ONR BAA Announcement Number 05-017

BROAD AGENCY ANNOUNCEMENT (BAA)

INTRODUCTION:

This publication constitutes a Broad Agency Announcement (BAA) as contemplated in
Federal Acquisition Regulation (FAR) 6.102(d)(2) and Department of Defense Grant and
Agreement Regulation (DODGARS) 22.315. A formal Request for Proposals (RFP),
solicitation, and/or additional information regarding this announcement will not be issued.

The Office of Naval Research (ONR) will not issue paper copies of this announcement. The
ONR and Department of Defense (DoD) agencies involved in this program reserve the right
to select for award all, some or none of the proposals submitted in response to this
announcement. ONR and other participating DoD agencies provide no funding for direct
reimbursement of proposal development costs. Technical and cost proposals (or any other
material) submitted in response to this BAA will not be returned. It is the policy of ONR and
participating DoD agencies to treat all proposals as sensitive competitive information and to
disclose their contents only for the purposes of evaluation.

The DoD Multidisciplinary University Research Initiative (MURI), one element of the
University Research Initiative (URI), is sponsored by the DoD research offices: the Office of
Naval Research (ONR), the Army Research Office (ARO), and the Air Force Office of
Scientific Research (AFOSR) (hereafter collectively referred to as "DoD agencies").

l. GENERAL INFORMATION

1. Agency Name

Office of Naval Research

875 North Randolph Street — Suite 1425
Code 363

Arlington, VA 22203-1995

2. Research Opportunity Title

Multidisciplinary University Research Initiative (MURI)



3. Program Name

Fiscal Year 2006 Department of Defense Multidisciplinary Research Program of the
University Research Initiative

4. Research Opportunity Number

BAA 05-017

5. Response Date

White Papers: Tuesday, 09 August 2005

Full Proposals: Thursday, 03 November 2005
6. Research Opportunity Description

The MURI program supports basic science and/or engineering research at U.S. institutions
of higher education (hereafter referred to as “universities”) that is of critical importance to
national defense. The program is focused on multidisciplinary research efforts that intersect
more than one traditional science and engineering discipline to address issues of critical
concern to the DoD.

The Fiscal Year (FY) 2006 MURI competition is for the 26 topics listed below. Detailed
descriptions of the topics can be found in Section VIII SPECIFIC MURI TOPICS, of this BAA.
The detailed descriptions are intended to provide the proposer a frame of reference and are
not meant to be restrictive to the possible approaches to achieving the goals of the topic
and the program. Innovative ideas addressing these research topics are highly encouraged.

White papers and full proposals addressing the following topics (1) through (10) should be
mailed to the Office of Naval Research (ONR):

(1) Effects of Implosion on Surrounding Structures

(2) Remote Sensing of Seafloor Properties in Denied Areas

(3) Energetic Material Initiation Mechanisms for Insensitive Munitions & Counter IED
Applications

(4) Assimilation of Emerging Remote Sensing Data Types into Dynamic Ocean Models
(5) Image Understanding for Persistent Surveillance

(6) Structural Iron-based Alloys with High Magnetostriction

(7) Reconfigurable Human-Agent Collaboration: Human Performance in Network-Centric
Operations

(8) Impulse Loading Effects on Marine Structures

(9) Multifunctional EMO (Electrical, Magnetic and Optical) Chip

(10) Novel Vaccines and Antibiotics: Targeting and Exploiting the Bacterial Quorum Sensing
Pathway

White papers and full proposals addressing topics (11) through (18) should be mailed to the
Air Force Office of Scientific Research (AFOSR):

(11) Health Monitoring and Materials Damage Prognosis for Metallic Aerospace Propulsion
and Structural Systems

(12) Multi-Functional Design for Combined Load-Bearing and Power Generation Capabilities:
Structural Integration of Energy Harvest Function



(13) Negative Index Materials (NIMs)

(14) Silicon-Based Lasers and Nanophotonics

(15) Bioengineering for Compact, Sustainable Power

(16) Dynamic, Adaptive Techniques for Adversary Behavior Modeling
(17) High Confidence Design for Distributed, Embedded Systems
(18) Performance Prediction and Modeling for Active Vision

White papers and full proposals addressing topics (19) through (26) should be mailed to the
Army Research Office (ARO):

(19) Bio-integrating Structural and Neural Prosthetic Materials

(20) Spatial-Temporal Event Pattern Recognition

(21) Self Assembling Metallic/Metalloid Cluster Materials

(22) OMNI-Optical Materials with Negative Index

(23) Monolithic Silicon Microbolometer Materials for Uncooled IR Detectors

(24) Ultrafast Switching for Optical Imaging

(25) Ultrafast, Non-equilibrium Laser-Material Interactions

(26) Urban Target Recognition by Ad-Hoc Networks of Imaging Sensors and Low-cost,
Nonimaging Sensors

Proposals from a team of university investigators may be warranted because the necessary
expertise in addressing the multiple facets of the topics may reside in different universities,
or in different departments in the same university. By supporting multidisciplinary teams,
the program is complementary to other DoD basic research programs that support
university research through single-investigator awards. Proposals must name one Principal
Investigator as the responsible technical point of contact. Similarly, one institution will be
the primary awardee for the purpose of award execution. The relationship among
participating institutions and their respective roles, as well as the apportionment of funds
including sub-awards, if any, must be described in both the proposal text and the budget.

Historically Black Colleges and Universities and Minority Institutions (HBCU/MIs) (as defined
by 10 U.S.C. 2323a (1) (c)) are encouraged to participate in the MURI program, either as
the lead institution or as a member of a team. However, no specific funds are allocated for
HBCU/MI participation.

7. Point(s) of Contact

A Research Topic Chief is identified for each specific MURI Topic. Questions of a technical
nature shall be directed to the Research Topic Chief identified in Section VIII of this BAA.

Questions of a policy nature shall be directed to ONR's Corporate Programs Division, as
specified below:

ONR MURI Program Point of Contact:

Dr. Bill Lukens
MURI Program Manager, Corporate Programs Division

Office of Naval Research, Code 363

875 North Randolph Street — Suite 1425

Arlington, VA 22203-1995

Telephone Number: (703) 696-4111
Facsimile Number: (703) 588-1013

Email Address: 363 MURI@onr.navy.mil




Questions of a business nature shall be directed to ONR's Contract and Grant Awards
Division, as specified below:

ONR Business Point of Contact:

Vera M. Carroll
Contract and Grant Awards Division
Office of Naval Research, Code 251
875 North Randolph Street — Suite 1425
Arlington, VA 22203-1995
Telephone Number: (703) 696-2610
Facsimile Number: (703) 696-0066
Email Address: carrolv@onr.navy.mil

8. Instrument Type(s)
It is anticipated that all awards resulting from this announcement will be grants.

9. Catalog of Federal Domestic Assistance (CFDA) Numbers
12.300 Basic and Applied Scientific Research

10. Catalog of Federal Domestic Assistance (CFDA) Titles
CFDA Title: Basic and Applied Scientific Research
11. Additional Information

The Non-ONR Agency Information:

Air Force Office of Scientific Research
875 North Randolph Street
Suite 325, Room 3112
Arlington, VA 22203-1768

Army Research Office
4300 S. Miami Blvd
Durham, NC 27703-9142

The previous MURI competition comprised ONR BAA #04-021 dated 17 June 2004 for the
FYO5 Multidisciplinary University Research Initiative Program.

1. AWARD INFORMATION

It is anticipated the awards will be made in the form of grants to universities. The awards
will be made at funding levels commensurate with the proposed research and in response to
agency missions. Each individual award will be for a base period of three years, to be
funded incrementally or as options. Two additional years of funding as an option are
possible, to bring the total maximum term of the award to five years.


mailto:carrolv@onr.navy.mil

Total amount of funding for five years available for grants resulting from this FY06 MURI
BAA is estimated to be about $147M, pending out-year appropriations. It is anticipated that
the average award will be $1M per year, with the funding for each award dependent on the
scope of the proposed research. Depending on the results of the proposal evaluation,
there is no guarantee that any of the proposals submitted in response to a
particular topic will be recommended for funding. On the other hand, more than
one proposal may be recommended for funding for a particular topic.

1. ELIGIBILITY INFORMATION

This MURI competition is open only to, and full proposals are to be submitted only by, U.S.
institutions of higher education (universities), with degree-granting programs in science
and/or engineering. Ineligible organizations (e.g. industry, government, and non-profit
research laboratories) or foreign universities may collaborate on the research but may not
receive MURI funds, directly or via subaward. When a modest amount of additional funding
for a DoD laboratory or a Federally Funded Research and Development Center (FFRDC) is
necessary to make the proposed collaboration possible, such funds may be requested via a
separate proposal from that organization. This supplemental proposal should be attached to
the primary MURI proposal and will be evaluated separately by the responsible program
manager. If approved, the supplemental proposal will be funded by the responsible agency
using non-URI funds. Since it is not certain that non-URI funding would be available for
non-university participants, Principal Investigators are encouraged to restrict funding
requests to university participants when practical.

The Canadian government, through Defense Research and Development Canada, has
expressed an interest in encouraging collaboration between Canadian researchers and U.S.
researchers on the MURI program in research areas of mutual interest. Canadian university
researchers, since they are not eligible to receive MURI funds, will be using their own
resources that, most likely, will be provided by Canadian government granting agencies.
Potential proposers are encouraged to take advantage of this opportunity to collaborate and
team with Canadian researchers at no additional cost to DoD if there is suitable expertise
that can enhance and strengthen the MURI project.

1V. APPLICATION AND SUBMISSION INFORMATION
1. Application and Submission Process

The proposal submission process is in two stages. Prospective proposers are encouraged to
submit white papers. The reason for requesting white papers is to minimize the labor and
cost associated with the production of detailed full proposals that have very little chance of
being selected for funding. Based on an assessment of the white papers, the responsible
Research Topic Chief will provide informal feedback to the proposer to encourage or
discourage them to submit full proposals. White papers arriving after the deadline may not
receive, and therefore may not benefit from, the informal feedback. However, all proposals
submitted under the terms and conditions cited in the BAA will be reviewed regardless of
the feedback on, or lack of, a white paper.

The due date for white papers is no later than 4:00 PM (Eastern Daylight Time) on 09
August 2005. Proposers will receive feedback on white papers on or about 01 September
2005. The due date for full proposals is no later than 4:00 PM (Eastern Standard Time) on
03 November 2005. Notification of recommendation for award will be announced on or
about 25 January 2006.



2. Content and Format of White Papers and Full Proposals

The white papers and full proposals submitted under this BAA are expected to address
unclassified basic research. The full proposal submissions will be protected from
unauthorized disclosure in accordance with FAR 15.207, applicable law, and DoD
regulations. Proposers are expected to appropriately mark each page of their submission
that contains proprietary information. White papers and full proposals should be stapled in
the upper left hand corner; plastic covers or binders should not be used. Separate
attachments, such as individual brochures or reprints, will not be accepted. Grants awarded
under this announcement will be unclassified.

White Paper Format

A WHITE PAPER MAY BE SUBMITTED EITHER ELECTRONICALLY OR IN HARD COPY FORM.
FOR ELECTRONIC (as relevant) AND HARD COPY SUBMISSION:

Paper Size - 8.5 x 11 inch paper

Margins - 1 inch

Spacing - single

Font — Times New Roman, 12 point

Number of Pages — no more than four (4) single-sided pages (excluding cover letter,
cover, and curriculum vitae). White papers exceeding the page limit may not be
evaluated.

e Copies - one (1) original and two (2) copies (applies only to hard copy submission)

White Paper Content

e A one page cover letter (optional)

e Cover Page - The cover page shall be labeled "PROPOSAL WHITE PAPER”

and shall include the BAA number 05-017, proposed title, and proposer’s technical
point of contact, with telephone number, facsimile number, and email address
Identification of the research and issues

Proposed technical approaches

Potential impact on DoD capabilities

Potential team and management plan

Summary of estimated costs

Curriculum vitae of key investigators

White papers should be sent to the attention of the responsible Research Topic Chief at the
agency specified for the topic using the address provided in Section IV. 5. The white paper
should provide sufficient information on the research being proposed (e.g. hypothesis,
theories, concepts, approaches, data measurements and analysis, etc.) to allow for an
assessment by a technical expert. It is not necessary for white papers to carry official
institutional signatures.

Full Proposal Format : Volume 1 - Technical Proposal and Volume 2 - Cost Proposal

A FULL PROPOSAL MUST BE SUBMITTED IN HARD COPY FORM.

Paper Size - 8.5 x 11 inch paper
Margins - 1 inch

Spacing - single

Font — Times New Roman, 12 point



e Number of Pages — Volume 1 is limited to no more than twenty (20) single-sided
pages. The cover, table of contents, list of references, letters of support, and
curriculum vitae are excluded from the page limitations. Full proposals exceeding
the page limit may not be evaluated. Volume 2 has no page limitation.

e Copies - one (1) original and five (5) copies

Full Proposal Content

VOLUME 1: Technical Proposal

e Cover: A completed cover (consisting of the two single-sided pages provided in
Section IX) MUST be used as the first two pages of the proposal. There should
be no other page before this cover.

e Table of Contents: List proposal sections and corresponding page numbers.

e Executive Summary: Provide a summary of the research problem, technical
approaches, anticipated outcome of the research, if successful, and impact on
DoD capabilities.

e Statement of Work: A Statement of Work (SOW) should clearly detail the
scope and objectives of the effort and the specific research to be performed
under the grant if the proposal is selected for funding. It is anticipated that the
proposed SOW will be incorporated as an attachment to any resultant award
instrument. To this end, proposals must include a severable self-standing SOW,
without any proprietary restrictions, which can be attached to a grant award.

e Technical Approach: Describe in detail the basic science and/or engineering
research to be undertaken. State the objective and approach, including how data
will be analyzed and interpreted. Discuss the relationship of the proposed
research to the state-of-the-art knowledge in the field and to related efforts in
progress elsewhere. Include appropriate literature citations/references. Discuss
the nature of expected results. Discuss potential applications to defense missions
and requirements.

Describe plans for the research training of students. Include the number of full
time equivalent graduate students and undergraduates, if any, to be supported
each year. Discuss the involvement of other students, if any.

e Project Schedule, Milestones and Deliverables: A summary of the schedule
of events, milestones, and a detailed description of the results and products to be
delivered.

e Assertion of Data Rights: A summary of any proprietary rights to pre-existing
results, prototypes, or systems supporting and/or necessary for the use of the
research, results, and/or prototype. Any data rights asserted in other parts of
the proposal that would impact the rights in this section must be cross-
referenced. If there are proprietary rights, the proposer must explain how these
affect its ability to deliver research data, subsystems and toolkits for integration.
Additionally, proposers must explain how the program goals are achievable in
light of these proprietary limitations. If there are no claims of proprietary rights
in pre-existing data, this section shall consist of a statement to that effect.



¢ Management Approach: A discussion of the overall approach to the
management of this effort, including brief discussions of: required facilities;
relationships with any subawardees and with other organizations; availability of
personnel; and planning, scheduling and control procedures.

(a) Describe the facilities available for the accomplishment of the proposed
research and related education objectives. Describe any capital equipment
planned for acquisition under this program and its application to the proposed
research. If possible, budget for capital equipment should be allocated to the
first budget period of the grant. Include a description of any government
furnished equipment/hardware/software/information, by version and/or
configuration, that is required for the proposed effort.

(b) Describe in detail proposed subawards to other eligible universities or
relevant collaborations (planned or in place) with government organizations,
industry, or other appropriate institutions. Particularly describe how
collaborations are expected to facilitate the transition of research results to
applications. Descriptions of industrial collaborations should explain how the
proposed research will impact the company's research and/or product
development activities. If subawards to other universities are proposed, make
clear the division of research activities, to be supported by detailed budgets for
the proposed subawards.

(c) Designate one individual as the Principal Investigator for the award, for the
purpose of technical responsibility and to serve as the primary point-of-contact
with an agency's technical program manager. Briefly summarize the
qualifications of the Principal Investigator and other key investigators to conduct
the proposed research.

(d) List the amount of funding and describe the research activities of the
Principal

Investigator and co-investigators in on-going and pending research projects,
whether or not acting as Principal Investigator in these other projects, the time
charged to each of these projects, and their relationship to the proposed effort.

(e) Describe plans to manage the interactions among members of the proposed
research team.

(f) Identify other parties to whom the proposal has been, or will be sent,
including agency contact information.

e List of References: List publications cited in above sections.

e Letters of Support: Up to 3 Letters of Support from various DoD agencies, may
be included.

e Curriculum Vitae: Include curriculum vitae of the Principal Investigator and key
co-investigators.




VOLUME 2: Cost Proposal

The Cost Proposal shall consist of a cover and two parts: Part 1 will provide a detailed cost
breakdown of all costs, by cost category, by the funding periods described below; and Part 2
will provide a cost breakdown by task/sub-task corresponding to the task numbers in the
proposed Statement of Work. Options must be separately priced. There is no page
limitation on the cost proposal.

Cover: The use of the SF 1411 is optional. The words “Cost Proposal” and the following
information should appear on the cover:

e BAA number 05-017

e Title of Proposal

e Identity of the prime proposer and a complete list of proposed subawards, if
applicable

e Principal Investigator (name, mailing address, phone and fax numbers, email
address)

¢ Administrative/business contact (name, address, phone and fax numbers, email
address)

e Duration of effort (separately identify basic 3 year effort and proposed 2 year
option)

Part 1: Detailed breakdown of all costs, by cost category, by the calendar periods stated
below. For budget purposes, use an award start date of 01 May 2006. For the three-year
base grant, the cost should be broken down to reflect funding increment periods of:

(1) Five months (01 May 06 to 30 Sep 06),

(2) Twelve months (01 Oct 06 to 30 Sep 07),

(3) Twelve months (01 Oct 07 to 30 Sep 08), and
(4) Seven months (01 Oct 08 to 30 Apr 09).

Note that the budget for each of the calendar periods (e.g. 01 May 06 to 30 Sep 06) should
include only those costs to be expended during that calendar period.

The budget should also include an option for two additional years broken down to the
following funding periods:

(1) Five months (01 May 09 to 30 Sep 09),
(2) Twelve months (01 Oct 09 to 30 Sep 10), and
(3) Seven months (01 Oct 10 to 30 Apr 11).

The annual budget should be relatively flat, i.e. about the same amount per year. (The
five-month budget and the seven-month budget should add up to an amount about equal to
the twelve- month budget.) However, if there is anticipated difficulty in effectively spending
the funds at the steady-state rate for the entire first budget period, the initial five-month
budget can be reduced to account for start-up effects. Similarly, the initial five-month
budget can be somewhat higher if substantial equipment funding is requested. Elements of
the budget should include:

e Direct Labor - Individual labor category or person, with associated labor hours
and unburdened direct labor rates.

e Indirect Costs - Fringe Benefits, Overhead, G&A, COM, etc.
(must show base amount and rate).



Travel — Number of trips, destination, duration, etc.

Subcontract — A cost proposal as detailed as the proposer’s cost proposal will be
required to be submitted by the subcontractor. The subcontractor’s cost proposal
can be provided in a sealed envelope with the proposer’s cost proposal.
Consultant - Provide consultant agreement or other document that verifies the
proposed loaded daily/hourly rate. Include a description of the nature of and the
need for any consultant's participation. Strong justification must be provided,
and consultants are to be used only under exceptional circumstances where no
equivalent expertise can be found at a participating university.

Materials - Specifically itemized with costs or estimated costs. An explanation of
any estimating factors, including their derivation and application, shall be
provided. Include a brief description of the proposer's procurement method to be
used (competition, engineering estimate, market survey, etc.).

Other Directs Costs - Particularly any proposed items of equipment or facilities.
Equipment and facilities generally must be furnished by the contractor/recipient
(justifications must be provided when Government funding for such items is
sought). Include a brief description of the proposer's procurement method to be
used (competition, engineering estimate, market survey, etc.).

Part 2 : Cost breakdown by task/sub-task using the same task numbers as in the SOW.

3. Significant Dates and Times

Schedule of Events
Event Date Time
White Papers Due 09 August 2005 4:00 PM Eastern
Daylight

Notification of Initial DoD Evaluations 01 September 2005*

of White Papers

Full Proposals Due 03 November 2005 4:00 PM Eastern
Standard Time

Notification of Selection for Award 25 January 2006*

Start Date of Grant 01 May 2006*

*These dates are estimates as of the date of this announcement.

Submission of Late Proposals

Any proposal, modification, or revision, that is received at the designated DoD agency after
the exact time specified for receipt of proposals is “late” and will not be considered unless it
is received before award is made, the contracting officer determines that accepting the late
proposal would not unduly delay the acquisition, and:

(a) the proposal was sent, to the address specified for the designated agency, by

U.S. Postal Service Express Mail three or more business days prior to the date
specified for the receipt of proposals (the term “business days” excludes
weekends and U.S. federal holidays); or

(b) there is acceptable evidence to establish that it was received at the DoD agency

designated for receipt of proposals and was under the Government’s control prior
to the time set for receipt of proposals; or
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(c) it was the only proposal received.

However, a late modification of an otherwise timely and successful proposal that makes its
terms more favorable to the Government will be considered at any time it is received and
may be accepted.

Acceptable evidence to establish the time of receipt at the DoD agency includes the
time/date stamp of that installation on the proposal wrapper, other documentary evidence
of receipt maintained by the installation, or oral testimony or statements of Government
personnel.

If an emergency or unanticipated event interrupts normal Government processes so that
proposals cannot be received at the Government office designated for receipt of proposals
by the exact time specified in the announcement, and urgent Government requirements
preclude amendment of the announcement closing date, the time specified for receipt of
proposals will be deemed to be extended to the same time of day specified in the
announcement on the first work day on which normal Government processes resume.

The DoD agencies will promptly notify any proposer if its proposal, modifications, or revision
was received late and will inform the proposer whether its proposal will be considered. Note
that proposals delivered by commercial carriers are considered "hand carried" and that no
exception can be made to allow such proposals to be considered if for any reason they are
received after the deadline. Proposers are advised that some proposals responding to past
announcements that were sent via commercial carriers were delayed during shipment and
arrived after the deadlines, typically by one or two days. To decrease the probability that
proposals delivered by commercial carriers will arrive after the deadline and thus be
ineligible to compete, proposers are urged to schedule delivery to occur several days before
the deadline.

5. Address for the Submission of White Papers and Full Proposals

White papers should be sent directly to the attention of the responsible Research Topic Chief
at the agency specified for the topic as stated in Section VIII using the addresses given
below.

White papers and full proposals addressing topics (1) to (10) should be sent to the Office of
Naval Research at the following address:

Office of Naval Research
For full proposals include: ATTN: ONR Code 363/MURI
For white papers include: ATTN: (list name of responsible Research Topic Chief)
875 North Randolph Street — Suite W256A
Arlington, VA 22203-1995
Point of Contact: Paula Barden
703-696-4111

White papers and full proposals addressing topics (11) to (18) should be sent to the Air
Force Office of Scientific Research at the following address:

11



Air Force Office of Scientific Research
For full proposals include: ATTN: Mailroom (MURI 06)
For white papers include: ATTN: (list name of responsible Research Topic Chief)
875 North Randolph Street
Suite 325, Room 3112
Arlington, VA 22203-1768
Point of Contact: Dr. Spencer Wu
703-696-7315

White papers and full proposals addressing topics (19) to (26) should be sent to the Army
Research Office at one of the following addresses:

For delivery by ordinary First Class or Priority Mail (but not Express Mail) through the U.S.
Postal Service:

U.S. Army Research Office (FYO6 MURI)
P. O. Box 12211
Research Triangle Park, NC 27709-2211

For other means of delivery (such as Express Mail, FedEx, UPS, etc.):

U.S. Army Research Office (FY06 MURI)
For full proposals include: ATTN: Dr. Larry Russell
For white papers include: ATTN: (list name of responsible Research Topic Chief)
4300 S. Miami Blvd
Durham, NC 27703-9142
919-549-4211

NOTE: FULL PROPOSALS SENT BY FAX OR E-MAIL WILL NOT BE CONSIDERED.
(This does not apply to fax or electronic copies printed locally and delivered to the
above addresses)

Acknowledgment of receipt of a proposal by an agency will be by way of the page in Section
X, Acknowledgment Form. To obtain acknowledgment of receipt of a proposal, proposers
should self-address and place a first class stamp on the form and CLIP IT TO THE ORIGINAL
COPY OF THE PROPOSAL (DO NOT TAPE OR STAPLE); the form will be mailed back to the
proposer shortly after the deadline for receipt of proposals.

V. EVALUATION INFORMATION

1. Evaluation Criteria

White papers will be evaluated by the responsible Research Topic Chief to assess whether
the proposed research is likely to meet the objectives of the specific topic, and thus whether
to encourage the submission of a full proposal. The assessment will focus on scientific and
technical merit (criterion 1, below) and relevance and potential contribution to DoD
(criterion 2, below), although the other criteria may also be used in making the assessment.

Full proposals responding to this BAA in each topic will be evaluated using the following
criteria. The first three evaluation factors are of equal importance:
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(1) scientific and technical merits of the proposed basic science and/or engineering
research;

(2) relevance and potential contributions of the proposed research to the topical research
area and to Department of Defense missions; and

(3) impact of plans to enhance the institution's ability to perform defense-relevant
research and to train, through the proposed research, students in science and/or
engineering (for example, by acquiring or refurbishing equipment that can support DoD
research and research-related educational objectives).

The following four evaluation criteria are of lesser importance than the above three, but are
equal to each other:
(4) the qualifications and availability of the Principal Investigator and key co-investigators;

(5) the adequacy of current or planned facilities and equipment to accomplish the research
objectives;

(6) the impact of interactions with other organizations engaged in related research and
development, in particular DoD laboratories, industry, and other organizations that perform
research and development for defense applications; and

(7) the realism and reasonableness of cost (cost sharing is not a factor in the evaluation).

Decisions for exercising options will be based on accomplishments during the base years
and potential research advances during the option years that can impact DoD research
priorities and technological capabilities.

2. Evaluation Panel

White papers will be reviewed either solely by the responsible Research Topic Chief for the
specific topic, or by an evaluation panel chaired by the responsible Research Topic Chief.
An evaluation panel will consist of technical experts employed by the government.

Full proposals will be evaluated by an evaluation panel chaired by the responsible Research
Topic Chief for the particular topic and will consist of technical experts employed by the
government. Evaluation panel members are required to sign "no conflict of interest" and
non-disclosure agreements (NDA) to protect proprietary and source-selection information.

3. Selection Process
Full proposals will undergo a multi-stage evaluation procedure. The respective evaluation
panels will review proposals first. Findings of the evaluation panels will be forwarded to

senior DoD officials who will make funding recommendations to the awarding officials.

Vi. AWARD ADMINISTRATION INFORMATION

1. Administrative Requirements

e CCR - Successful proposers not already registered in the Central Contractor Registry
(CCR) will be required to register in CCR prior to award of any grant, contract,
cooperative agreement, or other transaction agreement. Information on CCR registration
is available at http://www.onr.navy.mil/02/ccr.htm.
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e Certifications — Proposals should be accompanied by a completed certification package
which can be accessed on the ONR Home Page at Contracts & Grants. The certification
package for Grants is entitled, "Certifications for Grants and Agreements."

2. Reporting

In general, for each grant award, annual reports and a final report are required
summarizing the technical progress and accomplishments during the performance period, as
well as any other reports as requested by the program manager.

VIl. OTHER INFORMATION
1. Government Property/Government Furnished Equipment (GFE) and Facilities

Each proposer must provide a specific description of any equipment/hardware that they
need to acquire to perform the work. This description should identify the component,
nomenclature, and configuration of the equipment/hardware that it proposes to purchase
for this effort. The purchase on a direct reimbursement basis of special test equipment or
other equipment that is not included in a deliverable item will be evaluated for allowability
on a case-by-case basis. Maximum use of Government integration, test, and experiment
facilities is encouraged in each of the proposer’s proposals.

Government research facilities and operational military units are available and should be
considered as potential Government furnished equipment/facilities. These facilities and
resources are of high value and some are in constant demand by multiple programs. Itis
unlikely that all facilities would be used for the MURI program. The use of these facilities
and resources will be negotiated as the program unfolds. Proposers should explain which of
these facilities they recommend.

2. Use of Animals and Human Subjects in Research

If animals are to be utilized in the research effort proposed, the proposer must complete a
DoD Animal Use Protocol with supporting documentation (copies of AAALAC accreditation
and /or NIH assurance, IACUC approval, research literature database searches, and the two
most recent USDA inspection reports) prior to award. Similarly, for any proposal that
involves the experimental use of human subjects, the proposer must obtain approval from
the proposer's committee for protection of human subjects (normally referred to as an
Institutional Review Board, (IRB)). The proposer must also provide NIH (OHRP/DHHS)
documentation of a Federal Wide Assurance that covers the proposed human subjects
study. If the proposer does not have a Federal Wide Assurance, a DoD Single Project
Assurance for that work must be completed prior to award. Please see
http://www.onr.navy.mil/02/howto.htm for further information.

3. Department of Defense High Performance Computing Program

The DoD High Performance Computing Program (HPCMP) furnishes the DoD S&T and DT&E
communities with use-access to very powerful high performance computing systems.
Awardees of DoD contracts, grants, and assistance instruments may be eligible to use
HPCMP assets in support of their funded activities if Program Officer approval is obtained
and if security/screening requirements are favorably completed. Additional information and
an application may be found at http://www.hpcmo.hpc.mil/.
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VIIl. SPECIFIC MURI TOPICS

FYO6 MURI Topic #1
Submit white papers and proposals to the Office of Naval Research

EFFECTS OF IMPLOSION ON SURROUNDING STRUCTURES

Background: The implosion of an air-filled underwater structure that is subjected to
static or dynamic (explosive) pressure loading is a complicated multi-disciplinary
phenomenon, involving complex hydrodynamic and structural behavior. There is an
urgent need to develop an improved understanding of this phenomenon, especially, but
not limited to, prediction of the resulting shock waves in the ambient fluid. Since the
magnitude of the shock waves is strongly dependent on the exact mode of failure of the
imploding structure, accurate prediction of the shock requires accurate prediction of
possible failure modes, and the rate at which they occur. Recent testing, high-speed
photography, and comparisons with the best available physics-based models have
pointed to gaps in the physical understanding of the process, including the effects of
fragmentation on energy transfer, the effects of cavitation in the fluid, the onset and
rate of structural collapse, and the hydrodynamic instability at the fluid/bubble interface.
Further small-scale testing is required in order to more precisely define the pertinent
physics. In addition, due to the complexity and multidisciplinary nature of the physics,
significant effort is required in order to produce highly efficient numerical methods to
evaluate the detailed physical model. Finally, methods are desired for extracting the
essential analyses, to provide methodology for the eventual development of structural
design tools, and to assist the development of design guidelines and requirements.

Objective: Via experiments and analysis, develop an improved understanding of the
implosion of a structure under hydrostatic or hydrodynamic loading. Develop the
mathematical tools required to analyze the onset of implosion, the collapse of the
structure, and the resulting shock wave. Validate the analyses against new and existing
experiments. Structures of interest are complex in geometry and may consist of either
metallic or composite materials, or a combination thereof. Metallic failures may be
ductile or brittle.

Research Concentration Areas: Areas of interest include, but are not limited to, the
following: (1) effects of fragmentation on energy transfer; (2) possible modes of failure
for complex structures, including metallic, composite, and hybrid structures; (3)
probability of occurrence of particular failure modes, based on characterization of the
structural, geometric and material properties; (4) onset and rate of collapse under both
static overpressure and UNDEX (underwater explosion) loading; (5) effects of cavitation
in the shock; (6) stability of the air/water interface after structural failure;

(7) development of a response surface model methodology for typical structures, (what
is desired here is not a particular response surface model, but a methodology for the
development thereof, and the definition of the required data sets); and (8) techniques
for the prevention of implosion.

The ultimate goal is a highly efficient and accurate mathematical model of the implosion,
including both the onset of collapse and the resulting pressure wave in the ambient fluid.

Impact: Accurate prediction of the failures, of the resulting shock waves, and of their
effect on surrounding structures, will enable much less conservative design
requirements, enable the use of designs and systems previously not allowable, and
eliminate very expensive testing.
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Research Topic Chief: Dr. Luise S. Couchman, ONR, 703-696-0786,
couchml@onr.navy.mil
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FY06 MURI Topic #2
Submit white papers and proposals to the Office of Naval Research

REMOTE SENSING OF SEAFLOOR PROPERTIES IN DENIED AREAS

Background: The properties of the seafloor in most of the world’s littorals are unmapped,
yet the composition of the bottom, whether sand or mud, and its geometry, whether rippled
or smooth, controls the speed of ocean currents, the height of near shore waves, the
performance of shallow-water acoustic models, and dictates the tempo of mine-hunting
operations. In denied areas, for example, offshore the Korean peninsula and many other
areas in the Western Pacific, it is impossible to use the usual sediment drilling/coring
techniques needed to determine geoacoustic and geotechnical properties. Choosing
sediment properties for input into models for waves, circulation and acoustic propagation in
denied areas is presently based on unreliable or old data, or simply by educated guess.

Developing the capability to remotely sense and determine seabed properties now appears
possible. Because seafloor properties control the bottom dissipation of surface gravity wave
energy, observing the decay of wave height across a region should in principle offer the
opportunity to characterize the seafloor properties that cause wave decay. The necessary
wave observations are easily obtained from existing remote sensing capabilities, and recent
breakthroughs in inverse models for wave propagation now allow inversion of wave spectra
to give the spatial distribution of bottom dissipation.

This MURI will address the key missing scientific link: understanding how the differing
properties of the sea floor interact with the wave-induced flow at the seafloor to produce
dissipation. If this fundamental link can be established then it will be possible to convert
maps of wave dissipation to maps of seafloor characteristics.

The effect of the seafloor on wave dissipation is fairly well known for sandy bottom
types. In the case of mud or mixed mud-sand environments (which dominate the
littorals), such effects are poorly understood. Advances in both theoretical understanding
of granular fluids and hybrid acoustical-optical observation technologies that “see” in
opaque fluids are the necessary catalysts for improving and then exploiting
understanding of bottom dissipation phenomena. Remote observation of sediment
properties is not limited to the ocean seafloor; the techniques to be developed may also
be used in rivers and estuaries.

Objective: To develop a fundamental fluid-dynamical understanding of the relation
between seafloor properties and wave dissipation.

Research Concentration Areas: Field, laboratory and theoretical analyses of the
sediment-flow interaction problem particularly for non-sandy materials are required. Areas
of interest include, but are not limited to, the following: (1) studies to relate seafloor
properties, in particular bed composition in muddy environments, to the form of the bottom
dissipation function; (2) development of new techniques to address the observational
difficulties inherent in studies of mud-dominated bottom boundary layers; and (3)
development of improved dissipation algorithms for wave models.

Impact: The ability to remotely sense the bottom type will vastly decrease strategic and
tactical uncertainties in planning for mine counter measures (MCM), anti-submarine warfare
(ASW), and expeditionary warfare in denied areas. Improved knowledge of bottom type will
also significantly improve predictions of waves and circulation. Given the paucity of
knowledge about the seafloor in many areas of interest, the ability to discriminate even
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crudely between bottom types from remotely sensed imagery will have an immense impact
on advance planning for MIW operations.

Research Topic Chiefs: Dr. Tom Drake, ONR, 703-696-1206, draket@onr.navy.mil
Dr. Linwood Vincent, ONR, 703-696-4118, vincenc@onr.navy.mil
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FY06 MURI Topic #3
Submit white papers and proposals to the Office of Naval Research

ENERGETIC MATERIAL INITIATION MECHANISMS FOR INSENSITIVE MUNITIONS &
COUNTER IED APPLICATIONS

Background: Explosives and propellants are composite formulations of energetic ingredient
matrixes consolidated in a polymeric binder system. Susceptibility to initiation is currently
characterized by global physical parameters such as the rate and degree of pressure growth, and
transition to detonation as a function of intensity of stimulus. Until recently, material and
mechanical properties, failure criteria, energy localization mechanisms, and other mesoscopic and
microscopic events have been ignored. With recent revolutionary advances in both
computational capabilities and ultrafast time resolved spectroscopic diagnostics, attention has
begun to focus on the characterization of localized mechanical stresses, and the physicochemical
responses of specific energetic ingredients. Progress is being made in the mechanisms of
chemical decomposition, constitutive properties, anisotropic response, molecular dynamics and
mesoscale modeling of energetic compositions. New emphasis is being placed on methods to
efficiently measure the types and quantities of defects in energetic crystals. However, details of
how energetic materials respond to stimulation and absorb energy as a function of crystal lattice
and defect structure, polymeric binder properties, and internal energy at the crystal/binder
interface are not understood. How these parameters control energy localization, conversion of
mechanical to thermal energy, and lead to onset of initiation and buildup to detonation are not
understood. A fundamental understanding of these processes in essential so that energetic
material properties can be tailored to influence macroscopic responses.

Objective: The objective of this effort is to develop a fundamental understanding of the
processes and mechanisms responsible for the initiation/detonation of energetic systems
(propellants and explosives) subject to dynamic stimulation. A multidisciplinary research initiative
capitalizing on recent breakthroughs is proposed, focusing on mechanics, materials science,
physics, chemistry, modeling, and numerical simulations to identify and characterize these
processes and develop the capability to predict the response of macroscopic events based upon
these microscopic processes. The goal is to exploit this understanding to achieve (1) maximum
performance characteristics in warhead and propulsion systems while complying with insensitive
munitions requirements and (2) the capability to remotely stimulate concealed explosives using a
minimum of RF radiation to induce a chemical response that can be detected.

Research Concentration Areas: Research will focus on the development and application of
theoretical and experimental methods to determine and validate mechanisms at the appropriate
time and length scales that lead to initiation. The capability will be developed to determine the
mechanisms and efficiencies of energy absorption and dissipation, and energetic material
response of, and through, the polymer matrix, the binder/crystal interface, the crystal lattice, and
the molecular vibrational and electronic states. Emphasis will be placed on the: (1) crystal lattice
response to stimulation; (2) determination of the effects of defects in the vibronic regime; (3)
efficiency of energy transmission through the vibronic, acoustic, and optical modes into the
vibrational states; (4) characterization of the polymeric binder response and effects of its
properties; and (5) internal energy at the crystal/binder interface. The effort will couple the
understanding of these complex phenomena to accurately describe onset and buildup of chemical
decomposition leading to initiation and transition to detonation. Advanced computational
simulation of the effects of stimulus of a multicomponent formulation using real micromechanical
parameters and chemistry will be conducted. Experimental techniques will be developed and
applied to determine parameters and coefficients required to calibrate required models at the
appropriate length scales.
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Impact: New statutes and regulations require that all new munitions must conform to the
insensitive munitions criteria, in addition to meeting their performance goals. The Program
Executive Officers (PEOs) have identified insensitive munitions needs for innumerable weapons
systems and require new technologies to adequately address these requirements. Advanced
weapons systems require warhead survivability under severe mechanical loading conditions and
reliable initiation at target in order to achieve performance goals. The persistent IED and
terrorist threat demands that new technology be developed to remotely and rapidly detect
concealed explosive devices. The development of a robust science based understanding of the
processes that dominate the initiation of energetic systems will substantially enable the
development of new technologies to address these requirements at significantly reduced time and
cost. The results of this effort will be transitioned to the technology development programs for
validation and exploitation. The science developed will be used to relate global response to
scientific parameters and tailor macro response to micro scale phenomena.

Research Topic Chief: Judah M. Goldwasser, ONR, (703) 696-2164, goldwaj@onr.navy.mil
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FY06 MURI Topic #4
Submit white papers and proposals to the Office of Naval Research

ASSIMILATION OF EMERGING REMOTE SENSING DATA TYPES INTO DYNAMIC
OCEAN MODELS

Background: The Navy uses knowledge about the environmental state of the ocean for a
number of different purposes, from the physical impacts of ocean currents on ship
operations to the locations of fronts and density surfaces that affect the acoustic
propagation. At the Naval Oceanographic Office, nowcasts and forecasts of the ocean state
are provided by numerical models that assimilate observed data to improve the fidelity of
the predictions. In the open ocean, models are supplemented with remotely-sensed data,
such as sea surface temperature measured by Advanced Very High Resolution Radiometers
(AVHRR) and sea surface height (satellite altimetry), as well as by in situ observations from
Expendable Bathy-Thermographs (XBT’s), moorings, and autonomous floats. With this
assimilation, basin scale models can do a reasonable job of providing the necessary
information in the deep ocean. However, predictions of conditions in the littoral ocean are
often poor, in part because the shallow water dynamics are more complicated, but also
because the data available for assimilation is more problematic. Many of the remotely-
sensed data sets that are used in deep water are unavailable near the coast (or of limited
use because of the complex dynamics) and the in situ data may be sparse or non-existent if
the littoral region is in a denied area.

Auspiciously, there are emerging data sets that might be used to constrain models of the
littoral ocean. Visible ocean color data, obtained via satellite, can identify suspended
material in the ocean such as phytoplankton biomass or bottom sediment, and expose flow
patterns and dynamics. Advanced Synthetic Aperture Radar (ASAR) can be used to observe
surface patterns, wave conditions and even bottom bathymetry in coastal areas.
Hyperspectral and multispectral images reveal the optical properties of the coastal ocean.
All of these data types might be usefully incorporated into numerical simulations to reduce
errors in predictions of the ocean state. But, before such data can be assimilated, additional
research is required to determine what the observations actually represent with respect to
coastal ocean dynamics. Dynamic ocean models must be coupled with optical or
biogeochemical models to provide the context in which remote sensing data can be
assimilated. Research over the past decade, such as that performed under ONR’s HyCODE
program (Hyperspectral Coastal Ocean Dynamics Experiment), has improved coupled
modeling capabilities to the point where these data sources might now be used for
assimilation in coastal areas.

Objective: To improve our ability to predict present and future mission-critical
environmental variables in denied littoral areas through the exploitation of novel data
sources. Specific emphasis will be placed on emerging data types such as hyperspectral or
ASAR observations that are available from space-based remote sensing platforms.
Components of a successful program would include the processing of satellite imagery for
oceanographic signals, coupling of optical or biogeochemical models to dynamic ocean
models, development of new techniques to assimilate imagery data into dynamic models,
verifying that the assimilated ocean states represent improvements in environmental
characterization, and directly simulating the observational data using coupled bio-optic or
biogeochemical ocean models.

Research Concentration Areas: Areas of interest include, but are not limited to, the
following (1) coupling of optical and biogeochemical models with dynamic ocean models; (2)
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3D physical interpretation of emerging remotely-sensed data (multispectral, hyper spectral,
ASAR);

(3) development of advanced techniques to assimilate multidisciplinary data into physical
models.

Impacts: Developing techniques to assimilate remotely-sensed data into coastal ocean
models will allow improvements in our ability to predict conditions in the littoral ocean,
particularly in denied areas, with benefits to Anti-Submarine Warfare (ASW), Naval Special
Warfare (NSW), Intelligence, Surveillance and Reconnaissance (ISR), and Mine Warfare
(MIW) missions that require environmental data. An improved description of the ocean
density structure (front locations, mixed layer depths) will enable better sonar performance
predictions and tactical ASW mission planning. Improvements in optical and biogeochemical
models will enable a predictive capability for products (diver visibility, environmental hazard
assessments, water clarity for Unmanned Undersea Vehicles (UUV) sensor performance) in
support of NSW and MIW missions. This work expands the utility of remote sensing data
acquired via satellite and will provide guidance for the development of future requirements
for remote sensing systems.

Research Topic Chief: Dr. Scott Harper, ONR, 703-696-4721, harpers@onr.navy.mil
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FY06 MURI Topic #5
Submit white papers and proposals to the Office of Naval Research

IMAGE UNDERSTANDING FOR PERSISTENT SURVEILLANCE

Background: Urban area surveillance, from air and ground, with networks of mobile and
stationary imaging sensors (optical, infra-red, hyper-spectral, etc.) will be an effective
means of dealing with insurgencies. Surveillance systems may be used in two distinct
scenarios. The first is to archive the collected imagery and retrieve them, after an event
occurs, to back track and infer the sources responsible for the event. The second scenario is
to use the surveillance system for situation awareness and real time alert to potential
dangers. The latter scenario, which is the focus of this research topic, places great demands
on the performance of vision systems. Current automated vision systems perform relatively
well in simple scenes, in controlled environments, and with cooperative objects. However, in
complex, unstructured, uncontrolled environments with elusive targets, that characterize
urban environments, they perform unsatisfactorily. Substantial progress has been made in
geometric vision including 3D scene reconstruction from multiple images. Cognitive aspects
of computer vision, however, which are critical for image understanding, are not yet as well
understood and developed. The purpose of this MURI is to build on the progress already
made in the recognition of objects (inanimate objects, humans, etc.) and further advance
the field in the development of theory and algorithms for recognition of objects, their
activities, and ultimately their intentions. It is well known that the human visual system is
by far superior to current computer vision systems in analyzing both still images and video
sequences of complex environments. One of the strengths of human visual systems is
access to a sophisticated and massive knowledge base of objects, their properties, functions
and behaviors, their relationships with each other, and contexts in which they normally
appear. Possession of such a knowledge base makes the segmentation, recognition, and
image understanding a trivial task for humans. Therefore, we emphasize research into the
development of visual knowledge bases, as well as theories and algorithms that make use of
these knowledge bases in image processing and understanding.

Objective: Develop theory, algorithms, and computational tools for cognitive aspects of
image understanding that are needed for robust, real time automated vision-based
surveillance of cluttered urban areas with a network of imaging sensors.

Research Concentration Areas: Scene understanding from a network of imaging sensors
requires good representations of objects and their behaviors, as well as methods that
integrate information from multiple sensors. Research areas that will advance image-based
surveillance, therefore, include the following: (1) develop object representations and
similarity measures that can handle variations in pose and partial occlusions; (2) develop
methods and tools for building large and efficiently accessible visual knowledge bases for
objects; (3) develop theory and computational methods for integrating low-level image
processing with high-level visual knowledge for simultaneous segmentation and recognition;
(4) develop physics-based theory for integration of visual cues from single and multiple
imaging sensors; (5) develop physics-based theory for eliminating illumination effects using
data from multiple imaging sensors;(6) develop computational theory of optimal
experiments that balance the cost of obtaining additional data vs. benefit for hypothesis
verification; (7) develop algorithms with low false alarm rates for accurate change detection
in cluttered urban areas; and (8) develop metrics for predicting and evaluating the
performance of vision systems for surveillance.

Impact: This research topic will advance our capabilities for automatic visual understanding
of uncontrolled environments. In particular, the research is expected to advance the
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development of vision-based systems for persistent surveillance needed for force and asset
protection, and for dealing with insurgencies in urban areas.

Research Topic Chief: Dr. Behzad Kamgar-Parsi, ONR, 703-696-5754,
kamgarb@onr.navy.mil
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FY06 MURI Topic #6
Submit white papers and proposals to the Office of Naval Research

STRUCTURAL IRON-BASED ALLOYS WITH HIGH MAGNETOSTRICTION

Background: The preponderance of smart materials and adaptive structures use brittle
piezoelectric ceramic materials to produce strain which places the system at risk because of
the inherent fragility to any high impact or explosive shock condition. In these times that
risk is unacceptable. A new class of magnetostrictive material has been discovered that has
considerable structural strength and ruggedness while being capable of producing strains
comparable to that of Plumbum (lead) Zirconate Titanate ( PZT) ceramics. The first member
of the class is a Fe-Ga alloy designated Galfenol. This material, which can be machined,
tapped and welded, will permit radical design changes in transducer and actuator devices in
previously unheard of ways. Adaptive structures that can change shape and rigidity may be
constructed of an active material that can function in tension and compression while
functioning as an integral component of the structure. An integrated material acting as
sensor, actuator, and dynamic controller will simplify complex structures. This type of smart
material may be utilized as a way to dampen acoustic signals from the structure of
submarines, to actuate control surfaces on Unmanned Undersea Vehicles (UUVs), or to
reduce the insidious vibration from helicopter rotor blades. This topic seeks to encompass a
full spectrum of academic disciplines: materials science, physics, mechanical engineering
and electrical engineering to achieve the goal of shock-resistant, high strain smart
structures and rugged, high power acoustic transducers.

Objective: To characterize the properties of new iron based alloys (e.g. Galfenol) and
understand the phenomena resulting in their magnetostrictive behavior. The goal is to
develop a new class of materials that can be engineered as structural members of smart
systems and to replace traditional piezoelectric ceramic transducers in the Fleet.

Research Concentration Areas: Areas of interest include, but are not limited to, the
following:

(1) the origin of large magneto elastic coupling observed in Fe-Ga alloys;(2) enhancement
of the magneto elastic coupling through alloying and processing; (3) relationship between
crystallographic structural changes and magneto elastic coupling; (4) strategies for property
optimization and deformation processing to achieve desired texture; (5) filament/nanowire
growth processes; (6) effects of ternary additions to Galfenol; (7) near net shape fabrication
techniques; and (8) interdependencies of stress, thermal and magnetic annealing with its
effect on tensile properties.

Impact: Rugged smart materials and structures that can function in both compression and
tension and can respond and adapt to complex situations/mission requirements will allow
the realization of novel structures, transducers and smart systems and permit the design of
revolutionary vehicles and systems and may be viewed as disruptive technology. Potential
applications include health monitoring of rotating and stressed machinery and structures,
active noise and vibration control, harvesting of waste energy, tensegritic structures,
compact and rugged actuator applications, collocated sensing and actuation systems and
blast survivable and high impact actuator and sensor systems. These applications will, in
turn, affect a veritable profusion of systems including miniature underwater vehicles, smart
helicopter blades, large re-configurable structures, self-sensing wires with tensile actuation,
hydraulic actuator replacement and the potential replacement of most of the Fleet’s fragile
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acoustic sources and sensors with rugged shock-resistant structures. A second application
involves nanowires for artificial cilia and nanostructured tactile sensors.

Research Topic Chief: Mr. Jan F. Lindberg, ONR, 703-696-7116, lindbej@onr.navy.mil
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FY06 MURI Topic #7
Submit white papers and proposals to the Office of Naval Research

RECONFIGURABLE HUMAN-AGENT COLLABORATION: HUMAN PERFORMANCE IN
NETWORK-CENTRIC OPERATIONS

Background: Decision making in the military environment is evolving as changes in national
policy have had major impacts on military missions. The concept of a single global conflict
environment has shifted into a potential for multiple, discrete incident scenarios with
undefined and/or terrorist-based forces. New focus on operations other than war, such as
disaster relief and humanitarian aid have also presented new challenges in combined joint and
coalition operations. The contribution of the war fighter to Network-Centric Warfare may
provide our greatest leverage, yet the role and integration of humans in NCW has not been
effectively addressed. Future NCW scenarios will require effective communication and
coordination among geographically and culturally separated activities (including multi-service,
multi-agency, and multi-national entities). A critical component in meeting this challenge will
be the enhancement of knowledge processing, decision-making performance and human
cognitive process capabilities.

Objective: The technical objective of this thrust is to develop a better understanding and a
theoretical framework of the dynamically shared role of the human decision-maker and
intelligent agents in problem solving, particularly in a team decision-making environment. The
proposed approach will attempt to model the process of the interactive re-assignment of
functions between the human and agent. An objective of model development is to understand
the underlying principles of adaptive decision making and develop computational methods to
represent this process which will incorporate human component-based factors such as
physiology, environmental impacts, personal behavior characteristics and processing of
uncertainty. A related task is to develop an interactive representation of user behavior and
characteristics under various decision making environments, effected by an agent that
progressively learns a decision maker’s distinct style and reaction to external factors.

Research Concentration Areas: The approach proposed will focus on the identification
and evaluation of concepts and models of behavior-based decision making. Since the
transition target of this effort will likely include team aspects of decision making, a key
requirement will also be the model’s ability to represent and convey meaning and intent
among distributed decision makers and their supporting information collectors.
Characteristics will include time-stressed, high consequence, course-of-action selection
decisions in an environment of multiple and uncertain input data sources and validity.
Problems to be solved will be complex, intuitive, one-of-a-kind problems where extensive
domain-based knowledge cannot be accumulated. Methods developed must be sufficiently
robust and extensible that guidelines could be developed to apply the process to various
situations, independent of domain content. Research Questions/Issues include: (1) How do
humans/teams perform complex, intuitive problem solving in support of decision making?
(2) How would these functions vary as a result of changing workload, stage of decision-
making and the environmental conditions of decision making? (3) How can agents learn and
adapt to human team mates and complement their performance? (4) Address the impact of
uniquely human characteristics and individual state and behavior (stress, physiology,
attitude, alertness, etc.) (5) How can agent-based support be used to represent and model
the impact of these characteristics? (6) Expand concepts to team-based decision making
and collaboration in decision making.
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Impact: With national defense policy emphasis on technological superiority, reduced manning
and an affordable force, command centers of the future will require superior situational
awareness, effective knowledge management and quick-reaction decision making. Human-
agent collaboration can optimize the information interface between the operator and
equipment so that mission-critical systems can be operated at maximum efficiency, with fewer
human-induced errors and with greater safety and maintainability.

Research Topic Chiefs: Michael P Letsky, ONR, 703.696.4251, letskym@onr.navy.mil
Wendy L. Martinez, ONR, 703-696-4320 martinwe@onr.navy.mil
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FY06 MURI Topic #8
Submit white papers and proposals to the Office of Naval Research

IMPULSE LOADING EFFECTS ON MARINE STRUCTURES

Background: Surface and submersible naval structures are subject to a variety of threats
including mines, air and underwater explosions, and to other types of dynamic loadings
including wave-slamming, that can induce damage leading to catastrophic failure. Structure
loading involves the transfer of energy from the fluid to the structure in a manner that is
complex and involves the coupled response of both media. This loading is typically highly
transient and the structural response occurs over very short (dynamic) time scales.
Engineering damage-tolerant, seaborne structures requires addressing the fluid-
material/structure issues in an integrated manner and the development of a validated
unified framework for the modeling of impulse loads and large-scale structures.

Objective: The objective of this program is to advance the fundamental understanding of
fluid-structure interactions and resulting failure modes in marine structures associated with
impulse loading, and to facilitate the design of next-generation seaborne structures. A
multidisciplinary effort, integrating issues in the context of materials science and mechanics,
combined with analytical, modeling, and computational methodologies, validated through
experiments, is necessary if a comprehensive treatment of the subject is sought.
Appropriate experimental diagnostics and procedures in conjunction with advanced, multi-
scale computational methods will form the basis for large-scale modeling of impulse loads
and naval structures. The primary outcome will involve the use of the concepts relevant to
fluid-structure interaction in the design of damage tolerant naval structures.

Research Concentration Areas: A comprehensive multidisciplinary research program is
envisaged that address the areas of: (1) impulsive fluid-loading; (2) material structural
response; (3) fluid-structure interaction and coupling; (4) development of analytical and
sub-grid-scale models for computation; and (5) numerical simulations and code validation of
integrated, large-scale simulation methodologies.

Impulsive Fluid Loading: Underwater explosions and wave slamming generate and transmit
highly transient loads. Part of the effort should concentrate on the characterization of load
histories. Conditions for the transient formation of bubbles (cavitation) in expansion regions
that trail shock compression are also of interest, as is also shock-formation as a result of
bubble collapse. Of particular interest is the partition of energy between the primary
explosion shock pulse and trailing bubbles. Also the consequences of shock-focusing that
can occur when fluid-borne shocks impinge and interact with solid boundaries, especially in
converging geometries, as are found in the propeller and aft sections of ships.

Material/Structural Response: An understanding of the complex and transient nature of
loads associated with impulse loading requires a thorough understanding of relevant
material properties and structural response. Materials of interest for current and future
generations of naval structures include steels and titanium alloys, as well as novel
composite materials and sandwich structures. Of interest are both dynamic material
constitutive parameters and dynamic failure modes such as plugging, petalling, dynamic
cracking, and delamination, and their characterization over a broad range of experimental
conditions that reflect anticipated conditions of the response of materials in naval structures
subjected to explosive loads and threats. These approaches should be extended from
materials to permanent or modular structural elements, such as bonded joints and
weldments between similar and dissimilar materials.
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Fluid-Structure Interaction: Dynamic model experiments must be developed that simulate
the conditions of impulse loading in a fluid and the subsequent transfer of load from the
fluid to the structure. For this task, the development of appropriate high-speed diagnostics
with the capability to capture events near the fluid-structure interface is necessary. Further,
the coupling between the fluid and structural response and its role in large-scale structural
failure is of interest, especially in shock-focusing situations possibly leading to yielding
confinement.

Computational Modeling: A key component in the program is the development of coupled
Lagrangian and Eulerian computational methodologies effective in capturing processes
occurring in both the fluid and structure. In addition, the ability to model the transfer of
loads between the two media and the coupling of their response is of key interest. It is
expected that verification and validation of the numerical simulations should be achieved in
concert with comparisons with well defined model geometries and benchmark experiments.
Appropriate scaling laws to allow the simulation of the response of full-size naval structures
to impulse loading is of primary interest.

Impact: The research should lead to a fundamental understanding of dynamic fluid-
structure interaction that will allow the Navy to effectively design with an eye to the
enhancement of the structural resistance of naval structures subjected to impulse loads,
including wave slamming and explosive threats. It is anticipated that new design
methodologies for damage-tolerant seaborne structures will be developed as an outgrowth
of the proposed program.

Research Topic Chief: Dr. Yapa D. S. Rajapakse, ONR, 703-696-4405,
rajapay@onr.navy.mil
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FY06 MURI Topic #9
Submit white papers and proposals to the Office of Naval Research

MULTIFUNCTIONAL EMO (ELECTRICAL, MAGNETIC AND OPTICAL) CHIP

Background: Recent advances in studies of spins in semiconductors have revealed a very
exciting and unique possibility to integrate electronic, magnetic and photonic functionalities
on the same chip. For example, in carrier-mediated ferromagnetic semiconductors, such as
III-Mn-V and MnGe, experiments have shown that the magnetism can be turned on and off
by modulating the carrier density with an electric field or a laser beam. In addition, spin-
polarized electrons can be electrically injected from a ferromagnetic metal into a non-
magnetic semiconductor, and subsequently manipulated or probed (read out) either
optically or electrically. These facts portray the intriguing possibility of arbitrarily converting
information among electrical, magnetic and optical domains, all on a single monolithic chip.
Information can be converted into and represented in its most convenient form to perform
sensing, storage, processing, transmission and presentation functions. Up until recently
most researchers, either hindered by traditional disciplinary boundaries or due to various
other reasons, have primarily focused on exploring individual phenomena that demonstrate
one aspect or another of the overall system of spins in semiconductors. In contrast, this
program seeks a multi-disciplinary approach that will examine all the relevant new
phenomena and combine them to demonstrate the potential and unique capability enabled
by this new tripartite approach to signal processing of all kinds.

Objective: To conduct multi-disciplinary basic research in materials science and device
engineering, and demonstrate the concept and feasibility of a multi-functional EMO system
on a single chip.

Research Concentration Areas: The focus of this program is to build a monolithic
concept chip that demonstrates arbitrary E-M-O conversions and multi-functionality. While
the best possible performance metrics are always desirable, in this first demonstration there
will be no hard limits on operating temperature, speed of operation and power consumption,
nor on the overall function/functions that the system aims to perform. Proposals should
describe: (1) overall functionality and high level systems architecture; (2) baseline
materials systems synthesis; (3) E-M-0 conversion mechanisms and principles; and (4)
device functions and design in each of the three sub-domains.

Impact: Multifunctional EMO chips offer hope that one day we might be able to replace all
the gadgets we use today for information handling purposes with a single device based on a
single chip. This would lead to drastic reduction in overall weight and power consumption,
and enable revolutionary new capabilities in individual warfighters and unmanned
autonomous vehicles. Successful advancement of this technology will broadly impact the
sciences, and in particular, greatly accelerate advancements in the fields of multifunctional
nano-scale science and engineering.

Topic Chief: Dr. Chagaan Baatar, ONR, 703-696-0483, BaatarC@onr.navy.mil

31


mailto:William.v.lampert@us.army.mil

FY06 MURI Topic #10
Submit white papers and proposals to the Office of Naval Research

NOVEL VACCINES AND ANTIBIOTICS: TARGETING AND EXPLOITING THE
BACTERIAL QUORUM SENSING PATHWAY

Background: As part of the “global war on terror” our military is increasingly being
asked to fight in locations where endemic infectious disease or Biological Warfare (BW)
agent threats exist or may be employed and against which they may not be adequately
protected. Coupled to this operational scenario is a world-wide increase in antibiotic
resistance which is impacting the treatment of infections previously considered to be
“routine.” Thus, new approaches to development of vaccines and antibacterial agents
are needed to protect our military forces, US citizens, and ultimately, the under-
developed countries in which we train and fight, to better protect us from terrorist
threats and endemic disease.

Early investment by ONR (in the 1980’s) on the study of marine bacterial
bioluminescence led to the discovery of a novel bacterial communication mechanism
called “quorum sensing.” It is a strategy by which bacteria can enumerate other
members of the same species, and also, members of other bacterial species, and then
coordinate bacterial group responses via gene expression control. It is postulated that
this communication strategy allows bacteria to generate an effective and synchronized
response within a host by working as a group. Cues that are species-specific, as well as
more generic cues, have been isolated and characterized, as have their cognate receptor
and signal transduction proteins (located in the bacterial periplasm or cytoplasm).
Research in the late 1990’s revealed that many other bacterial functions are controlled
via this communication process, including biofilm formation and expression of toxins and
virulence factors in a number of pathogens, including Bacillus anthracis, Yersenia pestis,
Escherichia coli 0157, Salmonella typhimurium and Vibrio cholera. Gram-negative
bacteria typically use small chemicals known as acyl-homoserine lactones as species-
specific cues, while gram-positive bacteria use small peptides known as “autoinducers.”
Often referred to as the AI-1 pathway, many of the protein receptors, signal
transduction proteins and even small RNA signals have been elucidated for many
bacteria, including several pathogens. A more generic communication system recently
discovered in gram-negative Vibrio harveyi utilizes a bicyclic, furanosyl borate diester
signal known as AI-2, which is formed from 4, 5-dihydroxy-2.3-pentanedione (DPD), a
product generated through the activity of the synthetase, LuxS. Lux S is highly
conserved among both gram-negative and gram-positive bacteria, including many
pathogens and potential BW agents, and it is postulated that DPD and the bicyclic form
may also be conserved signals for interspecies quorum sensing. Thus, the LuxS
pathway is common to many organisms, although its specific function is only known for
a few bacteria.

Several research groups are currently developing strategies for small molecule mimics of
the species-specific Al-1-type autoinducer compounds, to interfere with the quorum
sensing process and hopefully lead to new antibiotics, with the main emphasis in this
area focused on the human pathogens, Pseudomonas aeruginosa and E. coli 0157, and
to a lesser extent on plant and animal pathogens. Less is known about the specific role
of the LuxS pathway in pathogens, except that it exists in several organisms and may
control some components of virulence or biofilm formation, but this pathway may also
represent an opportunity for therapeutic or prophylactic intervention. Little research has
been conducted to explore host immune response to the bacterial cues (mainly with
those from P. aeruginosa), which is a necessary first step for the development of
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vaccines which may potentially be used to target this process. Investment in the latter
two areas may yield new antibiotics capable of targeting new bacterial pathways that are
common and highly conserved among pathogenic bacteria and/or potential BW agents
and thus may be less susceptible to mutation leading to bacterial resistance, as well as
vaccines that could potentially target several organisms simultaneously.

Objective: To enable the development of novel vaccines and potential flexible
therapeutics useful for protection and treatment against human pathogens and potential
BW agents (e.g. B. anthracis, Y. pestis, Salmonella, Shigella, Vibrio cholera) it will be
desirable to elucidate the role of the LuxS S protein and gene products, and to explore
high-throughput combinatorial methods for identifying antagonists of this pathway that
lead to reduction in virulence, toxin production or increase susceptibility to conventional
antibiotics. It may also be desirable to crystallize LuxS from at least one species to
enable computationally aided design of potential therapeutics or antagonists. It is also
of interest to study the immunogenicity of components of this system (e.g.
autoinducers, LuxS receptor proteins), to identify potential antigens that stimulate
humoral, cellular or innate immune responses. It is anticipated that significant progress
could be achieved during a 3-year project on these goals for a number of gram-negative
and gram-positive pathogenic bacteria, using primarily in vitro methods and limited
animal model studies where appropriate. Providing suitable antigens can be identified in
the first phase of the MURI, the final 2 years would be spent exploring potential vaccine
modalities, e.g. recombinant protein or genetic vaccine approaches, in relevant animal
models. The ideal outcome of the MURI would be novel therapeutic or vaccine
candidates that can provide treatment or protection against several pathogenic and/or
potential BW agent bacteria via interference with LuxS-based quorum sensing.

Research Concentration Areas: Areas of interest include, but are not limited to, the
following: (1) microbial genetics and/or microarray studies to elucidate the specific role
of the LuxS or analogous pathway in several human pathogens, including gram-negative
and gram-positive types; (2) immunology studies to ascertain the immunogenicity of
components of the LuxS S pathway (e.g. autoinducers, LuxS receptor proteins, etc.)
and to attempt to identify antigens that stimulate humoral, cellular or innate immune
responses in vitro and in vivo; (3) high-throughout chemical synthesis and screening of
potential antagonists of the LuxS pathway components; (4) crystallization of LuxS S
from one or more species may aid with objective (3) and would provide new
opportunities for engineered protein receptor design (outside the scope of this MURI
topic); and (5) vaccination strategies which target components of the LuxS pathway,
and may include recombinant protein design or DNA-based vaccines, to be examined
using in vitro (cellular) and in vivo assays (if appropriate animal models exist). Note that
it is desired that P. aeruginosa and E. coli 0157 NOT be the focus of these studies as
other agencies are addressing these organisms.

Impact: Given the highly conserved nature of LuxS proteins in bacterial species
surveyed thus far, this project may lead to novel therapeutic or ideally, vaccine
candidates that can simultaneously treat multiple, antibiotic-resistant pathogens or BW
agents simultaneously, to minimize infection or disease development. This capability is
currently not available. The specific objectives described above are not currently being
supported by NIH or other Federal agencies. The effort will be coordinated via the
OSTP/NSTC Interagency Molecular Vaccine Working Group and the Interagency Microbe
Project (the ONR topic chief below represents ONR to both of these groups, and NIH,
and other DoD representatives regularly attend).
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Research Topic Chief: Dr. Linda A. Chrisey, ONR, 703-696-4504
chrisel@onr.navy.mil
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HEALTH MONITORING AND MATERIALS DAMAGE PROGNOSIS FOR METALLIC
AEROSPACE PROPULSION AND STRUCTURAL SYSTEMS

Background: Sustainment and life-cycle engineering of aircraft and their propulsion
systems represent major and growing challenges for the Air Force. The aging of the legacy
aircraft fleet threatens to drive maintenance costs to unprecedented levels and to consume
budget that would otherwise be available for operation and modernization. For example,
approximately two-thirds of the current Air Force budget for turbine engines is consumed by
the cost of sustainment. In addition, safety and reliability are constant challenges, as
exemplified by the danger of high cycle fatigue of rotor blades in turbine engines and
cracking of airframes, which currently prompt frequent and expensive inspections. For
some time, operators have called for health monitoring for aircraft and propulsion systems
that can query the integrity of structural materials and components, enabling real-time
monitoring, reducing the need for costly tear-down inspections, and enabling much more
efficient operation and maintenance practices. More recently, it has been proposed that
health monitoring can be made sensitive to small changes (e.g. cracking and creep) in the
state of a structure and that it should be possible to forecast the useful life remaining in a
structure, rather than being limited to a diagnostic system that warns only when the
structure is no longer reliable.

There are significant technical challenges to realizing this vision, however. Even large
cracks are difficult to detect in complex structures in noisy environments, and there are
major uncertainties in the capability to predict the growth of critical material damage that
evolves under realistic loading and environmental conditions. For example, when using
Lamb-wave or modal-based vibration techniques, there are tradeoffs in damage-detection
sensitivity between the area of coverage (better at low frequencies) and the crack-size
sensitivity (better at high frequencies). It is known that aircraft have certain “hot spots” for
failure, and that great cost savings could already be realized by monitoring only these
locations. The proper identification of a sufficient set of these critical spots is a problem in
and of itself. Signal processing for proper damage characterization in a noisy environment
is another challenge, as are the problems posed by complex geometries where a query
signal will be reflected and refracted in complex ways. Some have proposed schemes
where baseline signals are measured so that only changes from the baseline are considered.
Aging, environmental conditions, and loading will effect changes in that baseline - how does
one distinguish these from damage?

True prognosis poses further challenges. Early identification of problems requires that one
record and process large volumes of data regarding incipient cracks, as well as histories on
loading and environment and to integrate this information with materials damage models
and autonomic logistics methods. Crucially, one must have the physical and mechanistic
understanding to predict future structural integrity based on the present component
condition and projected loading and environmental conditions.

Objective: The objective of this program is to develop basic science needed to enable
metallic material and structural health prognosis for turbine engines and aircraft, and
thereby facilitate continual assessment and prediction of the current and future health of the
flight systems. The ultimate goal is the development of quantitative and probabilistic
models that relate material-level microstructural and damage events to system-level
structural performance.
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Research Concentration Areas: The achievement of the program objectives will require a
highly integrated approach linking three basic elements: (1) methods for in situ
interrogation of the damage state of a material, such as that from fatigue and/or creep, in a
complex structure with the presence of noise; (2) physically-based models of the formation
and growth of material damage under realistic loading; and (3) coupled state-awareness
and life models, including probabilistic and uncertainty approaches. A successful effort will
require basic research into fatigue crack initiation and growth, as well as the multiscale
modeling required to interpret the effects of atomistic processes from a system level
viewpoint. Not only do we need better deterministic models, but we also require models
that can account for uncertainties in loading state, material properties, and modeling
accuracy. The tractability of large computational models also must be addressed. The
combined resources of the fields of materials science, mechanical/aeronautical engineering,
and applied mathematics will be required to address these problems. This will not be a
sensor development program.

Impact: The basic science and technology produced by this initiative will provide
revolutionary understanding, capability, and models for damage-state awareness and life
prediction of materials and complex structures. This will enable major reductions in the cost
of sustainment of current and future aircraft and turbine engines, while providing new
capabilities to improve safety and reliability. This effort will result in fundamental scientific
understanding that will enable the prognosis of failure in any complex structure that can fail
from cyclic loading, from aircraft to space vehicles.

Research Topic Chief: Capt Clark Allred, AFOSR, 703-696-7259, clark.allred@afosr.af.mil
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MULTI-FUNCTIONAL DESIGN FOR COMBINED LOAD-BEARING AND POWER
GENERATION CAPABILITIES: STRUCTURAL INTEGRATION OF ENERGY HARVEST
FUNCTION

Background: Two major drivers governing the development of new Defense systems for
the future Armed Forces are the reduction of weight/volume and the increases in
power/energy density. Traditionally, these two issues are addressed separately, resulting in
incremental improvements in mono-functional materials that only carry mechanical load or
only provide power and energy. However, dramatic improvements in system-level
efficiency could be achieved by designing “self-powered” load-bearing structures with
integrated energy harvest/storage capabilities and by developing “multi-functional”
materials that inherently possess the capacity to simultaneously perform both the power
generating and the mechanical load carrying functions.

For “self-powered” load-bearing structures, usable electrical energy can be drawn from
internal/external heat, solar energy, and the mechanical motion of vibration relying on
thermoelectric/thermionic, photovoltaic and piezoelectric means respectively. Harvested
electricity shall, in turn, undergo immediate in-situ usage (e.g. self-powered sensors),
storage through capacitors or storage through charging batteries. Batteries, capacitors or
other micro-devices for energy storage, as well as harvesting, can be embedded or
integrated into the load-bearing structures in various forms, such as thin film laminate or
surface coating layer. As an alternative, the development of new materials for dual
functions of generating power and carrying the mechanical load will allow the design of
energy harvest or storage system as a truly multifunctional load-bearing structure.

The proposed research will emphasize the miniaturization of components and the integration
of different means of energy harvesting or their combinations. Here, the most challenging
issues include how to overcome the lack of clear design rules that determine which type of
harvesting means or their combinations is best, and what circuits are best for a given
application of specified power requirements. The development of such multifunctional
design rules demands vigorous interdisciplinary research activities in defining predictive
models and the key materials/structural parameters (including mechanical properties of
electrical components and electrical properties of mechanical components). From the
materials side, a breakthrough could come from new material systems optimized for energy
harvesting.

Objective: (a) To develop a scientific foundation for the design and manufacture of “self-
powered” load-bearing structures with integrated energy harvest/storage capabilities; and
(b) to establish new multi-functional design rules of interdisciplinary nature for structural
integration of various means of energy harvesting (e.g. thermoelectric/thermionic,
photovoltaic and piezoelectric) or their combinations.

Research Concentration Areas: Suggested research areas are as follows: (1)
understanding and characterization of ambient energy sources (e.g. solar, thermal,
vibration) and surrounding environments; (2) the determination of specific requirements of
power/energy density, surface area, weight, stiffness and flexibility of the systems for the
proposed area of structurally integrated energy harvesting/storage capabilities; (3)
establishment of multi-functional design rules for structural integration of selected means of
energy harvesting or their “hybrids;” (4) synthesis and processing of novel energy harvest
materials and devices with optimum micro- or nano-morphologies which allow further
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miniaturization, more efficient energy harvesting capabilities, and more effective structural
integration; (5) fabrication of self-powered load-bearing structures and characterization of
their “multi-functional” performance; (6) manufacturing and surface sciences for the control
of morphology, distribution and stability of self-powered load-bearing structures at various
structural levels under extreme temperature constraints; and (7) “validated” modeling and
simulation for optimization of structural and electrical performance within multi-scale and
physics-based framework.

Impact: The establishment of self-powered load-bearing structures with integrated energy
harvest/storage capabilities will provide meaningful mass savings and reduced external
power requirements over a wide range of defense platforms, including space vehicles,
aircraft, unmanned aerial vehicles, and a variety of intelligence, surveillance, and
reconnaissance (ISR) systems. It will also open the door for a whole new generation of
load-bearing structures with autonomous structural health monitoring capability. The
thermoelectric means of energy harvesting will render side benefits of thermal
management.

Research Topic Chiefs:

Dr. B. “Les” Lee, AFOSR, 703- 696-8483, Les.Lee@afosr.af.mil
Capt. Clark Allred, AFOSR, 703-696-7259, Clark.Allred@afosr.af.mil
Dr. Joan Fuller, AFOSR, 703-696-7236, Joan.Fuller@afosr.af.mil
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NEGATIVE INDEX MATERIALS (NIMS)

Background: In 1967 Veselago observed that materials with both negative permittivity (-€)
and negative permeability (-u) would produce a negative index of refraction, consistent with
Maxwell’s Equations, with phase and group velocity, v, and vg, oppositely directed. In 2000
results for a NIM were published. So far, all NIMs investigated have been discontinuous and
anisotropic, and experiments exhibited negative refraction in RF resonant structures. There
are many DoD applications for NIMs. One involves constructing a surface without reflection
(n=-1) at specific frequencies. Also, NIM antennas could eliminate reentry blackout on
space vehicles. Thus far, most reported NIMs are 2D limited. The surface structures are
fabricated with elements in regular arrays on surfaces. The scale that can generate a
negative index into the visible and IR ranges extends into the range of organic and
polymeric self-assembly technologies. It is possible to explore the fabrication of bulk NIMs
in the visible-IR range by combining the fabrication of elements in the sub-micron length
scale that can generate negative dielectric permittivity and magnetic permeability in the
visible-IR range with wide arrays of self assembly approaches available to organic and
polymeric materials. These self assembly approaches can include, but are not necessarily
limited to, inorganic/metallic structure seclusion in nanodomains of block copolymers or
controlled void containing structures, liquid crystal templating for 3-dimensional placement
in bulk, and directed self assembly by covalent bonding of specific structures or structural
pairs in 3-dimensional arrangement. Feasibility of such an approach has recently been
demonstrated in yet-to-be published work. Bulk NIM materials in the vis-IR range can
enable such applications such as sub-wavelength high resolution imaging, conformal lenses
for sensor platforms, compact optics and systems for sensors, and novel beam steering
control for lasers.

Objective: Develop and characterize 3D bulk structures that will demonstrate negative
permittivity and permeability in the sub-p to mm range. The electromagnetic properties will
be evaluated and used to generate quasi-isotropic and quasi-continuous structures with -¢
and -p in the 4 x 10 to 50 x 10° ym range.

Research Concentration Areas: (1) Develop isotropic structures from p-wave to optical
regions, encompassing self-assembly approaches such as, but not limited to,
inorganic/metallic structure seclusion in nano-domains of block copolymers, controlled void-
containing structures or structural pairs in a 3D arrangement. Equally promising are
approaches that (a) feature tunable (with V) dielectrics that result in a wide bandwidth, and
(b) a material matrix that is comprised of fine magnetic nano-particles; (2) where
appropriate, investigate alignment of artifacts by electric and magnetic fields to control
permeability and permittivity of the various media. Develop a physical model that can be
used to predict and extend these studies to the pertinent frequency ranges; (3) determine
losses and NIM bandwidth of the materials and structures; (4) explore techniques for
adjusting in-situ the center frequency and bandwidth of the structures; (5) demonstrate
through experiment that the effective properties of the material/structures are consistent
with the theoretical predictions for negative index media; (6) the NIM structures fabricated
from self assembly approaches will be characterized to understand the effects of the
assembly morphology and the placement configuration of the NIM creating elements on the
NIM properties. This study should couple closely with the theoretical study to provide
mutual guidance and feedback; and (7) for bulk NIM structures in the vis-IR regime, optical
characterization techniques will be applied to the NIM bulk materials to understand its linear
and nonlinear optical properties and its optical loss characteristics.
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Impact: The goal of the program is to produce isotropic continuous negative index media
that operate from the microwave to optical spectrum ranges. If successful, a technology
base will be established for developing NIM applications for operational Air Force systems.
Some criteria that NIM can address for tomorrow’s Warfighter are: reduction of weight and
size of antennas, improved optics at specific frequencies, sub-wavelength high resolution
imaging, reflectionless surfaces, RF penetration of plasma barriers, new beam-steering
schema, RF and optical communications and unique approaches for integrating optics with
semiconductor electronics.

Research Topic Chiefs:

Dr. Charles Lee, AFOSR, 703-696-7779, charles.lee@afosr.af.mil
Dr. Harold Weinstock, AFOSR, 703-696-8572, harold.weinstock@afosr.af.mil
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SILICON-BASED LASERS AND NANOPHOTONICS

Background: Silicon-based (Si) microelectronics, the driving technology of the digital
revolution, is expected to enter the phase of slow growth long before hitting the eventual
ultimate physical and technological limits along the existing evolutional path of
miniaturization down to nanometer regimes. Beneath this pending challenge in the
continued evolution of miniaturization, there exists a real possibility of a quiet revolution -
broadening the reach of silicon technology into the previously inaccessible space: optical
signal generation and processing. Enabling silicon technology with optical functionalities
could also fundamentally advance DoD biological and chemical sensing capabilities by
permitting monolithic integration of sensing, spectroscopy, signal processing and computing
all on a single silicon chip. Silicon optics could also be developed into a standalone
technology i.e. all-optic Si-based integrated microphotonics or nanophotonics, and do so
rapidly and economically by leveraging the vast and most advanced silicon infrastructure
already in existence. To achieve optics on silicon, one must overcome a key limitation,
namely, the lack of any practical Si-based light source and most notably a Si-based laser,
which has not been achieved to date, due to the fundamental limitation related to the
indirect nature of the Si band gap.

Many different approaches have been taken to achieve high efficiency silicon light emitting
devices or lasers, based on defect-engineering in silicon, silicon nanocrystals in SiO,; Er-
doped Si and SiO,; SiGe, SiGeC, and SiGeSn alloys; SiGe quantum dots; Raman scattering
in Si waveguides; etc. To have a silicon laser, there are three key components: (1) an
active material which should be luminescent in the region of interest and be able to amplify
light; (2) an optical cavity into which the active material should be placed to provide the
positive optical feedback; (3) a suitable and efficient pumping scheme to achieve and
sustain the laser action preferably by electrical injection for advantage of integration. The
spectral region of primary interest is the extended communications band ranging from 1200
nm to 1700 nm, and of secondary interest, the terahertz spectral region, as well as the mid-
wave and long-wave infrared regions, for chip scale information processing and/or chemical
analysis. Compatibility with CMOS device fabrication and processing should be a
consideration in the approach.

Objective: Design and develop Silicon-based lasers on a silicon chip for all-optic integrated
systems by utilizing Si-based microelectronics, Si-based photonic crystals, and nanoparticle
and nanostructure approaches. Achieve solutions that would enable large scale integration
and competitive power and efficiencies compared to current technologies.

Research Concentration Areas: Areas of interest include, but are not limited to the
following: (1) novel material processing techniques for realizing silicon nanostructures with
narrow size distribution, low loss, and controlled doping; (2) innovative device structure for
electrical pumping of nanostructures; (3) silicon based material with high optical gain
and/or nonlinearities, (4) quantum cascade structures, photonic crystals, quantum dots,
nanocrystals, nanowires and other means to achieve efficient emission; (5) investigation of
optical and electrooptical properties of surface plasmons in silicon based structures; (6)
study of enabling mechanisms for silicon modifications and enhancement of radiative
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recombination; (7) study of light-phonon scattering in engineered nanoscale structures; and
(8) electrically pumped Raman lasers.

Impact: Enabling silicon to perform active optical functions will impact virtually all sensing,
security, communication and computing systems. Systems on a chip with unprecedented
levels of integration, boasting digital/analog/power electronics plus optical interfaces, will
become a reality. Most wireless communication and radar systems suffer from the data
bottleneck between the RF front end and the embedded digital signal processors. The
capability created by this research can remove this bottleneck and extend the reach of the
silicon technology into spaces previously inaccessible to it.

Research Topic Chief: Gernot S. Pomrenke, AFOSR, 703-696-8426,
gernot.pomrenke@afosr.af. mil
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BIOENGINEERING FOR COMPACT, SUSTAINABLE POWER

Background: The Air Force has long anticipated developments in compact power sources
that would enable long-loiter Unmanned Aerial Vehicles (UAVs) without the noise, infrared
signature, and specific fuel requirements of internal combustion engines, or the limited life,
excessive weight, and slow recharge capability of chemical batteries. Indeed, the leap in
micro UAV technology, originally envisioned as mechanical, flying insects, has largely been
limited by the lack of a suitable compact power source that has practical refueling options.

Small flying insects and animals derive their endurance from the very complex biological
process of metabolism. Furthermore, they harvest natural foods/fuels from abundant plant
life in the general form of carbohydrates; this can be as simple as fruit sugars, or as
complicated and difficult to digest as cellulose. While the concept of a basic biofuel cell has
already been demonstrated, the development of low-temperature fuel cells that make
efficient use of the high density sources of power (logistic or ambient fuels) readily available
to the war fighter in the field remains a pivotal challenge. Ideally, autonomous micro air
vehicles will someday be able to refuel themselves from their surroundings, and thus, the
inspiration for such small flying vehicles must be revisited in order to realize a true
revolution in compact, sustainable power.

Objective: The objective is to discover novel ways of utilizing complex and impure biofuels
and to study the resulting mechanisms of electron transfer between redox proteins (or
whole cells) and an electrode surface. Of specific interest is how to enhance and exploit the
orientation and stability of redox proteins without sacrificing enzymatic activity. It should
provide a sufficiently broad and detailed understanding that would support a subsequent
engineering effort and would likely include efforts in biology, electrochemistry, material
science, engineering, and mathematical modeling.

Research Concentration Areas: Suggested research areas include but are not limited to:
(1) development and evaluation of methods for the efficient degradation and utilization of
complex, impure, and varied biofuels; (2) spectroscopic and X-ray crystallographic studies
aimed at understanding the role of protein scaffolding (i.e. supporting tertiary structure) in
the catalysis and stability of redox enzymes; (3) study of the kinetics, thermodynamics, and
intermediate states involved in mediated and direct electron transfer between biocatalysts
and an electrode surface, with particular attention paid to orientation effects; (4)
exploration of novel mechanisms for optimizing the stability, lifetime, and activity of model
redox systems; and (5) theoretical modeling of mass transport effects and mechanisms.

Impact: The efficient use of biofuels means that a wide variety of electrical systems
employed by the war fighter would no longer require fuel import into the field, but could be
supplied directly from their surroundings (i.e. where there is biomass, there is fuel). In
addition, such technologies would advance implantable power systems that can utilize blood
glucose as the fuel source, enabling biosensors in the body that could detect individual
exposure to chemical to biological agents around the clock.

Research Topic Chief: Major Jennifer Gresham, AFOSR, 703-696-7787,
jennifer.gresham@afosr.af.mil
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DYNAMIC, ADAPTIVE TECHNIQUES FOR ADVERSARY BEHAVIOR MODELING

Background: In the current world environment, the rapidly changing dynamics of
adversarial operations are increasing the difficulty for military analysts and planners to
accurately predict potential actions. As a result, the military conducts combat operations in
the presence of uncertainty and the alternative threats that might emerge. The military
planning process depends upon analysis systems to anticipate and respond in near real-time
to a dynamically changing battlespace with effective counteractions. Complex technical
challenges exist in developing automated processes to derive hypotheses about future
alternatives for mission scenarios. It is virtually impossible to identify or predict the specific
details of what might transpire. Current generation wargaming technologies typically
execute a pre-scripted sequence of events for an adversary, independent of the opposing
force actions. A significant research challenge for wargaming and future effects-based
operations is predicting and assessing how friendly actions will impact adversary behaviors
and the resultant adversary perceptions, assessments, decisions and actions. While there
has been some success in developing and using adversary models, all models to date are
“stagnant” in nature, are developed based on past situations, and may not accurately reflect
the attitudes and behaviors of current and future adversaries. Real world adversaries, such
as terrorists and terrorist networks, evolve their strategies in order to adapt to changing
operations and actions by friendly forces. In essence, they change their mode of operations
based on factors such as the success or failure of past operations.

Objective: This topic encourages development of dynamic, adaptive techniques for
adversary behavior modeling. Currently, adversarial models are developed based on past
situations and do not adapt or learn beyond what was pre-defined in their construction.
Adaptive adversarial technology research is necessary to address the challenge of
developing learning/adaptive adversarial models. This research should investigate
fundamental techniques for defining such adaptive models and the algorithms needed to
enable them to learn from developing situations and events. A combination of behavior
models, feedback validation, and learning techniques should be explored. Models must be
created dynamically from intelligence data and continuously be refined and updated
throughout the entire cycle of military operations.

Research Concentration Areas: Areas of interest include, but are not limited to, the
following: (1) techniques to address the problem of achieving learning/adapting adversarial
models; (2) fundamental methodologies that define the needs to evolve and adapt such
models and the algorithms; (3) exploration of combinations of behavior model analysis,
feedback validation, and learning methods; (4) behavior modeling, evolutionary algorithms,
and stochastic sampling approaches for developing emergent strategies; (5) advanced data
mining techniques and semantic representation for dynamic, adaptive construction of
models and algorithms; and (6) exploration of new techniques in computational cognitive
architectures.

Impact: Research in this area will enable the development of new technologies for
anticipating adversary behaviors, leading to the development of systems that will allow
military planners to gauge and evaluate the effectiveness of alternative plans made today in
the context of the potential battlefield of tomorrow.

Research Topic Chief: Dr. John Tangney, AFOSR, 703-696-6563,
john.tangney@afosr.af.mil
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FY06 MURI Topic #17
Submit white papers and proposals to the Air Force Office of Scientific Research

HIGH CONFIDENCE DESIGN FOR DISTRIBUTED, EMBEDDED SYSTEMS

Background: Prescribed safety and security is a significant challenge for current flight
management systems. Requirements, design, and test coverage and their quantification all
significantly impact overall system quality, but extensive software test coverage is
especially significant to development costs. For certain current systems, verification and
validation (V&V) comprise over 50% of total development costs. This percentage will be
even higher using current V&V strategies on emerging autonomous systems. Although
traditional certification practices have historically produced sufficiently safe and reliable
systems, they will not be cost effective for next-generation autonomous systems due to
inherent size and complexity increases from added functionality. New methods in high
confidence software combined with advances in systems engineering and the use of closed-
loop feedback for active management of uncertainty provide new possibilities for
fundamental research aimed at addressing these issues. These methods move beyond
formal methods in computer science to incorporate dynamics and feedback as part of the
system specification.

Objective: Develop new approaches to designing/developing distributed embedded
systems to inherently promote high confidence, as opposed to design-then-test approaches
as prescribed by the current V&V process. Proposing teams should focus on developing new
design methods, analysis techniques, specification and integrated software
development/test environments that will radically lower V&V costs for future mixed critical
systems. The multidisciplinary team should include the necessary expertise in mathematics,
software architectures, security, modeling and simulation, fault tolerant systems, and
dynamics and control.

Research Concentration Areas: Areas of interest include, but are not limited to: (1)
formal reasoning about distributed, dynamic, feedback systems, including the application of
temporal logic and other tools from computer science and mathematics to reason about
real-time software. This applies to both cooperative and adversarial systems in distributed
computational environments; (2) development of relationships between system properties
and test coverage to reduce the required testing and provide improved efficiency, including
a mixture of automated testing and model-based reasoning to improve efficiency; (3)
development and analysis of architectures that provide behavior guarantees of online V&V.
Extend current methods for built-in-test (BIT) to higher levels of abstraction, including the
use of safety "wrappers" to insure that high performance code is replaced by safe code
when online monitors are triggered; (4) V&V aware architectures- techniques that are
designed to generate software and systems that are easier to verify and validate. Manage
V&V complexity instead of managing system functionality; (5) multi-threaded control: new
tools for reasoning about asynchronous, distributed processing common in multi-threaded
computational environments; and (6) approximate V&V-development of model-based
approaches to V&V that make use of simplifying approximations to improve V&V efficiency.
Develop relations of system analysis to the test vector generation to reduce/eliminate
required testing.

Impact: Next-generation Unmanned Aerial Vehicles (UAVs) and unmanned space vehicles
will require advanced mixed critical system attributes to enable safe autonomous
operations. These emerging attributes will manifest themselves in all aspects of the system
including requirements, system architectures, software algorithms, and hardware
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components. Development of new theory and algorithms for V&V will provide reduced

development time and cost, improved system functionality, and increased robustness to
uncertainty for new systems.

Research Topic Chief: Lt Col Sharon Heise, sharon.heise@afosr.af.mil, 703-696-7796
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FY06 MURI Topic #18
Submit white papers and proposals to the Air Force Office of Scientific Research

PERFORMANCE PREDICTION AND MODELING FOR ACTIVE VISION

Background: Automated Target Exploitation (ATE) concerns all phases of sensor data
exploitation including target detection, tracking, recognition, identification, assessment,
registration, and fusion. ATE technologies can provide high confidence assessments from
wide-area sustained coverage using state of the art sensors on static and moving platforms.
The automatic target recognition (ATR) component of ATE systems incorporates algorithms,
whether model-based or feature-based, that currently require extensive data collection for
developing confidence metrics using static variations of known targets. Algorithms based
on pre-calculated target sets cannot automatically adapt to novel targets that may be very
small, highly variable, highly cluttered, camouflaged, and imaged with novel multi-spectral
sensors on moving platforms. To enhance the speed and confidence of target exploitation
and to extend the range of manageable variations, future ATE systems will be expected to
conduct distributed on-the-fly target understanding and navigation.

Objective: This research aims to discover the underlying mathematical theory and
associated algorithms and models for determining and predicting ATE system performance
in the conditions outlined above. Specifically, research is invited to develop a body of
theory that enables a more fundamental approach to designing and predicting the
performance of ATE systems and active improvements to them. Focus is on the ATR and
navigation component. Among the principal challenges for an ATR theory is the dependence
of both design and performance on a complex array of operating conditions, including those
related to the target, the sensor, the sensor platform, and the environment -- all of which
must be considered. For example, if we do not understand what actionable information is
added by what sensing dimension (e.g. resolution, power, band) then we cannot design
sensors to maximize operational benefit. It is becoming increasingly important that the ATR
component of ATE systems predict its own performance on-line. This prediction is
necessary for machine-to-machine information exchange, down-stream fusion with other
exploitation results, and efficient management of sensor assets. The required ATR theory is
expected to provide a systematic and principled approach for offline system design and
online performance prediction and adaptation.

Research Concentration Areas: This topic involves cooperation between a number of
disciplines, for example, information theory, learning theory, complexity theory (both in the
sense of emergent behavior and in the sense of computational complexity), statistics,
optimization and pattern recognition. Use of complex imagery is encouraged, for example,
the large, realistic, well-truthed data sets from a variety of sensors now available (see
https://www.mbvlab.wpafb.af.mil/public/sdms/). Areas of interest include, but are not
limited to, the following: (1) algorithms for sensor-driven adaptive learning; (2) algorithms
involving multiple platforms; (3) algorithms involving active control of platform viewpoint;
and (4) design of experiment methods for statistical characterization. This work is expected
to consider a range of issues both top-down (e.g. context, behavioral patterns, confidence
evolution) and bottom-up (e.g. super resolution, anti-aliasing, information fusion, and 3D
modeling).

Impact: Enhancing the mathematical basis for rigorous ATR algorithms is expected to
enable principled design of future ATE systems capable of actively managing available
sensor and platform resources to adapt and learn to recognize and identify novel targets of
significance to decision makers.
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Research Topic Chiefs:

Dr. John Tangney, AFOSR, 703-696-6563, john.tangney@afosr.af.mil
Dr. Jon Sjogren, AFOSR, 703-696-6564, jon.sjogren@afosr.af. mil

Lt. Col. Sharon Heise, AFOSR, 703-696-7796, sharon.heise@afosr.af.mil
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FY06 MURI Topic #19
Submit white papers and proposals to the Army Research Office

BIO-INTEGRATING STRUCTURAL AND NEURAL PROSTHETIC MATERIALS

Background: Prosthetics technology is basically unchanged since 1953, with current
research mainly limited to engineering optimization of bio-mechanical device design. The
development of radically different prosthetic device technologies to restore the ability to
perform motor functions of injured or missing limbs is a multi-disciplinary research
challenge with great benefits to the soldier and the Army. It is important that the research
be generalizable, although the field of limb replacement may offer the greatest near-term
potential. The research should include all aspects of the interface between living tissue and
the non-living prosthetic, focusing on biocompatible materials research that will permit
stable establishment of through-skin structures, as well as skeletal and neural connections.
The biggest challenge may be in the interfaces (physical/anatomical and control), since
infection control remains the most critical factor, and sweat and suspension currently
severely limit prosthetic function. Healthy limbs consist of a number of different materials
that perform a variety of functions under widely varying physico-chemical (pH, pO,, pCO,,
and temperature) and mechanical environments (stress, strain, deformation, and cyclic
loading). Osseous integration has been attempted, but the chronic bone/skin/device
interface remains poorly understood. The procedures for fibrous integration using existing
musculature and ligaments need to be optimized and the limits examined. Fundamental
needs are the understanding of how to create benign, inherently antimicrobial materials for
chronic in- and through-skin use in actively mobile limb stumps and the understanding of
the interaction of endoskeletal and exoskeletal structures in living systems. Further, current
myoelectric prostheses are limited by the number of pick-ups and depend on co-contraction
control. Implantable neural pick-ups encapsulate too quickly for long term use. Similar
biocompatible materials needs exist for peripheral neural tissue as for osseous and fibrous
tissue, with the added requirement that neural traffic (e.g. spike trains) can be recorded
and injected by external systems. Sensory/control related research is required to (1)
gather sensor information from both external stimuli and internal neural impulses and (2)
perform neuro-system signal processing and response control. The development of new
materials with such capabilities will require a concomitant understanding and focus on both
structural and functional design properties. The research program should develop new
techniques in an animal model that provide topologies and interfaces that can be
anatomically, bio-chemically and bio-mechanically integrated with healthy appendages,
without further supportive therapies. It should leverage efforts funded by DARPA, the VA,
and MRMC and address long term solutions to at least 1) skin penetrating permanent
functional links to nerve, muscle and bone, and 2) chronic motor, sensory and
proprioceptive communication with surviving neurons in amputated limbs. Prototype device
development is not of interest for this solicitation.

Objective: The goal is to create structural and interconnective bio-integrating materials for
a future limb prosthetic that users could intuitively control using natural intent, with real
time sensory and proprioceptive feedback via normal neural pathways, that poses no
significant weight or immune system burden beyond the natural limb it replaces while
providing substantially greater functionality than the current generation of prosthetic
materials. Human use is not envisioned for this proposal and will not be accepted.

Research Concentration Areas: Key research areas should include: (1) a fundamental
understanding of how to create benign chronic through-skin structures in actively mobile
limb stumps (biological/abiological interface compatibility); (2) osseous integration to
generate anatomical stability by using existing bone scaffolds; fibrous and cutaneous
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integration to allow functional mobility by using existing neuromuscular structures; neural
integration to permit natural sense and respond ability for direct feedback (sensors, neuro-
computing, and controls); (3) functionally tailored materials to provide biological and
mechanical compatibility (active, engineered materials); (4) methods to engineer and
stabilize soft/wet and hard/dry material interfaces; and (5) physiological connections for
seamless integration and maximum robustness.

Impact: By putting prosthetic materials research on a firm theoretical foundation based in
physiological interfaces and principles, the current art of anatomical and physiological
compensation can be placed on a scientific, rather than an empirical foundation. The ability
to design and build intelligent, adaptive, active devices using engineered biological/non-
biological interfaces could ultimately permit a complete return to duty for military personnel
with no diminution of ability, as well as producing a seamless body of knowledge allowing
augmentation of limited function to normal or even enhanced levels of performance.

Research Topic Chief: Elmar T. Schmeisser, Ph.D., LS - ARO, 919-549-4318,
elmar.schmeisser@us.army.mil
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FY06 MURI Topic #20
Submit white papers and proposals to the Army Research Office

SPATIAL-TEMPORAL EVENT PATTERN RECOGNITION

Background: Information assurance (IA) and winning the war against terrorism and
insurgency in urban environments are among the top priorities in national security. To
enhance information security and homeland security, and to support operations against
such insurgency, it is important that the US military be able to recognize patterns of usual
(normal) and unusual (possibly adversarial) activities and/or events from the data collected
by firewall and boundary protection systems or communication/sensor networks. The
quantification and classification of patterns of these events/activities are stochastic in nature
and often require temporal and spatial components in order to describe fully suspicious
activities/targets (such as intrusion of computing and communication networks, insurgents,
terrorists, and/or their weapons, explosives, and equipment) that appear and disappear at
random points in space and time, as well as changes in behavior patterns and other physical
anomalies. The matter is further complicated by the inability of the sensors and systems to
provide complete, uncluttered, and non-occluded observations of these events/activities
under adversarial and noisy environments. To help make optimal decisions with incomplete
and noisy information as part of the Measurement and Signatures Intelligence (MASINT)
processing system, a reliable tool is nonlinear filtering. While some work in the area of
probabilistic/statistical pattern recognition and nonlinear filtering has been done in the past
decade, the theory and techniques developed thus far are not adequate to provide for
modeling, analysis, and control of the complex random events described above. In
particular, the theory and techniques for pattern recognition developed thus far are for
stationary situations and none of the results obtained for nonlinear filtering thus far have
taken both the spatial and temporal components of these time varying random events into
consideration.

Objectives: The main objective of this MURI topic is to develop the theory and techniques
for spatial-temporal pattern recognition using yet-to-be-developed mathematical tools such
as nonlinear filtering that can be directly applicable to information assurance, homeland
security, and urban warfare. In particular, this topic calls for developments and evaluations
of model(s) for a class of vector-valued random functions that capture the descriptions of
patterns of interactions or behavior of adversaries with complete and/or incomplete and
noisy observations in nonlinear environments. This class of random functions should have
the characteristics of temporal-spatial complexities in order to adequately and accurately
model the pattern of cooperation and interactions among the adversaries. The research
should also include development of theory and techniques for nonlinear filtering based on
the model described above when these random patterns are directly or indirectly observable
via communication/sensors networks. This work will also develop the capability of IA
systems and MASINT as an important intelligence system in various levels of warfare.

Research Concentration Areas: Achieving this objective requires strong interdisciplinary
research that involves applied mathematicians, statisticians, computer scientists,
information theoreticians, engineers, and behavioral scientists. The set of research
problems that need to be resolved include: (1) development of a spatial-temporal pattern
recognition theory in the context of (Markovian or non-Markovian) random fields that model
essential scenarios in information assurance, homeland security, and modern urban
warfare; (2) development of theory and methods that can detect change of patterns under
complete observations; (3) development of computationally efficient algorithms for spatial-
temporal nonlinear filtering in the context of random fields but specific to the models
developed in Area (1) in order to deal with incomplete information that are further
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corrupted by noise; (4) application of nonlinear filtering developed in Area (3) to solve the
problems of detection of pattern changes; and (5) development of real-time and robust
computational algorithms for the techniques obtained for Areas (1)-(4).

Impact: Itis anticipated that the research from this topic will result in further advances in
spatial-temporal pattern recognition and its related nonlinear filtering theory in order to
provide a unified approach for detection of changes of patterns in nonlinear and noisy
environments that cover many scenarios of future military operations. This would
significantly enhance DoD’s ability to analyze and design accurate and robust real-time
algorithms for IA, intelligence collection (especially MASINT) vulnerability assessment,
security operations, and target detection.

Research Topic Chief: Mou-Hsiung (Harry) Chang, mouhsiung.chang@us.army.mil, 919-
549-422

Chris Arney, David.Arneyl@arl.army.mil, 919-549-4254
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FY06 MURI Topic #21
Submit white papers and proposals to the Army Research Office

SELF-ASSEMBLING METALLIC/METALLOID CLUSTER MATERIALS

Background: The electronic structure of small clusters of free-electron metallic and
metalloid atoms is fundamentally different from the bulk. These clusters exhibit stable
“jellium” electronic shell structures with stable electron configurations with filling orders of
1s?, 1p%, 1d®°, 2s?, 1f!4, 2p®, ... in standard notation. For very small clusters, this gives
unique “superatom” bonding properties that resemble atomic bonding, but are distinctly
different in character from any of the elements. Researchers have recently demonstrated,
through gas-phase reaction and mass spectroscopy, that these small clusters are stable,
and react as superhalides (such as Al;37) and as superalkaline-earths (such as Al4**) as
predicted. Theorists have predicted that these clusters assemble into metastable crystals.
The unique spatial distribution of charge in these clusters should result in novel properties
for these crystals. There is also speculation that the unique properties of the icosahedral
aluminum alloys are due to the spontaneous formation of distinct metallic clusters, and local
coordination clusters self-assembled in a random structure similarly dominate the properties
of some metallic glasses.

A prototypical model for these materials is CsAl;,B, which theorists posit to have the CsCl
structure with the Al;,B icosahedra taking the position of the halide ion in the structure.
Electronic structure calculations predict the crystal to be metastable with respect to the free
CsAl;,B clusters by nearly 1.3eV, sufficient to expect the crystal to be stable enough for
practical application. With the Al;,B icosahedra aligned, calculations predict the material to
be metallic. Allowing the icosahedra rotational freedom further stabilizes the structure and
opens up a 2eV band gap. Careful modification of the icosahedra, possibly replacing B with
Fe to produce clusters with a net magnetic dipole, would allow orienting the clusters with an
external electromagnetic field. This would allow one to change the optical properties and
electrical conductivity with an external field, making the material a highly sensitive sensor
or switch.

The potential of this entirely new class of materials is largely unexplored. The recent
demonstrations proved that the technology has reached a level that researchers can form,
separate, and characterize clusters in the <30A size range. Adding or subtracting a single
atom, however, dramatically affects the valence electronic structure of the cluster, which
changes the cluster chemistry. No one has yet demonstrated the yield and level of control
necessary to synthesize clusters with the necessarily precise compositions and structures.
The recent rapid advances in cluster formation and classification technologies will enable
creation of these materials in the near future.

The additional degrees of chemical freedom introduced by clusters in the structure will open
up new possibilities in materials design. The theorists have predicted some of the IR and
optical properties for some crystals, but the mechanical behavior of the crystals has been
relatively unexplored. The effects of point and line defects in the crystals, crucial to current
electro-optical materials’ performance, are also unexplored. There is also the possibility of
cluster isomers (different cluster topology giving different electronic structure), and cluster
“cations” as well at “anions” with complex inter-cluster orientation effects open up broad
new possibilities. If the icosahedral aluminum alloys are a measure of the potential for this
class of materials, there are possibilities as high strength structural materials,
superconductors, thermoelectrics with high ZT, novel magnetic materials for ultra high data
storage, and optical materials with extremely large optical nonlinearities.
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Objective: The first objective of this project is to synthesize atomic clusters of tailored
composition, structure and size, and self-assemble them into condensed films and solid
crystals that retain the distinct properties of the clusters. The second objective is to
characterize the mechanical and electro-optical properties of the films and solids, and
compare them to the current theoretical understanding of these systems. This should
validate the current theoretical understanding and lead to sufficient model fidelity to begin
activities on the exploration of devices based on cluster materials.

Research Concentration Areas: Areas of potential interest can include: (1) ab initio
quantum chemical calculations and molecular dynamics simulations of cluster structure and
cluster interactions; (2) metal and metalloid cluster synthesis, separation, and purification
to produce various clusters for further studies; (3) spectroscopic and microscopic
characterization of free clusters and small cluster agglomerates; (4) Stabilization and
passivation of clusters using alloying and compounding; (5) high resolution microscopy of
cluster films and cluster solids, including scanning probe techniques that probe local physio-
chemical properties; (6) Mechanical characterization of film and 3D solid cluster materials;
and (7) characterization of cluster materials in electro-optical device applications.

Impact: Exploration of these materials is only just beginning. Aside from the Cgq
materials, assembled cluster solids at this scale are unknown, but theorists predict
examples of these materials with 1-2eV band gaps, which would enable revolutionary
electro-optical applications. We anticipate major DoD impacts in magneto-optical storage
systems, optical communications, sensors, and quantum devices.

Research Topic Chief: Dr. William M. Mullins, ARO, (919) 549-4286,
william.mullins@us.army.mil
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OMNI—OPTICAL MATERIALS WITH NEGATIVE INDEX

Background: Understanding how light interacts with matter, and particularly in the special
case of how it behaves as it propagates through transparent materials described by an
index of refraction n, has revolutionized the world in which we live. From telescopes to
optical fibers, there are countless examples of optical components that shape our
civilization. Thus far, our experience is defined by components characterized by a positive
index, n>1. We are now on the threshold of exploring an entirely new world of devices that
have a negative index of refraction. Theory has shown that negative index materials (NIMs)
can be employed to create, paradoxically, flat lenses. In recent groundbreaking
experiments, in the microwave region, negative refraction and flat lens imaging were
demonstrated, verifying the theory. This means that lighter, conformable optics at other
wavelengths may also be possible. Equally striking is the prediction that sub-wavelength
focusing and resolution may be possible. Applications for this would be numerous, for
example opening an entirely new approach to nano-lithography. It seems possible to
extend the development of negative index materials from the microwave to higher
frequencies—into the IR and visible region. In a recent workshop (see
http://www.aro.army.mil/phys/nim/index.html), it was recognized that nanofabrication
technologies may soon be able to produce micron and sub-micron sized conductors and
inductors that will allow demonstration of negative permittivity and permeability in the IR or
visible wavelength region. However, losses in these materials may become prohibitive as
frequencies increase. Alternatively, it has been proposed that lossless negative refraction
can be accomplished without the use of materials with negative permittivity or permeability.
Instead, photonic band dispersion engineering can create an “effective NIM” that mimics
negative refraction using structured dielectric materials. It is the purpose of this MURI to
develop theoretical models and perform experimental demonstrations of actual and effective
NIMs that operate in the IR or visible wavelength regions.

Objective: The objective of this MURI is to design and create actual and effective negative
index materials (NIMs) that operate in the IR or visible spectrum. Electromagnetic theory
calculations and simulations need to be performed to design the NIM or to identify limiting
physical, materials, or engineering challenges that prevent the manufacture of such NIMs.
NIMs fabricated in the IR or visible wavelength region must be thoroughly characterized
with a final goal of demonstrating an optical element such as a flat lens or subwavelength
focuser.

Research Concentration Areas: NIM research may address either the IR region, where
the substructures are larger, or the optical region, the ultimate goal, or both, in the
following areas: (1) one approach is expected to be the development of new NIMs, i.e.,
materials with embedded conductive and inductive elements whose components are
comparable to the wavelength of light. This will establish a negative permittivity and
negative permeability, resulting in a negative index of refraction. Although this approach
has been successful at microwave frequencies (for example, employing split rings or
metallic rods with losses below 1 db/cm) the loss is expected to increase with increasing
frequency, and these losses must be somehow reduced to acceptable levels; (2) an entirely
different approach to NIMs may lie in the use of specially-designed photonic crystals which
may exhibit negative refraction using simple structured dielectrics. The advantage of these
materials is that they do not exhibit the expected losses of metamaterials, but it is not
known if they can mimic NIMs in all ways. Any research involving photonic crystals as
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effective NIMs must compare the performance to that possible from an actual NIM structure
operating at the same wavelengths. Comparative experimental demonstrations of both
actual and effective NIM structures must be performed to verify the predicted
performances; and (3) comprehensive theoretical simulations must be developed for the
modeling of actual and effective NIM structures. The models will be used both to design the
structures and to identify limiting physical, materials, and engineering challenges that may
prevent their manufacture. Theoretical and numerical models must not only address the loss
issue, but must also consider the adoption of a common, universal code that includes all of
the relevant effects, including plasmons, energy build up, dissipation, and resonant effects.

Impact: Negative index materials in the optical and IR would be revolutionary. They would
allow for lightweight conformable optics. They would enable the construction of larger and
lighter IR lenses. NIMs could have an enormous impact in improved beam steering and
covert communications, as well as in the development of new photonic interfaces and
components. Perhaps most revolutionary of all, we may be able to break the wavelength
barrier. Imaging below the wavelength of light would have an extraordinary impact on
nanolithography and microscopy, providing increased resolution without the requirement of
shorter and more damaging radiation.

Research Topic Chief: Dr. Richard Hammond, ARO, (919) 549 4313
richard.hammond@us.army.mil
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FY06 MURI Topic #23
Submit white papers and proposals to the Army Research Office

MONOLITHIC SILICON MICROBOLOMETER MATERIALS FOR UNCOOLED INFRARED
DETECTORS.

Background: The capability for RT imaging in a 300K background without cooling
requirements is a disruptive revolutionary technology. Disruptive in the sense that it
promises to displace existing expensive sensor products requiring cooling which have limited
availability to the war fighter. The development of low cost monolithic silicon
microbolometer arrays, based on vanadium oxide, VOx, with sensitivity within a factor of 20
of the theoretical limit is the prime cause of this outstanding achievement. Major
technology advances have been in novel inventions for pixel isolation and the development
of low noise complex readout integrated circuits. However, the microbolometer structures
suffer from spatial non-uniformities, low temperature coefficients of resistivity (TCR), 1/f
noise, image retention, and large time constants. To solve these problems, and to take the
next step to the theoretical limit, requires an understanding at the molecular level of
material parameters and fabrication effects in microbolometer material systems. Virtually
no prior research has been done to examine these issues as industry has rushed to market
without the fundamental knowledge of these chemically complex, disordered, semi-
amorphous systems. This topic is intended to provide a vehicle to address the issues facing
today’s uncooled imagers and provide the mechanism to push them into next generation
applications.

Objectives: Explore the fundamental issues impacting the use of thin film bolometric
materials for monolithic silicon microbolometer arrays. Investigate approaches to mitigate
the problems of spatial non-uniformity, 1/f noise, and image retention. Investigate new
materials systems which promise to have superior properties and figures of merit to those
of the current state-of-the-art and explore ways to improve the TCR, decrease the time
constant, and achieve 300K background limited performance.

Research Concentration Areas: It is expected that a mix of materials science, solid
state physics, chemistry, and electrical engineering will be required to perform the
necessary research.

e Growth and processing of thin film, bolometric material systems that are appropriate for
thermally isolated bolometer structures on silicon integrated circuits. Examples of such
materials systems are VO, a-Si:H, and a-Si;., Ge,:H. Conduct research to understand
the phase diagram and mixed phase compositions and microstructures for specific
growth conditions, including post annealing and processing.

e Perform studies of the effects of the composition and crystallinity on the critical
bolometer parameters of TCR, resistivity pre-factors, 1/f noise, and heating retention
effects. Perform analysis based upon characterization at the atomic or nearly atomic
(nanometer) scale. Quantify the chemical bonding states; confirm the amorphous
character of the films and composition and susceptibility to the application of non-
equilibrium conditions (high bias during signal readout). Understand the underlying
chemical disorder that somehow prevents the formation of long range order. Doping
studies, defect analysis, and passivation should also be included.

e Develop predictive models for the critical bolometer parameters based upon the local
interactions within the material systems. The interactions will be defined by the x values,
doping levels, temperature history and the degree of micro-crystallinity.

e Develop new highly promising materials systems and novel structures for thermal
imaging applications, such as materials with TCR values in the range of 5-10%, lower 1/f
noise values, and materials with stable properties under non-equilibrium conditions and
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less susceptible to changes and statistical variations in properties induced by processing
and post annealing.

Impact: The capability to see at night without the need for any form of illumination
provides unique advantages to our warfighters. Uncooled imagers are viewed as
revolutionary and disruptive in the sense that they will displace existing cooled infrared
sensor products for important applications, provide new product functions, and open new
markets, heretofore not addressable with the current capability. Next generation goals
include dual color uncooled imagers for flash detection, missile seekers, and situational
awareness in urban environments. Perhaps the major goal for thermal imagers is to
provide a camera to every soldier in the field. Understanding at the molecular level of the
dynamics of the materials will provide a quantitative fundamental base toward achieving
that goal.

Research Topic Chiefs: Dr. William Clark, ARO, 919-549-4314; email:
william.w.clark@us.army.mil
Dr. John Prater, ARO, 919-549-4259, john.t.prater@us.army.mil
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ULTRAFAST SWITCHING FOR OPTICAL IMAGING

Background: Ultrafast optical switches are of significant interest to DoD for a range of
applications including three-dimensional, high-density optical computing, optical
communications, optical electronics, sensing, and situational awareness, to name a few.
Recent advances in switching materials, nanofabrication, and ultrafast detectors and circuits
show promise for achieving a multifunctional ultrafast switching material. This research will
focus on enhancing, tuning, and controlling ultrafast nonlinear optical responses without
operating in the focal plane by combining novel frequency selective switches with
nanostructured, field-enhancing optical materials. The goal is to generate a new
multifunctional material that will switch in a narrow band in response to specific, intense
wavelengths, will be unaffected at other wavelengths, will operate reversibly, and will
maintain a broad field of view. Several different nonlinear optical materials show promise
for achieving these goals if used in combination with materials designed for field
enhancement. Examples of promising nonlinear optical materials include magneto-optic
materials, photoanisotropic molecules, quantum well structures, quantum dots, core-shell
metal nanoparticles, organic/inorganic heterostructures, and highly conjugated organic
molecules. Conversely, advances in materials nanofabrication have produced photonic
bandgap structures within which high electric fields may be used to enhance optical
switching. Unlike traditional resonators, innovative design may produce field-enhancing
structures with rapid switching speeds and a broad field of view. In order to meet unique
DoD needs, frequency selective ultrafast nonlinear optical switching will be explored by
combining novel nonlinear optical materials with field enhancing materials designed to meet
the material property goals discussed herein.

Objective: The goal of this MURI topic is to initiate a research program to explore the
fundamental science and engineering of new material systems that exhibit frequency
selective ultrafast nonlinear optical switching. The materials are of interest for use in
imaging applications, either active or passive, without the use of an intermediate focal
plane. The short-term goal is to understand the fundamental physics, chemistry, materials
science and engineering properties of ultrafast nonlinear optical materials in novel optical
materials designed for field enhancement. The long-term goal is to combine frequency
selective ultrafast nonlinear optical switching with field enhancing materials to demonstrate
switching triggered in a narrow band by intense light, rapid reversibility, inert behavior at
other wavelengths, while maintaining a broad field of view.

Research Concentration Areas:

Ultrafast Nonlinear Optical Materials: Research should focus on materials that have the
potential to perform as ultrafast switches. These include, but are not limited to, magneto-
optic materials, photoanisotropic materials, quantum well structures, quantum dots, core-
shell metal nanoparticles, organic/inorganic heterostructures, and highly conjugated organic
molecules. Switching speeds should be demonstrated in the hundreds of picoseconds
range, and material stability and temperature effects should be explored, including the role
of phonons in mediating radiative and non-radiative transitions. Switching speed and
performance must be characterized and optimized as a function of incident radiation energy
and wavelength. Switching should be triggered in a narrow band, exhibiting no response at
other wavelengths, and be rapidly reversible.

Field Enhancing Materials: Nanostructured materials are of potential interest because they
may provide properties such as tunability and switching unattainable from traditional
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resonators. The ability to fabricate nanoscale features allows the targeting of bandgaps and
has recently made it possible to create dynamic photonic bandgap materials that interact
strongly with light in new ways. The effects of nanoscale features on energy absorption and
dissipation, wavelength selectivity, and tunability should be explored and characterized.
Material stability should be demonstrated as a function of incident irradiation energy and
wavelength, the impact of imperfections should be quantified, and the trade-off of field
enhancement and field of view must be considered.

Multifunctional System Characterization: A key aspect of this research is to combine
promising ultrafast nonlinear optical materials with field enhancing materials, such as
nanostructured materials, to generate a multifunctional material system with properties not
attainable independently. Promising systems should be explored to characterize switching
speed, switching capability over specific energy ranges, wavelength tunability, energy
absorption and dissipation, the transition pathways between states, and the effect of feature
size on switching and other properties of interest to DoD. Bulk material properties and
materials processing are of interest and should be explored and characterized. Low
bulk/weight and low power consumption are desirable system attributes. Optical switching
and tunability should occur without the use of a focal plane, be useful over a broad range of
wavelengths in the VIS/nIR portion of the spectrum, and maintain a broad field of view.

Impact: This research seeks to explore the basic science and engineering associated with
materials that can achieve unprecedented switching speeds in unique materials that impart
tunability and multifunctionality. The results are directly relevant to the soldier for three-
dimensional, high-density optical computing, ultrafast communications, optical electronics,
sensing, and situational awareness.

Research Topic Chief: Douglas Kiserow, Army Research Office 919-549-4213,
douglas.kiserow@us.army.mil
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FY06 MURI Topic #25
Submit white papers and proposals to the Army Research Office

Ultrafast, Non-Equilibrium Laser-Material Interactions

Background: Femtosecond laser pulses have the potential for unique, fundamental studies
of materials due to the short laser pulse time compared to most chemical and physical
processes and the extremely high irradiance. In contrast to previous studies performed
using nanosecond or longer pulses, femtosecond pulses introduce new phenomena,
requiring new experimental and theoretical understanding. The femtosecond pulse duration
is shorter than thermal and mechanical equilibrium characteristic times, which allows for the
study of physical and chemical properties in the non-equilibrium state. Additionally,
femtosecond laser pulses have such high intensity in their focus that they can create
energetic plasmas, emitting a broad spectrum of radiation, up to X-ray photons, which could
aid microscopic transient structure studies. Femtosecond laser pulses can induce
nonthermal structural changes, driven directly by electronic excitation and associated
nonlinear processes, before the material lattice has equilibrated with the excited carriers
resulting in reduction in thermal stress and minimal collateral damage in solid-state
materials. In surface probing applications, femtosecond lasers produce more than double
the mass ablation rate with cleaner crater profiles than pulsed nanosecond lasers.
Femtosecond laser ablation produces smaller particles than those produced by nanosecond
lasers. The reduction of thermal effects allows for more control and precision in the
sampling of "soft" materials (biological and organic). Femtosecond laser ablation of surface
explosives residues is a promising route to increased performance of spectral sensors for
Improvised Explosive Device (IED) detection through superior coupling with, and sampling
of, the explosives residue contamination layer found on vehicle surfaces, metals, plastics,
clothing. While there is a growing body of experimental observation of the effects of
femtosecond lasers on materials, there is not a comprehensive model for the complex
processes involved in the coupling of the radiation with the material, the formation and
dynamics of the resulting plasma, and the time-dependent spectral emission. Such a model
is essential for the development of material probes using femtosecond lasers.

Objective: The research conducted under this topic will lead to a fundamental and
comprehensive understanding of the plasma generation and laser-material interaction
processes at femtosecond time scales. Specifically, it will lead to a computational model for
the initiation of the microplasma and the time dependence of the plasma and its radiation
field.

Research Concentration Areas: Areas of concentration of this MURI include the
development and experimental verification of a full physico-chemical model that
incorporates the nonthermal and

nonlinear processes that govern the interaction of ultrashort pulse length lasers with
materials. This would include the three basic stages of this phenomenon: (a) the initial
laser radiation/material interaction, (b) the physics and fluidics of matter transformation
into vapors, particles, and plasmas (including plasma growth, expansion, and the resulting
radiation field, and mixing with the surrounding atmosphere), and (c) the transition of this
plume into a thermal event through the mediation of collisions. As a limiting case, a parallel
experimental and modeling study will be conducted of laser/materials interactions at a
timescale where collisions govern the evolution of the phenomenon. This will include
modeling of: (1) nonlinear optically-driven processes; (2) heat deposition, transfer, and
dissipation; (3) excited-state plasma dynamical processes; and (4) the fluid dynamics of the
expanding, transient plasma plume. Chemical issues that require further research involve
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the transition of nonthermal effects into the subsequent ejected particulate matter and
remaining crater composition and morphology.

Impact: The successful execution of this research will provide new understanding of the
phenomenology underlying the interaction of ultrafast laser pulses with both bulk materials
and surface layers. This new insight, in turn, will drive the use of ultrafast lasers for
important new application areas. Examples of areas where the impact would be greatest
include (1) sensing of surface contamination (e.g. explosives, bio-hazards) as well as of
long-distance standoff detection of vapors and aerosol, (2) production of novel
nanomaterials such as nanoenergetics, as well as (3) the sub-micron modification of
materials through a variety of nonthermal and non-equilibrium processes. In addition,
areas where fast processes are important such as communication and shock physics will
benefit from the knowledge that will be developed by this research program.

Research Topic Chief: Dr. David Mann, ARO, 919-549-4249, david.mannl@us.army.mil
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FY06 MURI Topic #26
Submit white papers and proposals to the Army Research Office

URBAN TARGET RECOGNITION BY AD HOC NETWORKS OF IMAGING SENSORS AND
LOW-COST, NONIMAGING SENSORS

Background: Current automatic target recognition (ATR) systems emphasize functionality
of individual sensors, often visual or IR imaging sensors, and achieve improved performance
by improved processing, including fusion of two or more images. Soon, a great variety of
sensors, including low-cost, non-imaging sensors in an ad hoc multi-modal network, will be
available for use in target recognition. Since imaging sensors produce information-rich
output and operate in standoff scenarios, imaging sensors are likely to remain the main
basis for target recognition. Enhancements of single-mode imaging, such as stereo vision
and hyperspectral methods, will grow further before they “top out” as methods for target
recognition, but nevertheless, have fundamental limitations on performance and
computational complexity. Low-cost, nhon-imaging sensors (air acoustic, seismic, electric-
field, magnetic-field, environmental, non-imaging passive IR, etc.) provide valuable
information that is “orthogonal” to that of imaging sensors. Over the past five years, audio-
visual object/event recognition has been successfully demonstrated in limited scenarios. In
contrast to the current work, the future work will have to consider multimodal (rather than
just acoustic) non-imaging sensors and ad hoc wireless (rather than the current “hard-
wired”) networks. The growing importance of non-imaging sensing modes in cluttered and
obstructed urban environments suggests that now is an opportune time to capitalize on the
recent audio-visual advances and create algorithms and principles for target recognition
using imaging sensors and a variety of non-imaging sensors in an ad hoc network.

Objective: Develop computationally feasible target recognition procedures for cluttered
and often partly occluded urban situations by bandwidth- and power-limited ad hoc
networks of imaging sensors and low-cost non-imaging sensors.

Research Concentration Areas: Interdisciplinary research in signal processing, pattern
recognition, mathematics, statistics and networks is needed in the following six areas: (1)
develop nonlinear models for object/target recognition by automatic, no-human-in-the-loop
local ad hoc fusion of information from one or more imaging sensors with information from
non-imaging sensors (not merely cueing of imaging sensors by non-imaging sensors). The
fusion should take place in the context of an ad hoc bandwidth- and power-constrained
wireless network with changing connectivity. Partial occlusion and clutter should be
assumed and nonlinear models for occlusion and clutter will have to be identified or
developed in this work; (2) based on the fusion models of Area (1), design and implement
target recognition algorithms that, in various metrics (perhaps including but not necessarily
restricted to probability of detection and false alarm rate), come close to optimality. One
aspect of this is to determine the trade-offs between imaging and non-imaging modes and
between sensor-based processing and local-network-based processing (taking strong
communication and power constraints into account). Network layers from the sensors
through media access control to higher levels need to be arranged so that robust target
recognition can be achieved; (3) determine the accuracy, false alarm rate, computational
load, communication load and overall robustness of the target recognition algorithms of
Area (2). Determine sensitivity and robustness to local variations in sensor density and
modality. Determine algorithms for identifying the minimum, optimum, maximum and/or
expected amount of sensors and network resources needed for various target recognition
tasks. Determine the dependence of the algorithms on dynamic network characteristics and
inter-node communication or lack thereof (as in transmission-condition-caused fade-out).
Determine robustness of the algorithms under realistic, variable conditions; (4) identify or
create suites of events on which the target recognition procedures produced by this effort
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can be tested for practicality. This effort must take into account sensor characteristics and
propagation, but does not include investigation/characterization or development of
individual sensors or of propagation models; (5) using the suites of events of Area (4),
compare the capabilities and limitations identified in Area (3) to those of current target
recognition methods; and (6) Provide information about the effect of the load produced by
the target recognition task on the overall performance of the system, which will have other
tasks. Note for all RCA’s: Since communication and power will be constrained, this research
must take place in the context of whether and under what priority various types of
information will be communicated. Latency must be considered. The system proposed must
take into account that a lot of nonimaging information can be gathered and communicated
for the same cost as a few images and make appropriate tradeoffs at many levels.

Impact: Army, Marines, Air Force and Navy increasingly operate in and around urban areas
and will benefit from improved urban target recognition capabilities for military operations
and for monitoring of military or terrorist activity. Uses of this technology in the civilian
economy include border and installation security, rapid browsing of stored video/audio,
monitoring of manufacturing processes, intelligent traffic systems and traffic monitoring.

Research Topic Chief: Dr. John Lavery, ARO, 919-549-4353, john.lavery2@us.army.mil
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