DATALATOR is envisioned as a standalone appliance that either interfaces with multiple data sources
(federated database approach) or stores multiple data sources locally (data warehouse approach) and performs three
basic functions. Source Modeling will identify data formats and extract semantic models from diverse data sources.
Alignment and Mapping will find semantic correspondence between data entities and relations from diverse sources.
Data Transformation will translate multiple source data into integrated views and executes warfighter queries across
the diverse sources. The focus of the DATALATOR research will be structured text data sources (e.g., relational
databases, XML databases, RDF/OWL databases, and spreadsheets). Research in foreign language translation or
sensor/image/video data integration is not considered in scope.

Offerors should focus on approaches that address the following issues:
1) Highly automated mapping. The DATALATOR must be usable by relatively untrained personnel. These
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personnel must be able to influence the behavior of its basic functions without knowledge of the mechanisms
employed; that is, using only surface (domain relevant) information. Making use of machine learning techniques to
automatically capture patterns and semantics of user actions is relevant here.

2) Bounded mapping effort. DATALATOR integration schemes are to be considered ephemeral. That is, the
alignment, mapping, and transformation efforts can be taken to have resource constraints on time and quality of
answer produced. Implicit is that the longer a given source is of utility, the more effort may be spent on improving
integration quality for that source.

3) Bounded answer scope. The warfighter may only be concerned with answers to a constrained set of questions.
DATALATOR will act as a “savant” providing specific answers. Presumably, it would be simpler to generate
mappings that satisfy fewer constraints entailed by a more restricted access to data under the integration scheme.

4) Bounded answer quality. The warfighter may be concerned not with optimal answers but answers that meet
certain criteria for adequacy. Therefore the DATALATOR should be able to deliver “good enough” answers (e.g. an
approximate location of an object).

PHASE I: Investigate viability and design approaches for DATALATOR technology. Focus on demonstrating, in a
rigorously empirical and quantitative fashion, the capability of the technical approach. Identify the data types the
approaches are intended to support and design experiments accordingly. Clearly indicate and characterize (e.g.,
number of entities, number of schema elements, and number of errors) the data sources that will be used for
development and testing, the specific query types, and system performance metrics.

PHASE II: Develop a prototype that demonstrates the efficacy of DATALATOR technology based on Phase |
results, data, and analysis. Evaluate the performance of the prototype through experimentation on operationally
realistic data. Offerors should indicate how they will deliver a DATALATOR system at TRL 5 by the conclusion of
Phase II.

PHASE Il DUAL USE APPLICATIONS: The capabilities developed under this effort could be used by any
military, civilian, or government organization where rapid but imperfect information integration is a need. Potential
for commercialization of the technology exists in the development of a data warehouse authoring suite that can be
marketed as part of a data analysis, data warehousing, and/or enterprise management application package.

REFERENCES:

1. S. Abels and L. Haak and A. Hahn, “Identification of common methods used for ontology integration tasks”, IHIS
'05: Proceedings of the first international workshop on Interoperability of heterogeneous information systems, pp.
75--78, 2005.

2. A. S. Aparicio and O. L. M. Farias and N. dos Santos, “Applying ontologies in the integration of heterogeneous
relational databases”, AOW ""05: Proceedings of the 2005 Australasian Ontology Workshop, Vol. 58 pp. 11--16,
2005.

3. S. Castano and A. Ferrara, “Ontological Representation of Heterogeneous Datasources Integration Knowledge for
the Semantic Web”, Proceedings 388, Proceedings of Intelligent Systems and Control (ISC 2003) June 25 -27, 2003,
Salzburg, Austria, pp., 2003.

4. 1. F. Cruz and W. Sunna and A. Chaudhry, “Ontology alignment for real-world applications”, dg.o "'04: ACM
International Conference Proceeding Series; Vol. 262 Proceedings of the 2004 annual national conference on
Digital government research, pp. 1--2, 2004.

5. Y. Kalfoglou and M. Schorlemmer, “Ontology mapping: the state of the art”, Knowl. Eng. Rev., vol. 18, no. 1,
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6. R. Alonso, J. Bloom, and H. Li, “Lessons from the Implementation of an Adaptive Parts Acquisition ePortal”,
2003 Conference on Information and Knowledge Management. p.171, Proceedings of the twelfth international
conference on information and knowledge management.

KEYWORDS: Data Integration, Schema and Ontology Mapping, Machine Learning, Knowledge Based System,
Data space.
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SB092-008 TITLE: Integrated UGS and UAV Networks for Enabling Persistent ISR

TECHNOLOGY AREAS: Ground/Sea Vehicles, Sensors

OBJECTIVE: Design an innovative UAV-UGS system concept that radically improves persistent wide area
surveillance capabilities.

DESCRIPTION: Today, the development of advanced intelligence, surveillance and reconnaissance (ISR)
technologies plays a key role in improving the overall engagement productivity of the warfighter against asymmetric
threats. Unmanned Aerial Vehicle (UAV) platforms have proven to be a key asset for enabling ISR through their
ability to generate timely information related to target position and identification. However, current UAV platforms
cannot address the persistent surveillance needs associated with wide area search missions requiring long-endurance
monitoring (>6 months) of highly disparate areas of interest spread over large geographic regions. Augmenting
UAYV sensor payloads with advanced unattended ground sensor (UGS) systems has the potential to enable these
missions, especially in difficult environments in which line of sight is limited from overhead assets due to
mountainous terrain and foliage. This program will combine the benefits of the long-term, persistent surveillance
capabilities of UGS with the high resolution, overhead sensing and target tracking capabilities of today’s advanced
UAV platforms. The integrated UAV-UGS system concept would aim to provide the warfighter with the ability to
persistently monitor critical, remote areas (i.e. choke points, caves, etc.) in complex clutter using UGS platforms
distributed over large geographic regions. A key capability would be the ability to handoff target 1D, images and
localization information from UGS systems to loitering UAV assets for supporting further target engagement.
Moreover, fusion of high-resolution ground images from UGS and UAV target reports such as an MTI dot would
aim to improve the quality of the intelligence information leveraged by the analyst.

PHASE I: Develop a high level design for an integrated UGS-UAV system concept that addresses operational
requirements as described above and provide a detailed analysis of predicted performance.

PHASE II: Develop a bench-scale UGS prototype and conduct a demonstration that validates performance through
extrapolation to final system design requirements.

PHASE Il DUAL USE APPLICATIONS: Military application: Surveillance, special operations team planning,
airfield and force protection, improvised explosive device detection, infrastructure protection and ISR. Commercial
application: Law enforcement, search and rescue, and coastal and border surveillance.

REFERENCES:
1. Pendall, David, “Persistent Surveillance and Its Implications for the Common Operating Picture”, Military
Review, Nov/Dec 2005.

KEYWORDS: UAV, UGS, ISR, Endurance, Surveillance.

SB092-009 TITLE: Acoustic Source Separation and Localization

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop and demonstrate a system capable of separating and localizing intermixed sounds in an
auditory scene.

DESCRIPTION: The technical challenge is to develop sensors and controls that are able to separate and locate
intermixed sounds in an auditory scene.

In 1843 physicists Ohm and von Helmholtz, using experiments based on pure tones, proposed Fourier spectrum
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analysis to explain how the ear hears tones with different pitches and established what became known as “Ohm’s
Acoustic Law”. Shortly thereafter, Seebeck saw that the real-world sound environment was composed mostly of
impulsive, random signals, not pure tones. So he began to experiment with impulsive wave-shaped signals. He then
published his ingenious "missing fundamental” experiment, which spectrum theory has yet to explain — but his
findings were rejected by Ohm and Helmholtz. Ohm’s Acoustic Law is how known to be not quite true, though
contemporary auditory theory continues to rely primarily on Fourier spectrum analysis to explain how the ear hears
tones with different pitches. From both fundamental principles and experimental research over some 160 years,
Fourier-type theory has demonstrated its inability to explain how the biological ear is able to “hear everything and
listen to anything” even under the most challenging environmental conditions. There has been no useful model yet
that can emulate that holy grail of auditory research, the ear’s ability to handle the cocktail party effect.

This initiative is seeking an innovative solution that provides the operator the ability to take intermixed sounds (e.g.
crowd of talking people) as input and conduct synchronous real-time source localization and separation.

PHASE I: Determine the technical feasibility of a solution to the acoustic sensing problem described above. The
feasibility will be established as a function of the conceptual design and “breadboarding” of the requisite system
components.

PHASE | deliverables will include: requirements specification, design documentation and source code for the
“breadboarded” system components.

PHASE II: Develop, test and demonstrate the major components of the system against the requirements established
in PHASE 1. The test will consist of synchronously processing the audio from multiple speakers simultaneously in
the same proximity and demonstrating source separation and localization.

PHASE I1l DUAL USE APPLICATIONS: Advanced audio-visual aids for hearing-impaired individuals.

REFERENCES:
1. http://en.wikipedia.org/wiki/Ohm%27s_acoustic_law

KEYWORDS: Acoustic Sensor

SB092-010 TITLE: Day Night Energy Scavenging and Storage

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

OBJECTIVE: Develop and demonstrate novel low-cost, low weight, and highly efficient integrated energy
scavenge/storage device that gathers energy from the natural environmental radiation such as solar and infrared and
stores energy to operate various low power electronic devices.

DESCRIPTION: Current remotely located systems (space, ground, or cave), are typically powered by batteries, but
will eventually drain of energy and need to be replaced. Batteries of the systems cannot be replaced due to location
(enemies region) or due to geographical regions. Future remotely located systems will require energy scavenger
technology which gathers energy from the environmental radiation, covering from UV to long wave infrared
(LWIR) to operate the system or recharge the batteries when necessary. Photons (e.g. radiation) are a good source of
energy for scavenging. Light is available to be harvested from sunlight, lighted buildings and infrared radiation.
Remotely located systems with energy scavenging capability can derive enough energy during the day to store or
recharge the batteries. At night there are still multiple sources of energy available. There is a small amount of light
from night glow that could be made up of starlight and moonlight on clear nights. All structures radiate infrared
wavelength energy and this energy is available at all times. Energy scavenging based on infrared wavelength energy
from thermal radiators, incorporated with energy scavenging based on day-light (UV through near IR) can be
developed to efficiently generate power under all environmental conditions. At environmental temperature, photons
have wavelengths between 3 to 14 fYm. A device developed to convert these photons to electrons could generate
enough energy to operate some low power electronic devices and supplement day light (i.e. solar power) for higher
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energy devices. Infrared harvesting could be tailored to generate energy proportional to the electronic equipmentiis
consumption, provide continuous trickle charge or complement the energy supplied from visible light harvesting.
Energy available to be scavenged are, >100,000 uwW/cm”2 from solar energy during day light, >1000 uwW/cm”2 for
solar indoor, and >4000 uW/cm”2 from typical thermal radiation.

PHASE I: Develop a conceptual design for an integrated solar/infrared harvest structure with a storage facility that
meets the performance requirements for operation in general ambient environment. Maximize the ambient light
absorption harvesting by covering the range of 0.3 um to 2.5 um showing harvesting of 30 mW/cm”2. Also, develop
design for a thermal radiation harvest device that demonstrates efficiency of greater than 2.0 % at standard
temperature and pressure covering the range of 3.0 um to 14 um. Develop detailed analysis of predicted
performance against established parameters.

PHASE II: Fabricate a thermal radiation energy scavenging device with efficiency greater than 2.0 %. Combine this
harvesting device with the solar device that harvests 30 mW/cm”2 in a stacked configuration. Develop the necessary
capability to convert generated power to regulated power and integrated storage to provide power to electronic
devices as part of this stacked device. Demonstrate the performance of the device against established parameters.

PHASE 11l DUAL USE APPLICATIONS: Upon meeting requirements of power conversion and regulation, the
device is to be phased in as a replacement for traditional methods to power electronic devices. Final form factor and
enclosure is to be established to generate a portable electrical power source that can be used in remote areas that are
without available electrical power for electronic equipment. Several of these integrated energy generator/storage
devices will be produced and a series of qualification tests will be conducted, in order to validate the design and
performance characteristics.

The commercialization of this technology is expected to provide low cost, high performance energy scavenger for
wireless systems, remotely located to monitor bridges, crops, security threats, borders etc. This power generation
capability can also be used to gather energy providing power to wireless networks or to re-charge batteries for
electronic devices.

REFERENCES:
1. Proceedings of the DOE Solar Energy Technologies Program Review Meeting, October 25-28, 2004, Denver,
Colorado, Available online at http://www.nrel.gov/docs/fy050sti/37140.pdf

2. Reddy, Thomas B. (edt); Linden, David; Reddy, Thomas Handbook of Batteries, 3rd edition, McGraw Hill,
provides detailed information regarding the design and construction of thermal, liquid reserve, and rechargeable
batteries., 2001

3. Photovoltaic Technologies Beyond the Horizon: Optical Rectenna Solar Cell, Aug. 2001-Sept. 2002, NREL Final
Report, B. Berland, ITN Energy Systems, |Inc. Littleton, Colorado, Available online at
http://www.nrel.gov/docs/fy030sti/33263.pdf

KEYWORDS: Energy Scavenge, Harvest, UV, Visible, Near IR, Mid-IR, Long-IR, Power Generation,
Environment, Thermal, Radiation.

SB092-011 TITLE: Nanowire-based High Linearity RF Amplifiers

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop nanowire-based RF amplifiers to achieve unprecedented levels of high linearity with low
power consumption in support of emerging DoD-critical applications such as wide-dynamic-range phase array radar
or remote sensor network.

DESCRIPTION: Linearity in RF amplifiers is an extremely important property in a signal rich environment due to
interference and jamming. Highly linear amplifiers are critical in the RF front-end processing of communication,
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radar, electronic warfare and other sensor systems. Traditionally, linear amplifiers are designed to trade off
improved linearity against higher power dissipation. Therefore, the linear figure of merit (LFOM) of RF amplifiers,
which is defined as the ratio of the output third intercept point (OIP3) and the power consumption (PDC), is
typically less than ten. Recently, a few revolutionary technical approaches to improve the LFOM have been
reported. For example, a novel wideband amplifier design employing ultra-fast transistors in a classical negative
feedback topography resulted in ultra high linearity without a power penalty. To improve RF amplifiers at the
device level, nanowire-based transistors have recently been predicted to have much higher linearity characteristics
than other traditional devices and require much reduced bias voltage as well. This is fundamentally due to the
combination of the unique one dimensional (1D) transport properties and the 1D density of states of electrons in the
transistor channel. Thus, nanowire-based transistors are potentially promising building blocks for future highly
linear RF circuits. To date, nanowire devices and circuits have been reported in different material systems, such as
carbon nanotubes, silicon, and compound semiconductors. In addition to circuit design challenges using nanowire-
based transistors, other important challenges include high-yield fabrication processes for the large parallel arrays of
nanowires required to obtain sufficient currents for RF applications.

This SBIR will focus on developing nanowire-based RF amplifies with unprecedented levels of high linearity and
low power consumption comparing to the state of the art. In the proposals for this SBIR, the proposers are
encouraged to explicitly propose the material system of the nanowire transistors, and the operation frequency,
bandwidth, the OIP3, and the power consumption of the RF amplifier.

PHASE I: Design a nanowire-based RF amplifier (in a 50 fC impedance environment) that will achieve proposed
high linearity and low power consumption goals. Develop the transistor model and provide a detailed process flow
to fabricate the transistor. Focus on the material system of the nanowire transistors, operation frequency, bandwidth,
the OIP3, and the power consumption of the RF amplifier.

PHASE II: Based on Phase | results, fabricate prototype transistors and RF amplifiers. To demonstrate proposed
high-linearity and low power consumption, the Phase Il transistors and amplifiers should be appropriately tested by
standard DC characterization, S-parameter, and two-tone power measurement.

PHASE Il DUAL USE APPLICATIONS: Successful development of high linearity, low power RF amplifiers
should have the high performance to benefit not only DoD communication, sensing, and electronic warfare systems
but also commercial applications. Commercial applications may include wireless voice/data communications,
RFID, automotive radar, etc.

REFERENCES:

1. Coskun Kocabas, Hoon-sik Kim, Tony Banks, John A. Rogers, Aaron A. Pesetski, James E. Baumgardner, S. V.
Krishnaswamy, and Hong Zhang, “Radio frequency analog electronics based on carbon nanotube transistors,”
PNAS, vol. 105, no. 5, 1405-1409 (2008).

2.Y.Cui, Z. Zhong , D. Wang , W. Wang and C. M. Lieber, “High performance silicon nanowire field effect
transistors,” Nano Lett., vol. 3, no. 2 pp. 149-152 (2003).

3. Runsheng Wang, Jing Zhuge, Ru Huang, Yu Tian, Han Xiao, Liangliang Zhang, Chen Li, Xing Zhang, and
Yangyuan Wang, “Analog/RF Performance of Si Nanowire MOSFETS and the Impact of Process Variation”, IEEE
Trans. Electron Devices, vol. 54, issue 6, pp. 1288-1294 (2007).

4. Shadi A. Dayeh, Cesare Soci, Paul K. L. Yu, Edward T. Yu, and Deli Wang, “Transport properties of InAs
nanowire field effect transistors: The effects of surface states,” J. Vac. Sci. Technol. B Volume 25, Issue 4, pp.
1432-1436 (2007).

KEYWORDS: Carbon Nanotube, Nanowire, Linear Amplifier, Output Third Intercept Point.

SB092-012 TITLE: Super Resolution Focal Plane Array
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TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Develop an infrared focal plane array (FPA) architecture that leverages biological systems, providing
increased spatial resolution relative to conventional sensors and response to multiple spectral bands, with sensor size
and volume fifty percent smaller than a conventional sensor.

DESCRIPTION: Vision systems play a crucial role in military operations, from long range surveillance platforms to
the eyes of the individual warfighter. Applications include locating and tracking individual targets over a wide field
of view and at long range, maintaining track through obscurants and defilade, dealing with multiple targets
simultaneously, and navigation, especially for small air and ground vehicles. In each of these applications, the
sensor figures-of-merit are related to resolution, signal to noise, detection range and spectral resolution, within the
volume and size constraints of the platform.  Conventional FPAs are limited in their capability to meet all
performance metrics within a small size and weight package. This is primarily due to the use of relatively large size
detectors and a limited number of spectral detection bands, with a major deficiencies being the detector
configuration and the architecture of the readout integrated circuit.

The objective of this program is to develop an innovative sensor architecture that has an adaptable resolution
capability, and multi-color spectral sensitivity similar to the human eye, and with on-focal plane processing to
optimize the spatial resolution and spectral bands to maximize information extraction from the scene The program
addresses a focal plane architecture which is designed to leverage biological analogs and recent progress in flat
optics. Innovative ideas are encouraged that will extend imaging sensor performance beyond conventional
resolution and sampling limitations, providing super-resolution in a system-on-a-chip type architecture. The sensor
architecture should also include a degree of adaptability to optimize imaging performance to changing conditions,
environments and tasks. The implementation is based upon short wave infrared to mid-wave spectral bands, but
long terms goals are to have a multispectral FPA that can provide unpresidented sensitivity, resolution, and spectral
agility over the SWIR, MWIR, and LWIR waveband region in a compact package.

PHASE I: Develop concepts for super resolution infrared imaging sensor with focal plane multiple object track
processing. Address novel readout integrated circuit (ROIC) designs that accommodate multi-target detection and
advanced processing features to enhance resolution. Perform simulations of the sensor architecture to validate
enhanced performance and adaptability to varying scenes and environments.

PHASE II: Develop a prototype super resolution focal plane array, sensitive in the short wave or mid wave infrared,
that will demonstrate the feasibility of the sensor recommended in Phase I. Design of the demonstration prototype
should be a minimum of 64 x 64 elements and provide the optical and electronic interfaces for benchtop imaging
demonstration of the device.

PHASE 11l DUAL USE APPLICATIONS: Military applications: Transition the Multi Spectral Super resolution
FPA multi-target tracking sensors into programs of military interest including UAVs, micro UAVSs, missile seekers,
ground vehicles and other platforms.

REFERENCES:

1. J W Duparre, F C Wippermann, “Micro-optical Artificial Compound Eyes”, Institute of Physics Publishing,
Bioinspiration & Biometrics, 6 April 2006, p R1-R16

2. R Volkel, M Eisner, K J Weible, “Miniaturized Imaging Systems”, Microelectronic Engineering, 67-68 (2003)
461-472.

3. J. T. Caulfield,, P. L. McCarley, M. A. Massie, C. Baxter, “Performance of Image Processing Techniques for
Efficient Data Management on the Focal Plane”, Proc. SPIE, Vol. 6295, 62950B (2006);San Diego, 2006.

4, Processes in Color Vision, at www.4colorvision.com

KEYWORDS: Super Resolution, Multispectral Imaging, Readout Integrated Circuits, Biometric Vision.
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SB092-013 TITLE: Advanced Extremely Low Frequency (ELF) to Very Low Frequency (VLF)
Antenna System

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Design and demonstrate an advanced extremely low frequency to very low frequency ELF-VLF
antenna system concept.

DESCRIPTION: Detection and characterization of underground facilities and tunnels is a continuing concern to the
U.S. Military. Such facilities can be used to conceal threats to the U.S. National Security and illegal activities.

Investigations are on-going with several geophysical methods to detect tunnels. These include acoustics, seismics,
electromagnetics, gravity gradiometry, and tellurics. Telluric currents are the movement of electric currents in the
ground or sea resulting from natural causes as well as human activity.

The frequencies applicable to underground imaging can fall below 10kHz. The challenge to operating at such low
frequencies is that the energy, either for active illumination as well as receiving, cannot be readily directed under
traditional antenna theory. A transmitting antenna system in this frequency domain using standard antenna designs
would be sufficiently large as to inhibit operational utility . A dipole at 1 kHz would have an antenna length of 150
km. (For example, see U.S. patent 3,806,944, which describes an aircraft VLF/LF frequency diversity transmitting
antenna). A typical receiving antenna at these frequencies is a magnetic loop which is smaller but has low gain and
poor directionality and often requires significant loading (For example, see U.S. Patent 6,600,458, which describes
an ELF/VLF magnetic loop antenna). Lacking the ability to direct energy, current commercial practice recovers
spatial resolution at low frequencies by using measurements at multiple geographic points to decouple the
originating underground sources.

Operationally, DARPA visualizes the injection of RF energy from an airborne platform to illuminate an
underground area of interest. The RF would stimulate telluric currents which would be measured from the same
airborne platform. An advanced ELF-VLF antenna system would be used in both transmit and receive modes.

DARPA is seeking innovative solutions for advanced antenna design and materials that enable the design and
prototyping of a small, directional transmitting-receiving antenna capable of operating in the frequency range form
from 1 Hz to 100 kHz. The antenna would have directivity or gain, small size (less than 1 meter in any dimension),
high antenna efficiency (considering all losses from transmitter through antenna radiation), narrow beamwidth,
highly positive forward to back ratio, and be capable of supporting a nominal 1000 watts input power. Trade-offs
between antenna design parameters and the application of new materials and antenna designs should yield
acceptable solutions. (For example, see U.S. Patent 6,888,511, which describes an approach to reducing the physical
size needed for resonance; U.S. Patent 7,486,242, which describes an antenna consisting of a multilevel structure
combined with multilevel and/or space filling ground-plane for microwave antennas; U.S. Patent 6,452,553, which
describes an antenna includes at least one element whose physical shape is at least partially defined as a second or
higher iteration deterministic fractal; and U.S. Patent 6,958,735, which describes a volumetrically compact and
efficient antenna.)

PHASE I: Design a concept for an advanced ELF-VLF antenna system. Validate the feasibility and practicality of
the proposed concept. Develop detailed analysis of predicted performance against proposed metrics based on
analytical studies, simulation, and/or experiments. To support this phase, the performer will:

* Provide a test plan to support concept development and validation, which may include analysis of numerical
simulations and relevant site data collections.

» Characterize concept performance.

« Develop system design necessary to achieve the stated performance.

The minimum expected deliverables are:

« Performer defined test/validation plan.
« Concept System Design with initial Concept of Operations.
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» Monthly performance and financial reports.

* Quarterly reviews including kick-off review and a final review.

« Final Report providing a technical description of the concept and a detailed account of the technical results of the
effort including projected performance against the proposed metrics.

* Phase Il Plan.

PHASE II: Develop a prototype and demonstrate the proposed functionality. Validate system performance in a
realistic environment based on integration of instrument-grade components. The demonstration system will consist
of non-SWaP hardware and non-real time algorithms to validate capability against the metrics in a system context.
Demonstrate actual end-to-end function of a representative technology. Verify the system concept(s) advanced in
Phase 1.

All efforts should be focused on phenomenology, sensor arrangements, and data exploitation and reasoning. The
proposed concept should not be constrained by SWAP, sensor miniaturization, or wireless communications. Sensors
may be hard-wired. Moving sensors may be approximated with discrete measurements, if desired.

DARPA expects the offeror will achieve TRL 4 "Component and/or bread-board validation in laboratory
environment" by the end of this Phase.

To support this phase objective, the performer will:

* Provide a test plan to support concept development and validation, which may include analysis of numerical
simulations and relevant site data collections.

* Design and build demonstration hardware and software. Hard-wired sensor interconnects, full system calibration,
and off-line processing are permitted.

* Characterize the demonstration hardware and software.

» Demonstrate the full demonstration system to DARPA.

» Demonstrate achievement of the Offeror"s metrics.

The minimum expected deliverables are:

e Test plan

« Validated functional prototype.

» Monthly performance and financial reports.

* Quarterly reviews and reports including kick-off review and a final review.

* Final Report providing a detailed account of the technical results of the effort, including quantitative performance
metrics and system requirements for an objective system.

PHASE 11l DUAL USE APPLICATIONS: The advanced ELF-VLF antenna system would significantly contribute
to the advancement of the state-of-the-art in underground facility and tunnel detection. Smaller antennas operating in
the HF frequency range and lower would significantly improve military communications at all levels.

Commercial broadcasters and amateur radio operators would greatly benefit from improved operations resulting
from the increase in efficiencies for low frequency operations.

REFERENCES:

1. http://en.wikipedia.org/wiki/Extremely_low_frequency

2. U.S. patent 3,806,944, "VLF Frequency Diversity Trailing Wire Transmitting Antenna"
3. U.S. Patent 6,600,458, "Magnetic loop antenna"

4. U.S. Patent 6,888,511, "Physically small antenna elements and antennas based thereon"
5. U.S. Patent 7,486,242, "Multiband antenna for handheld terminal”

6. U.S. Patent 6,452,553, "Fractal antennas and fractal resonators"

7. U.S. Patent 6,958,735, "Compact and efficient three dimensional antennas"

KEYWORDS: Antenna ELF VLF Design.
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SB092-014 TITLE: Adaptive Polymer Lens

TECHNOLOGY AREAS: Sensors, Electronics

OBJECTIVE: Investigate and identify novel dispersive and nonlinear properties of adaptive polymer lenses for use
in optical imaging systems.

DESCRIPTION: Optical components and lenses used in imaging systems, such as a camera or rifle scope, have a
limited ability to be rapidly reconfigured. To alter the zoom or focus of the system, imaging lenses need to be
mechanically translated. Current rifle-scope solutions require manual actuation (Elcan Spectre DR and Leupold
CQT Mark 1V) are manually actuated requiring that one hand be removed from the rifle, reducing reaction time. In
addition, the scope adds significant weight, over 1.3 Ibs, to a rifle.

Under the DARPA Bio-Optic Synthetic Systems (BOSS) program, a new adaptive polymer lens has been developed
to address this problem. In the polymer lens, an elastomeric polymer is deformed to allow for strain induced focal
length change mimicking the human eye. Conventional mechanically translated lenses can now be replaced with a
stationary reconfigurable optic. The BOSS lenses can be utilized in a rifle scope to allow for electronic zoom
actuation at a reduced weight.

Due to the chemical structure of the polymers used in the lenses, they often have nonlinear and chromatic properties
that are substantially different from conventional glasses. The dispersive properties of the lens can potentially be
manipulated to correct for the chromatic aberration of the human eye, allowing for a rifle scope to create a sharper
image than possible with conventional low cost optics. Alternatively the nonlinear properties may allow for the lens
to act as an intensity dependent switch.

PHASE I: Examine, identify, and develop elastomeric polymers, with unique dispersive and nonlinear properties,
that can be used to develop new optical system designs. Consider the potential of adaptive polymer lenses in
reducing the size and weight of electro-optical sensors, as well as the potential for these sensors to be reconfigured
rapidly to different operational wavelengths.

1) Analyze the chromatic dispersion and nonlinear optical properties of adaptive polymer lenses at visible and near-
IR wavelengths.

2) Identify compatible elastomeric polymer compounds that can be used for operation at mid-IR wavelengths.

3) Determine technical feasibility of large (50-mm diameter) adaptive polymer lenses with less than 1-wave surface
error.

4) Develop candidate design concepts for a telescopic lens system able to continuously scale from 1x — 4x zoom,
which can compensate for the chromatic error of the human eye across the visible spectrum.

PHASE II: Required Phase Il deliverables will include:

1) Fabricate a prototype dynamic-zoom rifle scope (continuous 1x to 4x zoom), utilizing an adaptive polymer lens,
that can compensate for the chromatic error of the human eye.

2) Fabricate a prototype 50-mm diameter adaptive polymer lens with less than 1-wave surface error.

3) Fabricate a prototype adaptive polymer lens that can be used in the mid-IR (3-micron wavelength) with less than
0.5-dB attenuation

4) Develop concept designs for the dynamic-zoom rifle scope that can protect the human eye from laser blinding, at
arbitrary visible wavelengths, utilizing the dispersive and nonlinear properties of the elastomeric polymer.

At the end of Phase Il, the TRL targets are; tasks 1 & 2 at TRL 4, task 3 at TRL 3, and task 4 at TRL 2.

PHASE 11l DUAL USE APPLICATIONS: The most significant impact would be in using the large dispersive and
nonlinear properties of adaptive polymers to allow for new electro-optic sensor designs for a number of military
applications in optical systems ranging from reconfigurable rifle scopes to low-cost chromatic dispersion
compensation. Potential commercial use of the technology would include rapid autofocus and zoom lenses for
cameras.
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REFERENCES:
1. H. Ren, S. Xu, Y. J. Lin, and S. T. Wu, “Adaptive-Focus Lenses,” Optics and Photonics News, p. 43-37, October
2008.
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SB092-015 TITLE: Special Nuclear Material (SNM) Detection

TECHNOLOGY AREAS: Weapons, Nuclear Technology

OBJECTIVE: Develop and demonstrate innovative techniques for detection of special nuclear material (SNM)
(plutonium, uranium-235, or uranium enriched in the isotopes uranium-233 or uranium-235) at greater than 5 km.

DESCRIPTION: SNM detection at long ranges (> 5 km) in the atmosphere is currently not possible using known
physics based techniques e.g., neutron and gamma ray detection. The SNM is assumed to be containerized
preventing Alpha and Beta emissions. DARPA is looking for innovative ways of using non-traditional or multi-
discipline approaches to solving the SNM detection problem.

DARPA is not interested in incremental improvements to existing technologies but new and innovative ways to
solve the long range detection problem. Traditional multi-discipline approaches include, but are not limited to,
particle physics, photonics, chemistry, life sciences, material sciences, electronics, and advanced signal processing.
Non-traditional science disciplines are encouraged to consider how their domains might contribute to solving this
problem. The non-traditional disciplines include, but not limited to, photonics, chemistry, life sciences, material
sciences, electronics, and advanced signal processing. They can stand on their own or work together with other
disciplines to include the traditional nuclear physics approaches.

Ideally, the new technique(s) should have traceability to extended ranges to support future SNM sensor payloads on
aircraft or satellites. Passive concepts will be selected over active techniques if the desired performance goals are
achieved.

Performance Goals

Range: > 5 km

Integration time: < 10 min

Pd: >95%

Pf: <0.01 (see Phase I discussion on layered approaches)

Materials detected: (plutonium, uranium-235, or uranium enriched in the isotopes uranium-233 or uranium-235.

agrwdE

PHASE I: Develop an approach based on a layered concept of operations with the first layer being a search mode.
The search mode must scan a large volume and detect and locate SNM with a high probability of detection (> 95%)
with < 10 min integration times. A high false alarm rate is acceptable if the proposed concept or another concept
can use the suspected SNM location detected in level 1 to resolve the false alarm rate to an insignificant level
<0.01%.

Determine the technical feasibility of the approach and establish performance goals for the proposed concept.
In addition, approaches will be expected to have packaging traceability as aircraft sensors or spacecraft sensors.

The final report will contain quantitative scientific analysis of the approach to include equations, parametric models
and simulations. New or unique phenomenology must be addressed in detail such that a follow-on laboratory
experiment would be the logical next step in proving the feasibly of the approach. A Phase Il plan shall also be
delivered.

PHASE II: Based on the Phase | results, develop, test and demonstrate the approach using a breadboard

implementation that includes all the relevant, untested phenomenology. Design, build and test the prototype
concept. Plan a Phase Il experiment that will demonstrate the feasibility of achieving >5km detection of SNM
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through clear atmospheric conditions at 1 atm. This demonstration will prove a technology readiness level of 4 or 5.

This design will have sufficient detail to allow DARPA to properly assess the size, weight, power and performance
metrics for the design.

PHASE Il DUAL USE APPLICATIONS: Potential commercial applications include SNM sensor suites and
platforms developed for boarder patrol, police departments, and the Coast Guard.

REFERENCES:
1. Byrd, R.C. et al., Nuclear detection to prevent or defeat clandestine nuclear attack, IEEE Sensors Journal, volume
5, issue 4, 593-609, (2005).

KEYWORDS: Special nuclear material (SNM), Plutonium, Uranium, Standoff Detection, Remote Sensing.

SB092-016 TITLE: Networked Cubesat Clusters

TECHNOLOGY AREAS: Electronics, Space Platforms

OBJECTIVE: Demonstrate the requisite technologies and capabilities of a cluster of distributed CubeSats to conduct
a challenging mission that could not be performed by a single CubeSat.

DESCRIPTION: CubeSats, which are small (approximately 1 kg) and relatively inexpensive satellites, have grown
in popularity as an approach that allows affordable and rapid entry into space science and exploration for
universities, research laboratories, and small companies. Because of the small size of a CubeSat, the overall utility of
data products is limited. This research effort focuses on the possible implementation of a networked cluster of
CubeSats that, working closely together in orbit, can provide enhanced value to a potential stakeholder, while still
retaining the relative low cost and rapid construction features of single CubeSats. Networking a group of CubeSats
could allow multiple sensors to operate in unison to provide a correlation and/or integration of multiple distinct
and/or similar data products, as well as a sharing of resources (e.g. computing, downlink). An innovative networked
approach toward cubesat operations could possibly move these small satellites from the realm of research to that of
valuable assets for a variety of users. Creative methods used to integrate individual cubesats into a larger
cooperative framework may require development of new novel space technologies, including (but not limited to)
resource sharing software design, micro-scale space tolerant network routing and switching electronics, radiation
protecting packaging allowing the use of commercially available memory hardware, and attitude control schemes for
tethered cubesats. To further develop innovative approaches in this topic, it is desired that each cubesat in the design
peform a unique function in support of payload elements carried by one or more of the cubesats.

PHASE I: Develop a complete mission concept that will utilize a combination of two or more CubeSats to
demonstrate a novel approach towards a mission of choice.

Phase | deliverables include:

« A Critical design of the spacecraft system, including the payload(s) and ground system
» A Concept of Operations for the launch

» A Concept of Operations for the operations and Data collection process of the system
* A detailed cost and schedule profile for Phase II.

PHASE II: Implement the system design developed in Phase I. This will involve construction, launch and operation
of the CubeSat cluster, integration of the payload sensor(s) designed and built as part of this effort. Launch costs
should not be part of the Phase Il budget, as they will be paid for by other means.

Phase Il deliverables include:

» The Spacecraft, integrate, tested, and ready for launch

A ground system, fully tested and functioning

» Documentation required for operating the satellites and collecting payload data.
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PHASE |1l DUAL USE APPLICATIONS: Dual use applications include a new class of low-cost, cooperative,
distributed satellite sensing systems for other key space missions (earth observing, earth weather, etc.). Such
sensing clusters could also provide inputs to overall space situational awareness.

REFERENCES:
1. CubeSat http://www.cubesat.org/
2. AMSAT CubeSat: http://www.amsat.org/amsat-new/satellites/cubesats.php

KEYWORDS: CubeSat, Cluster Operations, Space Systems.

SB092-017 TITLE: Advanced Solar Energy Collection & Storage

TECHNOLOGY AREAS: Air Platform, Ground/Sea Vehicles, Materials/Processes, Sensors, Electronics, Space
Platforms

OBJECTIVE: Design, manufacture and test radiation resistant, thermally tolerant and highly efficient photovoltaic
cells or high energy density electric storage technology optimized for space applications. Follow on efforts must
manufacture and test the proposed technologies enabling potential space or renewable energy military applications.

DESCRIPTION: Many established and entrepreneurial companies, universities and laboratories are developing
photovoltaic cell and electrical energy storage technology. Solar cell efficiencies around 40% has been
demonstrated in the laboratory with multiple growth paths to longer term efficiencies of 50% or more. Similarly,
energy storage technology (batteries, fuel cells, and other electrical/mechanical devices) has been demonstrated at
100 to 300 watt-hours/kilogram with potential growth paths promising order of magnitude improvements. However,
where most of the above are optimized for terrestrial applications, the goal of this solicitation is to leverage private
sector investments to develop photovoltaic and energy storage systems engineered and optimized for the space
environment, most likely also having terrestrial applications.

For photovoltaic cells the objective shall be demonstrating at least 40% to 50% efficiency using the AMO solar
spectrum with solar concentration encouraged. The use of solar cell concentrators is an important approach to
reducing cost and weight while generally increasing efficiency. Solar concentration significantly reduces the solar
cell area resulting in lower costs and weight, but requiring operation in a high temperature environment. The Fast
Access Spacecraft Testbed program is designing arrays optimized for such extreme environments with solar array
concentration ratios of 10 to 100X. The cells must survive at least 20 thirty day orbit transfers through the Van
Allen radiation belts with minimal radiation degradation. For energy storage the objective shall be demonstrating
greater than 500 watt-hour/kilogram storage and able to survive the space environment including radiation and
thermal extremes. More generally, the technologies for both solar cells and energy storage should be designed and
analyzed for space launch and on-orbit environments, as well as affordability and manufacturability.

The offeror must demonstrate a clear understanding of the component technologies, potential applications and
associated benefits/liabilities. Component technology descriptions should include the materials, processes, test and
manufacturing approach, including how all efficiencies will be measured. The primary application of interest is
improved solar electric arrays for military space systems such as the Fast Access Spacecraft Testbed whose goal is
demonstrating a 130 W/Kg specific power. Improved cell efficiencies and energy storage promises to dramatically
improve such solar arrays with much higher specific powers and operation through eclipse. Enabled capabilities
range from dramatically smaller, more survivable and efficient high power systems to extremely rapid orbit transfer
using electric propulsion with efficiencies akin to aircraft today.

Other applications should also be identified including both potential terrestrial military (land, air and sea) and
commercial renewable energy applications. Secondary benefits of the technologies should also be identified. For
example, depending on the approach, radiation and thermally tolerant cells especially in concentrator systems may
enable highly survivable solar arrays resistant to directed energy or radiation. Amorphous silicon cells exemplify
near radiation immunity, but have efficiencies of only 8.5% resulting in huge solar arrays. Materials offering much
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higher efficiencies and also radiation resistance or thermal annealing properties during operation would be ideal.
Similarly, high thermally tolerant concentrator arrays offer the potential for dramatically reduced cell acreage and
dramatically improved affordability for terrestrial commercial applications.

PHASE I: Identify potential applications of the proposed technology. Although multiple applications are
encouraged, to help assess the military utility the primary application evaluated shall be military space systems such
as the Fast Access Spacecraft Testbed solar electric array. The offeror shall identify radiation resistant, thermally
tolerant solar cell concepts with at least 40% efficiency, as well as technology improvements that could eventually
lead to 50% efficiencies or better. In addition, the offeror may identify a high electrical energy storage concept
capable of storing at least 500 watt-hours/kilogram and suitable for long duration spaceflight with many
charge/discharge cycles, as well as technology improvements leading to improved energy densities.

The offeror shall develop a specific system design and identify the performance goals, technical feasibility, and
innovative enabling technologies and alternatives. The design should include a detailed phase 11 development plan
for the technology addressing cost, schedule, performance and risk reduction. Technology and hardware risk
reduction demonstrations at the component and/or system level should be identified, along with manufacturing and
testing required carrying the program into phase Il and Ill. Hardware risk reduction during phase | is encouraged
although not required. As a minimum the phase | deliverables will include system level applications, a system
design and a Phase Il development plan.

PHASE II: Finalize the phase | design, then develop, demonstrate and validate the system design and component
solar cell and/or energy storage technologies. Design, manufacture, test and demonstrate the experimental
technology defined in Phase I. The Phase Il demonstration should advance the state of the art to between
Technology Readiness Level 4 and 5, as a goal ready for a developmental program leading to a near term spaceflight
experiment. Required phase Il deliverables will include the experimental prototype hardware and a final report
including design data, manufacturing and test plan, test data, updated future applications, etc.

PHASE Il DUAL USE APPLICATIONS: The offeror will identify military and commercial applications of the
proposed innovative technology(s). Technology transition and/or commercialization opportunities will be identified
along with the most likely path for transition from SBIR research to an operational capability. The path should
include one or more commercial applications, as well as specific military applications and operational customers.

REFERENCES:
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