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CHAPTER 1: ARO MISSION AND INVESTMENT STRATEGY

This report is intended to be a single-source document describing the research programs of the U.S. Army
Research Office (ARO) for fiscal year 2011 (FY11; 1 Oct 2010 through 30 Sep 2011). This report provides:

* A brief review of the strategy employed to guide ARO research investments and noteworthy issues
affecting the implementation of that strategy

* Statistics regarding basic research funding (i.e., “6.1” funding) and program proposal activity

* Research trends and accomplishments of the individual ARO scientific divisions

I. ARO MISSION

The mission of ARO, as part of the U.S. Army Research Laboratory (ARL), is to execute the Army’s extramural
basic research program in these disciplines: chemical sciences, computing sciences, electronics, environmental
sciences, materials science, mathematical sciences, mechanical sciences, network sciences, life sciences, social
sciences, and physics. The goal of this basic research is to drive scientific discoveries and increase the general
store of scientific knowledge through high-risk, high pay-off research opportunities primarily with universities,
and also with industrial and governmental laboratories. ARO also ensures that the results of these efforts are
made available to the Army research and development community, for the pursuit of long-term technological
solutions for the Army.

II. ARO INVESTMENT STRATEGY

ARO emphasizes a general two-pronged investment strategy for ARO to meet its mission: requirements pull and
technology push.

A. Requirements Pull

The requirements pull strategy supports the National Security Strategy by following Joint Capabilities
Integration and Development System (JCIDS) processes, in which ARO promotes research in response to a wide
variety of published requirements and needs, including the Army Science and Technology Master Plan, Science
and Technology Challenge Areas, Training and Doctrine Command Warfighter Outcomes, and Quadrennial
Defense Review (QDR). This strategy can also be referred to as needs-driven research, which emphasizes long-
term efforts to improve existing capabilities or overcoming identified technology barriers.

B. Technology Push

ARO also invests heavily in discovery research targeted at extraordinarily novel and innovative science that may
not be focused on a specific application, but promises tremendous value across many technologies and
applications, some of which may be fundamentally new. This technology push strategy emphasizes opportunity-
driven research aimed at developing and exploiting scientific breakthroughs to produce revolutionary new
capabilities.



The scope of ARO research investment strategy is broad and decidedly long range, with system applications
often 10—15 years away, or more. The long-range focus of ARO’s investment strategy is designed to maintain
the Army’s overwhelming capability in the expanding range of present and future operations. However, there
have also been many research programs throughout ARO’s history that had spin-offs (i.e., transitions) to system
applications in much shorter times, and these are actively pursued to ensure that extramural basic research is
optimally contributing to the advancement of the current Warfighter’s capabilities.

C. Specific Strategies

More specifically, ARO employs the following strategies to fulfill its mission:
» Execute an integrated, balanced extramural basic research program

* Create and guide the discovery and application of novel scientific phenomena leading to leap-ahead
technologies for the Army

» Drive the application of science to generate new or improved solutions to existing needs
» Accelerate research results transition to applications in all stages of the research and development cycle

* Strengthen the research infrastructures of academic, industrial, and nonprofit laboratories that support the
Army

» Focus on research topics that support technologies vital to the Army's future force, combating terrorism
and new emerging threats

» Leverage the science and technology (S&T) of other defense and government laboratories, academia and
industry, and appropriate organizations of our allies

» Foster training for scientists and engineers in the scientific disciplines critical to Army needs

+ Actively seek creative approaches to enhance the diversity and capabilities of future U.S. research
programs by enhancing education and research programs at historically black colleges and universities,
and minority-serving institutions

III. IMPLEMENTING ARO INVESTMENT STRATEGY

As described in the previous section, ARO employs multiple strategies to fulfill its mission. A snapshot of the
ARO research programs is provided in this section, and each program is described further in CHAPTER 2:
PROGRAM DESCRIPTIONS AND FUNDING SOURCES.

A. Program Snapshot

The research programs managed by ARO range from single investigator research to multidisciplinary/multi-
investigator initiatives. A typical basic research grant within a program may provide funding for a few years,
while in other programs, such as research centers affiliated with particular universities, a group of investigators
may receive funding for many years to pursue novel research concepts. The programs for the Historically Black
Colleges and Universities and Minority Institutions (HBCU/MI) are aimed at providing infrastructure and
incentives to improve the diversity of U.S. basic research programs (see CHAPTER 2-IX). The National Defense
Science and Engineering Graduate (NDSEG) fellowship program is one mechanism through which ARO fosters
the training of a highly-educated workforce skilled in DoD and Army-relevant research, which is critical for the
future of the nation (see CHAPTER 2-X). ARO also has extensive programs in outreach to pre-graduate education
to encourage and enable the next generation of scientists (see CHAPTER 2-XI). In addition, ARO guides the
transition of basic research discoveries and advances to the appropriate applied-research and advanced-
development organizations. ARO is actively engaged in speeding the transition of discovery into systems, in



part through involvement in the development of topics and the management of projects in the Small Business
Innovation Research (SBIR) and Small Business Technology Transfer (STTR) programs (see CHAPTER 2-VIII).

B. Coordination for Program Development and Monitoring

The research programs and initiatives that compose ARO’s extramural research program are formulated through
an ongoing and active collaboration with a variety of Federal research organizations, including the:

* ARL Directorates:
— Computational and Information Sciences Directorate (ARL-CISD)
— Human Research and Engineering Directorate (ARL-HRED)
— Sensors and Electron Devices Directorate (ARL-SEDD)
— Survivability/Lethality Analysis Directorate (ARL-SLAD)
— Vehicle Technology Directorate (ARL-VTD)
— Weapons and Materials Research Directorate (ARL-WMRD)

* Research, Development, and Engineering Centers (RDECs) within the Research, Development and
Engineering Command (RDECOM)

* Army Medical Research and Materiel Command (MRMC)
* Army Corps of Engineers
* Army Research Institute for the Behavioral and Social Sciences

* Army Training and Doctrine Command

While the ARL Directorates and the RDECOM Centers are the primary users of the results of the ARO research
program, ARO also supports research of interest to the Army Corps of Engineers, MRMC, other Army
Commands, and DoD agencies. Coordination and monitoring of the ARO extramural program by the ARL
Directorates, RDECs, and other Army laboratories ensures a highly productive and cost-effective Army research
effort. The University Affiliated Research Centers (UARCs) and Multidisciplinary University Research
Initiative (MURI) centers benefit from the expertise and guidance provided by the ARL Directorates, RDECs,
and other DoD, academic, and industry representatives who serve on evaluation panels for each university
center.

The Office of the Secretary of Defense (OSD) research programs that are managed by ARO include the
University Research Initiative (URI) programs, and the Research and Educational Program (REP) for
HBCU/MIs. These programs also fall under the executive oversight of the Defense Basic Research Advisory
Group. Other members of this group include the Assistant Secretary of Defense for Research and Engineering
(ASD(R&E)), formerly known as the Director, Defense Research and Engineering (DDR&E), and
representatives from the Office of Naval Research (ONR), the Air Force Office of Scientific Research (AFOSR)
and the Defense Advanced Research Projects Agency (DARPA).



IV. ARO ORGANIZATIONAL STRUCTURE

The organizational structure of ARO mirrors the departmental structure found in many research universities.
ARO’s scientific divisions are aligned to a specific scientific discipline (e.g., chemical sciences), and supported
by a variety of divisions in the Operations Directorate (see FIGURE 1).
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ARO Organizational Structure. ARO’s scientific divisions fall under the Physical Sciences, Engineering
Sciences, and Information Sciences Directorates. Each scientific division has its own vision and research
objectives, as described further in CHAPTERS 3-12. *The RDECOM Acquisition Center executes the contracting
needs for ARO-funded research; however, as part of the Army Contracting Command, it also provides contracting

activities for RDECOM.



CHAPTER 2: PROGRAM DESCRIPTIONS AND FUNDING SOURCES

As described in the previous chapter, ARO pursues a variety of investment strategies to meet its mission as the
Army's lead extramural basic research agency in these disciplines: chemical sciences, computing sciences,
electronics, environmental sciences, materials science, mathematical sciences, mechanical sciences, network
sciences, life sciences, and physics. ARO implements these investment strategies through research programs and
initiatives that have unique objectives, eligibility requirements, and receive funding from a variety of DoD
sources. This chapter describes the visions, objectives, and funding sources of these programs, which compose
the overall ARO extramural research program.

The selection of research topics, proposal evaluation, and project monitoring are organized within ARO
Divisions according to scientific discipline (refer to the organizational chart presented in CHAPTER 1). ARO’s
Divisions are aligned with these disciplines, each with its own vision and research objectives, as detailed in
CHAPTERS 3-12. Each Division identifies topics that are included in the broad agency announcement (BAA).
Researchers are encouraged to submit white papers and proposals in areas that support the Division’s objectives.

I. OVERVIEW OF PROGRAM FUNDING SOURCES

ARO oversees and participates in the topic generation, proposal solicitation, evaluation, and grant-monitoring
activities of programs funded through a variety of DoD agencies, as discussed in the following subsections. A
summary of the funding sources and allotments for ARO managed or co-managed programs is provided at the
end of this chapter.

A. Army Funding

The majority of the extramural basic research programs managed by ARO is funded by the Army. These
programs are indicated below and are described in more detail later in this chapter.

* The Core (BH57) Research Program, funded through basic research “BH57” funds (see Section II).
* The University Research Initiative (URI), which includes these component programs:
— Multidisciplinary University Research Initiative (MURI) program (see Section IIT)
— Presidential Early Career Awards for Scientists and Engineers (PECASE; see Section V)
— Defense University Research Instrumentation Program (DURIP; see Section V)
» Two University Affiliated Research Centers (UARCs; see Section VI)

* The Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR)
programs (see Section VIII)

ARO coordinates with the Office of the Secretary of Defense (OSD) in the management of Army-funded URI
programs (MURI, PECASE, and DURIP).



B. Office of the Secretary of Defense (OSD) Funding

The funds for a variety of programs managed or supported by ARO are provided by OSD. The objectives for
these programs are described in later sections of this chapter.

* Research and Educational Program (REP) for Historically Black Colleges and Universities and Minority
Institutions (HBCU/MI; see Section IX)

» National Defense Science and Engineering Graduate (NDSEG) Fellowships (see Section X)

* Youth Science Activities (see Section XI)

These activities are mandated by DoD’s Chief Technology Office, the Assistant Secretary of Defense for
Research and Engineering (ASDR&E), formerly known as the Director, Defense Research and Engineering
(DDR&E). Each of these OSD-funded programs has a different focus and/or different target audience. ARO has
been designated by ASDR&E as the lead agency for the implementation of REP for HBCU/MI activities on
behalf of the three Services. OSD oversees ARO management of the Army-funded URI and its component
programs (MURI, PECASE, and DURIP).

In FY10, the Defense Experimental Program to Stimulate Competitive Research (DEPSCoR) program officially
ended, as DoD no longer included this effort in fund requests for FY 10 and future year budgets.

C. Other Funding Sources

In addition to the Army- and OSD-funded programs described earlier in this section, ARO leverages funds from
other DoD sources (e.g., Defense Advanced Research Projects Agency [DARPA] and Defense Threat Reduction
Agency [DTRA]) to support a variety of external programs with specific research focuses. These joint programs
have research objectives in line with the investment strategies of both an ARO Division and the strategies of the
funding source or partner agency. Due to the unique nature of these cooperative efforts and their alignment with
a specific scientific discipline, each externally-funded effort is discussed within the chapter of the scientific
Division with which they align (see CHAPTERS 3-12).

II. ARO CoORE (BH57) RESEARCH PROGRAM

ARO’s Core Research Program is funded with Army basic research “BH57” funds and represents the primary
basic research funding provided to ARO by the Army. Within this program and its ongoing BAA, research
proposals are sought from educational institutions, nonprofit organizations, and commercial organizations for
basic research in electronics, physics, and the chemical, computing, environmental, life, materials, mathematical,
mechanical, and network sciences. The goal of this program is to utilize world-class and worldwide academic
expertise to discover and exploit novel scientific opportunities, primarily at universities, to provide the current
and future force with critical new or enhanced capabilities.

ARO Core Research Program activities fall under five categories, discussed in the following subsections:

(a) Single Investigator awards, (b) Short Term Innovative Research efforts, (c) Young Investigator Program,

(d) support for conferences, workshops, and symposia, and (e) special programs. A summary of the FY11 Core
(BHS57) Research Program budget is presented in Section XIII-B.

A. Single Investigator (SI) Program

The goal of the SI program is to pursue some of the most innovative, high-risk, and high-payoff ideas in basic
research. Research proposals within the SI Program are received throughout the year in a continually-open BAA
solicitation. All states are eligible to receive funding within this program, which focuses on basic research
efforts by one or two faculty members along with supporting graduate students and/or postdoctoral researchers.



B. Short Term Innovative Research (STIR) Program

The objective of the STIR Program is to explore high-risk, initial proof-of-concept ideas, typically within a nine-
month timeframe. Research proposals are sought from educational institutions, nonprofit organizations, or
private industry. If a STIR effort’s results are promising, the investigator may be encouraged to submit a
proposal within another program, to be evaluated for potential longer-term funding options, such as an SI award.

C. Young Investigator Program (YIP)

The objective of the YIP is to attract outstanding young university faculty members to Army research, to support
their research, and to encourage their teaching and research careers. Young investigators meeting eligibility
requirements may submit a YIP proposal. Outstanding YIP projects may be considered for the prestigious
PECASE award (see Section [V).

D. Conferences, Workshops, and Symposia Support Program

The ARO Core Program also provides funding for organizing and facilitating scientific and technical
conferences, workshops, and symposia. This program provides a method for conducting scientific and technical
conferences that facilitate the exchange of scientific information relevant to the long-term basic research
interests of the Army and help define research needs, thrusts, opportunities, and innovation.

E. Special Programs

Although the ARO SI, STIR, YIP, and conference-support programs constitute the primary use of BH57 funds,
the ARO Core Research Program also supports a variety of special programs. These special programs include
the Army-supported High School Apprenticeship Program (HSAP) and Undergraduate Research Apprenticeship
Program (URAP), which are part of the Youth Science Activities (see Section XI), funding for in-house staff and
research activities, and matching funds applied to the ARO Core-funded HBCU/MI program.

III. MULTIDISCIPLINARY UNIVERSITY RESEARCH INITIATIVE (MURI)

As described in Section I: Overview of Program Funding Sources, the MURI Program is part of the University
Research Initiative (URI) and supports research teams whose research efforts intersect more than one traditional
science and engineering discipline. A multidisciplinary team effort can accelerate research progress in areas
particularly suited to this approach by cross-fertilization of ideas, can hasten the transition of basic research
findings to practical applications, and can help to train students in science and/or engineering in areas of
importance to DoD.

In contrast with ARO Core program SI research projects, MURI projects support centers whose efforts intersect
more than one traditional research specialty, and are typically funded at $1.25 million per year for five years.
These “critical mass” efforts are expected to enable more rapid research and development (R&D) breakthroughs
and to promote eventual transition to Army applications.

Management oversight of the MURI program comes from the Research Office of ASDR&E to the Service
Research Offices (OXRs), where OXR program managers manage the MURI projects. The OXRs include ARO,
the Air force Office of Scientific Research (AFOSR), and the Office of Naval Research (ONR). OXR program
managers have significant flexibility and discretion in how the individual projects are monitored and managed,
while ASDR&E defends the program to higher levels in OSD and has responsibility for overall program
direction and oversight. Selection of Army research topics and the eventual awards are reviewed and approved
by ASDR&E under a formal acquisition process.



The following topics resulted in eight newly-funded Army MURI awards for FY11. The program managers
(PMs) and corresponding scientific division for each award are listed following the award titles.
1. Controlling the Abiotic/Biotic Interface, Dr. Jennifer Becker, Chemical Sciences and Dr. Stephanie
McElhinny, Life Sciences
2. Quantum Stochastics and Control, Dr. Harry Chang, Mathematical Sciences and Dr. TR Govindan,
Physics
3. Qubit Enabled Imaging, Sensing and Metrology, Dr. TR Govindan, Physics and Dr. Harry Chang,
Mathematical Sciences
4. Flex-Activated Materials, Dr. David Stepp, Materials Science and Dr. Douglas Kiserow, Chemistry

Game Theory for Adversarial Behavior, Dr. Purush Iyer, Network Sciences and Dr. Harry Chang,
Mathematical Sciences

6. Light Filamentation, Dr. Richard Hammond, Physics
7. Novel Free-Standing 2D Crystalline Materials (Oxides/Nitrides), Dr. Pani Varanasi, Materials Science
8. Value of Information for Distributed Data Fusion, Dr. Liyi Dai, Computing Sciences

In FY 11, the following topics were published in the FY12 MURI BAA in anticipation of future funding. The
PMs for each topic are listed following the topic titles.

9. Quantized Chemical Reactions of Ultracold Molecules, Dr. James Parker, Chemistry and Dr. Paul
Baker, Physics

10. 3D Topological Insulators with Interactions, Dr. Marc Ulrich, Physics and Dr. Pani Varanasi, Materials
Science

11. Translating Biochemical Pathways to Non-Cellular Environments, Dr. Stephanie McElhinny, Life
Sciences and Dr. John Prater, Materials Sciences

12. Revolutionizing High-Dimensional Data Integration for Microbial Forensics, Dr. Virginia Pasour,
Mathematical Sciences and Dr. Wallace Buchholz, Life Sciences

13. Predictive Models of Culture and Behavioral Effects on Societal Stability, Dr. Jeffrey Johnson, Life
Sciences, Dr. Virginia Pasour, Mathematical Sciences, and Dr. Bruce West, Information Sciences

14. Multivariate Heavy-Tailed Statistics: Foundations and Modeling, Dr. Harry Chang, Mathematical
Sciences and Dr. John Lavery, Mathematical Sciences

15. Novel Nanostructures for the Controlled Propagation of Electromagnetic Energy, Dr. Jennifer Becker,
Chemistry and Dr. Richard Hammond, Physics

16. Simultaneous Multi-synaptic Imaging of the Interneuron, Dr. Elmar Schmeisser, Life Sciences and Dr.
Dwight Woolard, Electronics

IV. PRESIDENTIAL EARLY CAREER AWARD FOR SCIENTISTS AND ENGINEERS (PECASE)

The PECASE program, also part of the URI program, attracts outstanding young university faculty members,
supporting their research, and encouraging their teaching and research careers. PECASE awards are the highest
honor bestowed by the Army to outstanding scientists and engineers beginning their independent careers. Each
award averages $200K/year for five years. PECASE awards are based in part on two important criteria:

(1) innovative research at the frontiers of science and technology (S&T) that is relevant to the mission of the
sponsoring organization or agency, and (ii) community service demonstrated through scientific leadership,
education, or community outreach.

Of the candidates nominated in FY 10 by ARO for consideration in the PECASE program, four investigators
were selected in FY'11 to receive PECASE awards. These awards began as “new start” projects in FY11 and are
listed in this section, with the project title followed by the principal investigator (PI), performing organization,



ARO PM and corresponding scientific division. Additional details for each of these projects can be found in the
corresponding scientific division’s chapter.

1. Precision Controlled Carbon Materials for Next-generation Optoelectronic and Photonic Devices.
PI: Professor Michael Arnold, University of Wisconsin — Madison
ARO PM: Dr. Michael Gerhold, Electronics Division

2. New Microstructures for Old Monomers: Syntheses of Gradient Pi-Conjugated Copolymers.
PI: Professor Anne McNeil, University of Michigan
ARO PM: Dr. Douglas Kiserow, Chemical Sciences Division

3. Nanofluidic Analysis of Protein Transport, Adsorption and Kinetics.
PI: Professor Sumita Pennathur, University of California - Santa Barbara
ARO PM: Dr. Stephanie McElhinny, Life Sciences Division

4. Single-nanoparticle Transducer.
PI: Professor Lan Yang, University of Washington
ARO PM: Dr. Dwight Woolard , Electronics Division

V. DEFENSE UNIVERSITY RESEARCH INSTRUMENTATION PROGRAM (DURIP)

DURIP, also part of the URI program, supports the purchase of state-of-the-art equipment that augments current
university capabilities or develops new university capabilities to perform cutting-edge defense research. DURIP
meets a critical need by enabling university researchers to purchase scientific equipment costing $50K or more
to conduct DoD-relevant research. In FY11, the Army awarded 62 awards at $10 million total, with the average
award being $160K.

VI. UNIVERSITY AFFILIATED RESEARCH CENTERS (UARCS)

The University Affiliated Research Centers (UARCs) are strategic DoD-established research organizations at
universities. The UARCs were formally established in May 1996 by DDR&E (currently ASDR&E), OSD in
order to advance DoD operations by pursuing leading-edge basic research and to maintain core competencies in
specific domains (unique to each UARC), for the benefit of DoD components and agencies. One DoD Service
or Agency is formally designated by ASDR&E to be the primary sponsor for each UARC. The primary sponsor
ensures the DoD UARC management policies and procedures are properly implemented. Collaborations among
UARGC: and the educational and research resources available at the associated universities can enhance each
UARC’s ability to meet the long-term goals of DoD.

ARO is the primary sponsor for two UARCs:

* The Institute for Soldier Nanotechnologies (ISN), located at the Massachusetts Institute of Technology
(MIT). The ISN is discussed further in CHAPTER 3: CHEMICAL SCIENCES DIVISION.

* The Institute for Collaborative Biotechnologies (ICB) located at the University of California, Santa
Barbara, with academic partners at MIT and the California Institute of Technology (Caltech). The ICB is
discussed further in CHAPTER 7: LIFE SCIENCES DIVISION.



VII. MINERVA RESEARCH INITIATIVE (MRI)

The Minerva Research Initiative (MRI) is a DoD-sponsored, university-based social science research program
initiated by the Secretary of Defense. It focuses on areas of strategic importance to U.S. national security policy.
It seeks to increase the intellectual capital in the social sciences and improve DoD’s ability to address future
challenges and build bridges between DoD and the social science community. Minerva brings together
universities, research institutions, and individual scholars and supports multidisciplinary and cross-institutional
projects addressing specific topic areas determined by DoD.

Minerva projects are funded up to a five-year base period with one five-year renewal option, with awards
ranging from small, single investigator grants for 2-3 years to large multidisciplinary projects for $1-2 million
per year for 5 years. The program is tri-service managed, with ARO managing projects dealing with the Baathist
regime in Iraq, vulnerability of political and social stability in Africa in the face of environment stressors, the
relation of the growth of science and technology with the defense transformation in China, and the effects of
energy issues on societies. ARO also provides managerial support to OSD for other parts of the program focused
on the defense universities.

VIII. SMALL BUSINESS INNOVATION RESEARCH (SBIR) AND SMALL BUSINESS
TECHNOLOGY TRANSFER (STTR) PROGRAMS

Congress established SBIR and STTR programs in 1982 and 1992, respectively, to provide small businesses and
research institutions with opportunities to participate in government-sponsored R&D. The DoD SBIR and STTR
programs are overseen and broadly administered by the Office of Small Business Programs within the Office of
the Under Secretary of Defense for Acquisition, Technology and Logistics. The Army-wide SBIR Program is
managed by RDECOM, while the Army-wide STTR Program is managed by ARO.

A. Purpose and Mission

The purpose of the SBIR and STTR programs is to (i) stimulate technological innovation, (ii) use small business
to meet Federal R&D needs, (iii) foster and encourage participation by socially and economically disadvantaged
small business concerns (SBCs) that are 51 percent owned and controlled by women, in technological
innovation, and (iv) increase private sector commercialization of innovations derived from Federal R&D,
thereby increasing competition, productivity, and economic growth. The STTR program has the additional
requirement that small companies must partner with an academic or other qualifying non-profit research
institutions to work collaboratively to develop and transition ideas from the laboratory to the marketplace.

B. Three-phase Process

The SBIR and STTR programs use a three-phase process, reflecting the high degree of technical risk involved in
funding research, and developing and commercializing cutting edge technologies. The basic parameters of this
three-phase process for both programs within the Army are shown in TABLE 1.



TABLE 1

Three-phase process of the SBIR and STTR programs. These programs employ a three-phase structure.
Phase | is an assessment of technical merit and feasibility, Phase Il is a larger R&D effort often resulting in a
deliverable prototype, and Phase Ill is a project derived from, extending, or logically concluding prior SBIR/STTR
work, generally to develop a viable product or service for military or commercial markets.

SBIR Contract Limits STTR Contract Limits

* 6 months, $70K — $150K max

Phase | * 4-month option (at Government’s * 6 months, $100K max
discretion), $50K max, to fund * No options
interim Phase II efforts

Phase ll * 2 years, $1 million max * 2 years, $750K
Ph " * No time or size limit * No time or size limit
ase * No SBIR set-aside funds * No STTR set-aside funds

1. Phase I. Phase I of the SBIR and STTR programs involves a feasibility study that determines the scientific,
technical, and commercial merit and feasibility of a concept. Each SBIR and STTR solicitation contains topics
seeking specific solutions to stated government needs. Phase I proposals must respond to a specific topic in the
solicitation, and proposals are competitively judged on the basis of scientific, technical, and commercial merit.
The Phase I evaluation and award process marks the entry point to the program and cannot be bypassed.

2. Phase II. Phase II represents a major research and development effort, culminating in a well-defined
deliverable prototype (i.e., a technology, product, or service). The Phase II selection process is also highly
competitive. Successful Phase I contractors are invited to submit Phase II proposals as there are no separate
Phase II solicitations. Typically 50% of Phase II proposals are selected for award. Phase II awards may also be
selected to receive additional funds as a fast track (Phase II-FT), Phase II Enhancement, or Commercialization
Pilot program (CPP).

3. Phase III. In Phase III, the small business or research institute is expected to obtain funding from the private
sector and/or non-SBIR/STTR government sources to develop products, production, services, R&D, or any
combination thereof into a viable product or service for sale in military or private sector markets.

C. Contract Awards

The Army receives Phase I and Phase II proposals in response to SBIR, STTR, CBD-SBIR and OSD-
SBIR/STTR topics that are published during specific solicitation periods throughout each fiscal year. Proposals
are evaluated against published evaluation criteria and selected for contract award. Contract awards in the SBIR
and STTR programs are made pending completion of successful negotiations with the small businesses and
availability of funds. The total funding for ARO-managed SBIR and STTR contracts awarded in FY11 and
funded by the Army, CBD, OSD and other sources with FY11 or FY 10 funding is shown in TABLE 2.



TABLE 2

Total Funding for ARO-managed SBIR and STTR contracts awarded in FY11. Total funding (FY11 and
FY10) for ARO-managed SBIR and STTR contracts, including Army, CBD, OSD, and other DoD funding
sources. Phase lll includes contracts deriving from, extending or completing ARO-managed Phase | or Phase Il
efforts, awarded at ARO and elsewhere within the DoD.

SBIR Contracts STTR Contracts

Phase | $2,704K $6,038K
Phase Il $4,936K $9,045K
Phase Il Enhancement $1,739K -
CPP $4,335K -
Phase Il $13,514K $99K
TOTAL $27,228K $15,182K

IX. HISTORICALLY BLACK COLLEGES AND UNIVERSITIES AND MINORITY INSTITUTIONS
(HBCU/MI) PROGRAMS

Programs for HBCU/MISs are a significant part of the ARO portfolio. Historically, total funding for the
HBCU/MI programs has collectively exceeded $38 million, but totaled approximately $57.2 million in FY'11,
including funding for programs that were programmed for FY 10 and were awarded in FY'11.

These programs are discussed in the following subsections, as is the ARO (Core) HBCU/MI Program, which is
part of ARO’s BAA.

A. ARO (Core) HBCU/MI Program

The ARO began its HBCU/MI program in 1980 with $0.5 million designed to encourage greater participation of
HBCUs and MIs in basic research. The initiative has continued and in recent years has been funded at $1.2
million annually. These funds are made available to the ARO scientific divisions as co-funding opportunities to
support HBCU/MI research proposals submitted under the ARO Core Program BAA. In FY11, the ARO
HBCU/MI program supported 18 grants and 4 conferences with a total value of approximately $2.1 million. The
HBCU/MI institutions funded under the ARO Core program were also afforded the opportunity to submit add-on
proposals to fund high school or undergraduate student research apprenticeships through HSAP/URAP. Seven
institutions were funded under HSAP/URAP in FY 11, totaling approximately $45K. Additional information
regarding HSAP/URAP can be found in Section XI: Youth Science Activities.

B. Partnership in Research Transition (PIRT) Program

The PIRT Program is established as the second phase of what was previously known as the Battlefield Capability
Enhancement Centers of Excellence (BCE). The program’s objective is to enhance the programs and capabilities
of a select number of high-interest scientific and engineering disciplines through Army-relevant, topic-focused,
near-transition-ready innovative research. Furthering ARL’s policy of advocating and supporting research at
HBCU s, and consistent with the stated mission of the White House Initiative on HBCUs, a secondary objective
of PIRT is “to strengthen the capacity of HBCUs to provide excellence in education” and to conduct research



critical to DoD national security functions. Funding for this program totals approximately $2.5 million per year.
A total of 22 research proposals were received from 12 HBCUs. Five awards were made during 2Q FY11.
Approximately $4 million (cumulative FY10 and FY11 funding) was awarded to support these selected Centers
of Excellence:

Center of Advanced Algorithms
Delaware State University, Dover, DE
Co-Cooperative Agreement Manager (Co-CAM): Dr. Dev Palmer, Engineering Sciences Directorate

Bayesian Imaging and Advanced Signal Processing for Landmine and IED Detection Using GPR
Howard University, Washington, DC
Co-CAM: Dr. Dev Palmer, Engineering Sciences Directorate

Extracting Social Meaning From Linguistic Structures in African Languages
Howard University, Washington, DC
Co-CAM: Dr. John Lavery, Information Sciences Directorate

Lower Atmospheric Research Using Lidar Remote Sensing
Hampton University, Hampton, VA
Co-CAM: Dr. Gorden Videen, Engineering Sciences Directorate

Nano to Continuum Multi-Scale Modeling Techniques and Analysis for Cementitious Materials Under
Dynamic Loading

North Carolina A&T State University, Greensboro, NC

Co-CAM: Dr. Joseph Myers, Information Sciences Directorate

C. DoD Research and Educational Program (REP) for HBCU/MI

ARO has administered programs on behalf of ASD(R&E) (formerly DDR&E) since 1992. During FY'10,
approximately $45 million was made available for new awards under the solicitation “Research and Educational
Program for Historically Black Colleges and Universities and Minority-Serving Institutions (HBCU/MI).” The
Research and Educational Program (REP) aims to: (i) enhance programs and capabilities in scientific and
engineering disciplines critical to the national security functions of the DoD, (ii) encourage greater participation
in DoD programs and activities, (iii) increase the number of graduates, including underrepresented minorities, in
the fields of science, technology, engineering and/or mathematics (STEM), and (iv) encourage research and
educational collaboration with other institutions of higher education directed toward advancing the state of the
art and increasing knowledge.

Under this program, qualifying institutions were able to submit proposals to compete for Centers of Excellence
(three focused on STEM education and three focused on STEM research) and approximately 25 basic research
grants. Proposals were received in late FY 10 and awards were made in 2Q FY11. Collectively, fifty-two grant
awards totaling approximately $45.7 million were made to 32 HBCUs; 19 HSIs and one other Minority
Institution. Six Centers of Excellence were awarded to:

DoD HBCU/MSI ED Center
University of Texas-Pan American, TX, Edinburg, TX
Co-Program Manager: Ms. Peggy Lacewell, Information Sciences Directorate

Central State University DoD Center of Excellence in STEM and STEM Education
Central State University, Wilberforce, OH
Co-Program Manager: Ms. Peggy Lacewell, Information Sciences Directorate

Jackson State University Center of Excellence in Science, Technology, Engineering, and Mathematics
Education

Jackson State University, Jackson, MS

Co-Program Manager: Ms. Peggy Lacewell, Information Sciences Directorate

The Center of Excellence in Infection Genomics
University of Texas — San Antonio, San Antonio, TX
Co-Program Manager: Dr. Micheline Strand , Physical Sciences Directorate



» Center of Excellence in Advanced Nanomaterials and Devices
Norfolk State University, Norfolk, VA
Co-Program Manager: Dr. Pani Varanasi, Engineering Sciences Directorate

» UPR-UGA Partnership for a Research Center for Excellence in Renewable Energy
University of Puerto Rico — Rio Piedras, Rio Piedras, PR
Co-Program Manager: Ms. Peggy Lacewell, Information Sciences Directorate

In 2Q FY11, Broad Agency Announcement WO11NF-11-R-0007 was issued for the FY11 DoD REP for
HBCU/MI. More than 160 proposals were determined to be eligible under the solicitation. It is anticipated that
awards totaling approximately $17 million will be made by 2Q FY12.

D. DoD Instrumentation Program for Tribal Colleges and Universities (TCUs)

As Congressional set-aside program for TCUSs, this instrumentation program aims to enhance science,
mathematics, and/or engineering education programs and/or research capabilities through the acquisition of
equipment and/or instrumentation that will augment existing facilities, enhance curricula, or help develop new
laboratories, programs and capabilities in these areas. This includes basic equipment for laboratory and
classroom use as well as sophisticated instruments and computers (including software) for advanced studies and
research important to DoD. Fifteen proposals were submitted in response to the solicitation published in 2Q
FY10. Thirteen were selected for awards totaling approximately $3.5 million. Awards were made in 1Q FY11.

E. Other DoD Programs

ARO was selected to administer the Congressionally-directed program “STEM Research and Veteran
Technology Workforce Development Initiatives” for an HBCU institution located in South Carolina. Funding
for this FY 10 statutory add totaled approximately $1.98 million and was awarded to Benedict College,
Columbia, SC in 3Q FY11.

In addition, the John H. Hopps Scholars Program at Morehouse College (funded in FY08) continued to serve
more than twenty scholars during FY11.

X. NATIONAL DEFENSE SCIENCE AND ENGINEERING GRADUATE (NDSEG)
FELLOWSHIP PROGRAM

The NDSEG Fellowship Program is an OSD-funded program administered by AFOSR, designed to increase the
number of U.S. citizens trained in disciplines of science and engineering important to defense goals. ARO
supports the NDSEG Fellowship Program along with ONR, AFOSR, and the DoD High Performance
Computing Modernization Program. NDSEG is a highly competitive fellowship awarded to U.S. citizens who
have demonstrated a special aptitude for advanced training in science and engineering, and who intend to pursue
a doctoral degree in one of fifteen scientific disciplines of interest to the military. NDSEG Fellowships last for
three years, and Fellows are provided full tuition and fees at any accredited university of choice, a monthly
stipend, and up to $1K/year in medical insurance.

With approximately $5 million available to the Army in FY'11, ARO selected 63 NDSEG Fellows from eleven
categories relevant to the Army fundamental research priorities. These awardees began their fellowships in the
fall of 2011. Each of ARO’s divisions reviewed the applications assigned to NDSEG topic categories within
their particular areas of expertise, and selected fellows whose doctoral research topics most closely align with the
Army’s missions and research needs. The number of Fellows chosen from each discipline was based on the
percentage of applicants who submitted topics in that category. The number of fellows chosen from each
scientific discipline for the FY11 NDSEG program is shown in TABLE 3.



TABLE 3

FY11 NDSEG fellows by discipline. The table displays the number of NDSEG Fellows chosen in FY11,
according to the eleven topic categories relevant to the designated Army research priorities.

Scientific Discipline NDSEG Fellows
P Selected in FY11
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XI. YOUTH SCIENCE ACTIVITIES

ARO Youth Science Programs are sponsored by the Army and have one purpose in common: to increase the
number of future adults with careers in science, technology, engineering, and mathematics. These programs
accomplish this through a variety of mechanisms, including: providing a work/study laboratory experience,
sponsoring tutorial classes during the summer, showcasing talented young high school scientists at symposia,
and student science fair support.

The Army’s programs for the youth of this nation collectively reach more than 100,000 high school students
throughout the United States, Puerto Rico, and DoD Schools of Europe and the Pacific. Students participating in
the programs during this past fiscal year were awarded more than $380K in college tuition scholarships,
students, teachers, and near-peer mentors were awarded more than $4 million in stipends for participation in
research programs, savings bonds totaling in excess of $30K, and expense-paid trips to international programs.

During the summer of FY11, 217 students served as interns and worked in university laboratories with selected
mentors though the High School Apprenticeship Program (HSAP), Undergraduate Research Apprentice Program
(URAP), and the Research and Engineering Apprenticeship Program (REAP). In FY11, 440 students engaged in
research experiences in military laboratories through the Science and Engineering Apprentice Program (SEAP)
and College Qualified Leaders (CQL) program, and 438 students participated in programs that offered
enrichment classes in engineering at universities through the UNITE program. Over 100 teams of fourth-eighth
grade students learned engineering and alternative energy concepts as they designed, built, and raced solar cars
through the Junior Solar Sprint (JSS) Northeastern Regional Championship. These programs are described
further in the following subsections.



A. Junior Science and Humanities Symposium (JSHS) Program

The JSHS Program promotes original research and experimentation in the sciences, engineering, and
mathematics at the high school level and publicly recognizes students for outstanding achievement. By
connecting talented students, their teachers, and research professionals at affiliated symposia and by rewarding
research excellence, JSHS aims to widen the pool of trained talent prepared to conduct R&D vital to our nation.
Forty-eight regional symposia are conducted throughout the U.S. and DoD schools in Europe and the Pacific.
Top student winners from each region are invited to attend the national symposium each year. Approximately
9,600 students participate in JSHS through submission of research papers in the regional and national symposia.

B. Research and Engineering Apprenticeship Program (REAP)

REAP is designed to offer high school students the opportunity to expand their background and understanding of
scientific research. While originally chartered as a program to identify and support under-represented students in
STEM, the program has been expanded to accept applications from all students seeking a first time experience in
research. This is accomplished by offering the student an internship during the summer months to participate in
a work/study atmosphere with a mentor in a laboratory setting. The experience serves to motivate the student
towards a career in STEM by providing a challenging science experience that is not readily available in high
school. In FY'11, 144 apprentices were placed at 53 hosting universities throughout the U.S.

C. UNITE Program

The UNITE Program is an aggressive and effective initiative that encourages and assists under-represented
students in preparing for entrance into engineering schools. High school students are provided the opportunity
during the summer months to participate in college-structured summer courses that provide hands on
applications, participation in lectures, problem solving as well as tours of laboratories and private and
governmental engineering facilities. The students are introduced to ways in which math and science are applied
to real-world situations and demonstrates how they are related to careers in engineering and technology. Nine
sites were funded in FY11 serving 438 students.

D. Army Awards Program (AAP)

The Army Awards Program provides Army sponsored special awards to students at regional, state, and the
International Science and Engineering Fair (ISEF). Each year, ROTC units, Recruiting Battalions, Army
Reservists, Army Corps of Engineers Personnel, and Army command/laboratory personnel serve as judges of
student projects at more than 275 science fair competitions held throughout the United States and Puerto Rico.
By participating in science fairs, the Army is able to encourage and stimulate talented students to consider
careers in science and technology while simultaneously exposing these students to Army R&D professionals.

E. Junior Solar Sprint (JSS) Program

The JSS Program provides 4™-8" grade students in the northeast an opportunity to learn engineering and
renewable energy concepts and apply them by building and racing solar cars. Students form teams in their local
communities, build solar cars with the help of trained mentors, and race them in local competitions. Top winners
from each local competition are invited to race in the Northeastern championship in Springfield, MA.

F