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perational Systems Devel oprent ;1- ;3-923 --------------------
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1999

APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE
RDT&E, Defense Wide/BA 1 In-House Laboratory Independent Research (ILIR)
PE 0601101D8Z
COST(In Millions) FY 1998 | FY 1999 | FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 Cost to Total Cost
Complete
Total Program Element (PE) 1.495 2.167 2.033 2.021 2.102 2.099 2.143 2.188 Continuing Continuing
Cost
ILIR/P503 1.495 2.167 2.033 2.021 2.102 2.099 2.143 2.188 Continuing Continuing

(U)
(U)

(8)] This program element supports basic medical research at the Uniformed Services University of the Health Sciences (USUHS) and
provides the only programmed research funds received by the University. This program facilitates the recruitment and retention of faculty, supports
state-of-the-art capabilities for training military medical students, and allows the collection of pilot data by the University’s faculty researchers.

Pilot data allow the faculty to secure research funds from non-DoD sources (est. $20-$25 million annually). Approximately 80 to 100 intramural
research projects (20-25 new starts) are awarded each year, on a peer-reviewed, competitive basis. Results from these studies contribute to the fund
of knowledge intended to enable technical approaches and investment strategies within Defense science and technology (S& T) programs.

V) The ILIR program at USUHS is designed to answer fundamental questions of importance to the military medical mission of the
Department of Defense in the areas of Combat Casualty Care (CCC), Infectious Diseases (I1D), Military Operational Medicine (MOM), and Nuclear,
Biological and Chemical (NBC) Medical Defense. The port folio of research projects will vary annually because this research is investigator-
initiated. Examples of typical research efforts are:
Combat Casualty Care: ischemiaand reperfusion injury, traumatic brain and peripheral nerve injury, cryopreservation and substitution of
blood components, endotoxic shock, inflammation and wound healing.

A. Mission Description and Budget |tem Justification

BRIEF DESCRIPTION OF ELEMENT

Infectious Diseases. immunology and molecular biology of bacterial, viral and parasitic disease threats to military operations. These threats
include E. coli and their shiga toxins, gonorrhea, streptococcus, hepatitis A, Venezuelan equine encephalitis (VEE), malaria, and bartonellosis.

Military Operational Medicine: military and medical training and readiness.

Nuclear, Biological and Chemical Defense: basic research questions concerning nerve agent intoxication and treatment.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) DATE
February 1999
APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE
RDT&E, Defense Wide/BA 1 In-House Laboratory Independent Research (ILIR)
PE 0601101D8Z
COST(In Millions) FY 1998 | FY 1999 | FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 Cost to Total Cost
Complete
Total Program Element (PE) 1.495 2.167 2.033 2.021 2.102 2.099 2.143 2.188 Continuing Continuing
Cost
ILIR/P503 1.495 2.167 2.033 2.021 2.102 2.099 2.143 2.188 Continuing Continuing

(U)
(U)
(U)

(8)] Combat Casualty Care: This program supported 24 projectsin Combat Casualty Care. The following are examples of the objectives of
afew highlighted protocols: a) Investigate the vascular effects of biochemicals that cause inflammation related to wounding and wound healing; b)
Continue the investigation of the role of endotoxin, the lipopolysaccharide outer membrane component of gram negative bacteria leading to
multiorgan failure, shock, and desth; c) Study the molecular events underlying muopioid receptor activation to develop better pain relief strategies;
d) Examine the effects of neurocytokines, biochemicals that are released upon nerve damage, in peripheral nerve and brain injury; €) Investigate
healing mechanisms following ischemia-reperfusion injury; f) develop a blood test for diagnosing malignant hyperthermia susceptibility for use on
the battlefield. ($ 0.519 Million)

Project Number and Title: PS03 ILIR

PROGRAM ACCOMPLISHMENTSAND PLANS

FY 1998 Accomplishments:

(8)] I nfectious Diseases. Twenty-six projects addressing basic research questions in Infectious Diseases were funded for FY1998. Highlights
from the plans of these projectsinclude: a) Continue the investigation of Venezuelan equine encephalitis (VEE) by examining the role of
macrophages and cytokines in the early immune response and development of inflammation of the central nervous system; b) Continue to
investigate how environmental regulation of gonoccocal gene expression plays a critical role in the pathogenesis of the sexually transmitted disease
N. gonorrhoeae; c) Develop a small anima model to determine the molecular mechanisms and regulation of Salmonella typhi invasion of epithelial
cells; d) Determine the chronic infection rate, disease burden, risk factors within a population endemic for B. Bacilliformis (Batonellosis); €) Study
the gene regulation of the shiga-like toxins coming from enterohemorrhagic Escherichia coli; f) Continue data collection for the comparison of two
inactivated hepatitis A vaccines for their cross-immunogenicity and efficacy.

($0.572 Million)
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V) Military Operational Medicine: FY 1998 funds supported 23 projects in Military Operational Medicine. Goals of afew representative
proposals are as follows. a) Investigate psychobiological dysfunction (PTSD symptomology) resulting from exposure to combat-like trauma; b)
Understand how stress-induced changes in glucocorticoid hormones suppress the immune response; ¢) Continue to investigate the training practices
impacting exertional heat illnessin Marine Corps basic training, as well as to study how immune function is affected by exercise; d) Attempt to
determine the relationship of health outcomes and job performance to substance use in the military; €) Delineate the gene transcription mechanisms
underlying neural enhancement of cognitive function and soldier performance; f) Continue work to understand chronobiotic role of extra-retinal light
reception in the control of the physiologic circadian rhythm.  ($ 0.264 Million)

(8)] Nuclear, Biological and Chemical Medical Defense: There were six projectsin progressin FY 1998 in the NBC area. Representative
research effortsin thisareaare: a) Characterize the breakdown of 1,4-benzodiazepines, such as valium, used as an antidote to central nervous
system effects of nerve agent poisoning; b) Study the pattern of sensory input to the frontal cortex for treatment of head injury; c) Study the DNA
structure and repair mechanisms of the organism Deinococcus radiodurans to understand the mechanism of its extraordinary resistance to radiation;
d) Study the functional deficits induced by neocortical cholinergic depletion and the potential restoration of function by administration of nerve
growth factor. ($0.14 Million)

(L) FY 1999 Plans:

(8)] Combat Casualty Care: The objective of this program isto provide support for a significant number of new and continuing projectsin
Combat Casualty Care from FY 1998. The program is continuing to investigate various aspects of wounding and wound healing and the roles that
inflammatory mediators play in these processes. Projects to elucidate cellular and molecular mechanisms in endotoxic shock and its treatment
continue to be an important area of research. Another major thrust area is peripheral nerve injury and traumatic brain injury with the use of animal
models and nerve cellsin culture. Included in this program is the investigation of low power laser therapy to decrease programmed cell death when
motor nerves are severed. ($ 0.82 Million)

(V) Infectious Diseases: This broad area continues to be one of emphasis within the USUHS; approximately 30 protocols are supported in
this area. Militarily relevant bacterial threat agents such as E. coli and its toxins, gonococcus, and streptococcus garner significant available
resources. Mobilization of macrophages and antibody production continues to be studied within the context of Venezuelan equine encephalitis. The
initiative to study typhoid fever with the development of an anima model continues. Research continues the study of bartonellosisin Peru by
examining the vector and the animal reservoir, and by performing studies of the epidemiology of this parasitic disease. The study of the comparison
of two inactivated hepatitis A vaccines should be brought to completion with the final results influencing the decision for vaccination of military
personnel. ($0.739 Million)
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(8)] Military Operational Medicine: FY 1999 funds are supporting research in training and military readiness as a critical areawithin
Military Operational Medicine. Training practices and their effects on exertional heat illness of Marine Corps basic training recruits continue to be
examined, as well as the study of the effects of exercise and exertion on the immune system. Studies to determine the effects of stress and nicotine
intake and dysfunctional eating habits also continue. New work to delineate neural mechanisms underlying post-traumatic stress disorder (PTSD) is
being initiated. Other studies addressing different aspects of military training and readiness are anticipated. ($ 0.391 Million)

(8)] Nuclear, Biological and Chemical Medical Defense: Multiple basic research projectsin this threat area are being supported. Anaysis
of the chemical breakdown of different isomers of 1,4 benzodiazepines, such as Valium, and other chiral drugs used as antidote to central nervous
system effects of nerve agent poisoning, continue. Study of the pattern of sensory input to the frontal cortex is being supported. The organism that
exhibits extraordinary resistance to ionizing radiation, Deinococcus radiodurans, is being examined to better understand what givesit this unique
ability. A study isbeing initiated to study the role of mitochondrial membrane proteins in agent-induced cell death.($ 0.217 Million)

(U) FY 2000 Plans:

(U) Effortswill continue in al the major research areas (CCC, ID, MOM, and NBC) for FY2000. Specific projects compete for
funding each year, therefore, detailed description of the research isimpossible at thistime. ($ 2.033 Million)

(U) FY 2001 Plans:

(U) Effortswill continue in al the major research areas (CCC, ID, MOM, and NBC) for FY2001. Specific projects compete for
funding each year, therefore, detailed description of the research isimpossible at thistime. ($ 2.021 Million)
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(8)] B. Program Change Summary FY 1998 FY1999 FY 2000 FY 2001 Total Cost
Previous Presidents Budget 1513 2173 2.068 2.057 Continuing
Appropriated Value 1.569 0 0 0 Continuing

Adjustments to Appropriated Value

a. Congressionally Directed Undistributed -0.074 -0.006

Reduction

b. Rescission/Below-threshold Reprogramming, 0 0 -0.035 -0.036

Inflation Adjustment

c. Other 0 0

Current Presidents Budget 1.495 2.167 2.033 2.021 Continuing
Change Summary Explanation: Funding changes are due to congressional undistributed reductions and inflation adjustments.
(8)] Funding: N/A

(L) Schedule  N/A

(L) Technical:  N/A

V) C. OTHER PROGRAM FUNDING SUMMARY COST: N/A
) D. ACQUISITION STRATEGY: N/A
V) E. SCHEDULE PROFILE: N/A
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DATE
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APPROPRIATION/BUDGET ACTIVITY
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R-1ITEM NOMENCLATURE
UNIVERSITY RESEARCH INITIATIVE

PE 0601103D8Z

FY1998 | FY1999 | FY2000 | FY2001 | FY2002 | FY2003 | FY2004 | FY2005 Costo  |Tota Cost
COST (In Millions) Complete
Total Program Element (PE) Cost | 214.600 | 228415 | 216.778 | 210.332 | 214.436 | 237.414 | 242391 | 247.490  |Continuing [Continuing
URI/P103 196.601 | 209.201 | 206.778 | 200.332 | 204.436 | 227.414 | 232391 | 237.490 | Continuing |Continuing
DEPSCoR/P104 17.999 | 19214 | 10000 | 10000 | 10000 | 10000 | 10.000 10.000 | Continuing |Continuing
(8)] A. Mission Description and Budget |tem Justification
() BRIEF DESCRIPTION OF ELEMENT:
(9)] P103, University Research Initiative (URI). The URI has three primary objectives. (1) to support basic research in awide range of scientific and

engineering disciplines pertinent to maintaining our military technology superiority; (2) to contribute to the education of scientists and engineersin disciplines critical
to defense needs; and (3) to help build and maintain the infrastructure needed to improve the quality of defense research performed at universities. Paralleling these
objectives, this project, in conjunction with the other project within this program element, competitively supports programs at universities nationwide in three

interrelated categories:

Research. The main thrust of the URI is multidisciplinary research program of the University Research Initiative (MURI). MURI effortsinvolve
teams of researchersinvestigating high-priority topics that intersect more than one traditional technical discipline; for many complex problems, this
multidisciplinary approach serves to accelerate research progress and expedite transition of results to application. In addition, the URI supports the
Presidential Early Career Awards for Scientists and Engineers (PECASE), single-investigator research efforts performed by outstanding scientists and

engineers early in their independent research careers.

UNCLASSIFIED




UNCLASSIFIED

I DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999

R-1ITEM NOMENCLATURE
UNIVERSITY RESEARCH INITIATIVE

PE 0601103D8Z

APPROPRIATION/BUDGET ACTIVITY
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Education. The URI promotes graduate education in science and engineering for U.S. citizens through the National Defense Science and Engineering
Graduate Fellowship Program. Through FY 1998, the URI also supported the Augmentation Awards for Science and Engineering Research Training
(AASERT) program, which awarded research traineeships for graduate students and also supported laboratory experiences for undergraduate students
on defense research projects.

Infrastructure. URI support for the development of research infrastructure responsive to defense needs includes three programs. The Defense
University Research Instrumentation Program (DURIP) allows researchers to purchase more costly items of research equipment than typically can be
acquired under single-investigator awards. The URI Support Program (URISP) broadens the base of academic institutions participating in defense
research by involving ingtitutions that historically have not received much defense funding. The third program is the Defense Experimental Program to
Stimulate Competitive Research in project P104.

) P 104, Defense Experimental Program to Stimulate Competitive Research (DEPSCoR). The DEPSCoR further helps to build national infrastructure for
research and education in defense-critical fields by involving institutions of higher education in states that historically have not received much Federal research
funding. It isexecuted in coordination with state committees formed for the National Science Foundation's Experimental Program to Stimulate Competitive
Research.
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(U)
(U)
(V)

PROGRAM ACCOMPLISHMENTSAND PLANS:

FY 1998 Accomplishments:

Programmatic accomplishments:

Research. A MURI competition conducted by the Services resulted in 17 new starts in high-priority areas of multi-Service interest related to four Strategic
Research Objectivesidentified in the DoD's corporate Basic Research Plan: nanoscience, biomimetics, compact power sources, and mobile wireless
communications. Fundamental advances in these areas will enable the development of new technologies applicable to a broad range of future military systems.
The multidisciplinary nature of these areas, and their multi-Service relevance, make them ideally suited for inclusion under the multidisciplinary e ement of the
URI. In addition to the new MURI efforts, multidisciplinary and PECASE programs begun in prior years continued, with new competitive awards for
PECASE programs. ($ 117.660 Million)

Education. Under the National Defense Science and Engineering Graduate Fellowship program, 96 new graduate fellowships were competitively awarded for
study leading to advanced degrees in science and engineering fields of importance to national defense. The FY 1998 competition for the AASERT program led
to the award of research traineeships for more than 125 graduate students and support for the involvement of more than 50 undergraduate students in defense
research. ($ 29.003 Million)

Infrastructure. More than 230 new awards were made under the FY 1998 DURIP competition, enabling the purchase of research instrumentation needed to
sustain universities' capabilities to perform cutting-edge defense research. Under the URI Support Program, efforts initiated in prior years continued in areas
such as electronic and magnetic materials, image analysis, micromanufacturing, and neurodynamics. The FY 1998 competition under the DEPSCoR program
resulted in 72 new awards. ($67.937 Million)
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V) Selected technical accomplishments:

Researchers at the Georgia Institute of Technology, Northwestern University, and University of Minnesota at Minneapolis used a new method to demonstrate
the feasibility of using ultrasonic guided waves to detect the initiation of flaws and other potential failure sitesin annular structures, such as those in helicopter
rotor hubs. The method includes a theoretical model for the propagation of ultrasonic waves of multiple frequencies traveling at different velocities through a
complex structure, and a transfer function to interpret the effects of cracks or other flaws on the acoustic waveform when a structure is subjected to such
waves. The new method has multiple advantages over existing x-ray, destructive-testing, and pulse-echo methods for detecting cracks in annular structures: it
is less expensive and faster than any of the them; it does not require removing and replacing suspected parts, as do x-ray and destructive-testing methods; and it
probes the entire path through the structure, unlike the pulse-echo methods that rely on reflection of transmitted pulses from cracks or other flaws. The use of
the new method will increase understanding of deterioration mechanisms in materials and structures, and should enable development of technologies for
detecting and predicting microcracks and fractures in real-time. These advances underpin early detection of structural flaws to prevent catastrophic failuresin
ships, aircraft, and other defense systems (e.g., due to metal fatigue and wearout in rotating machineries, such as high-cycle fatigue in jet aircraft).

Scientists at Tufts University, Pennsylvania State University, and Columbia developed a biomimetic "nose" to detect volatile organic chemical compounds at
vapor-phase concentrations of tens of parts per billion, more than ten times as sensitive as previous man-made "noses’ and approaching the sengitivity of canine
noses. It aso has dramatically improved signal-to-noise ratios of man-made devices. The "nose" is biologicaly inspired in that it mimics olfactory systems of
dogs and other vertebratesin two new and important ways. First, it detects the organic compounds using ensembles of different receptors distributed randomly
on a surface, mimicking the olfactory epithelium in an animal's nose. The receptors are polymer microspheres impregnated with various fluorophors that
fluoresce in the presence of different, specific compounds. A fiber-optic bundle images the detecting surface on a charged-coupled device; the spatial pattern of
the fluorescence and its temporal duration vary with the compound being detected, due to the different spatial distribution and temporal response of the
receptors for that compound. The second way in which this "nose" mimics animal olfactory functionsisin the data processing for detecting, classifying, and
guantifying the compounds; it uses computational neural networks that "learn” the spatial and tempora pattern of the response for each chemical using
algorithms that are based on those that animal brains use to process olfactory data. The new "nose" can detect single compounds or mixtures of various
compounds. It isamajor advance in detection and identification of minute traces of biochemical compounds and has great potential for application in
unexploded ordnance detection, chemical and biological warfare defense, and other areas important to protecting warfighters on land and sea.
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A team at the University of Illinois and the University of Texas at Austin made three significant advances in the area of predicting radar scattering from
complex surfaces. Firgt, they extended the new Fast Multipole method to numerically solve equations of electromagnetic wave propagation and computein a
day the scattering of 3-gigaherz radar from the Northrup/McDonnell-Douglas Y F-23 (using a computer-assisted design file for the plane); thisis a major
advance over earlier methods, when solving a complex problem like this one, with two million unknowns, would have taken months and been plagued with
errors. Second, they found a quicker way to compute scattering from nearly planar surfaces, which includes important cases such as optical gratings,
scattering from very corrugated surfaces with high spatial frequencies (such as vegetation and other ground clutter), and microstrips on ground planes; for this
class of scatterers, the researchers discovered a clever way to represent the problem using an integral that can be evaluated by an even faster algorithm than the
standard Fast Multipole method. Third, the team devised a new Plane-Wave/Time-Domain (PWTD) algorithm that can quickly compute scattering involving
wider frequency ranges, such as scattering of wideband radars. The PWTD calculation in the time and space domains can handle those problems,
complementing the Fast Multipole method's Fourier transforms into the frequency domain that cannot do so. Like the Fast Multipole method, the PWTD
method uses surface integral s that have major advantages over earlier methods that use volume integrals; it is faster and does not introduce the grid induced
dispersion and numerical artifacts produced by the other methods. The team has extensive contacts with industry and government offices that will use the
greater power and fidelity of the new methods to design low-observable platforms and target recognition systems for the DaoD.

Researchers at Carnegie Mellon University developed a process to make nanocrystalline phases of iron-cobalt (FeCo) and demonstrated that the materias have
excellent soft magnetic properties that persist at higher temperatures needed for military platform applications. Soft magnetic materials are used in
alternating-current devices, such as rotors of electric generators, because they can be easily magnetized and demagnetized in the presence of oscillating, applied
magnetic fields and have correspondingly lower power losses due to hysteresis effects in those oscillating fields. The military services need soft magnetic
materials as they move toward air, land, and sea platforms with more electric systems to replace fluid-cooling and hydraulic systems that require a great deal of
maintenance and are a major cause of breakdowns. The new iron-cobalt materials are nanocrystalline, so they have soft magnetic properties that are superior
to those of asingle crystal or amorphous material; most importantly low power losses. The new materials exhibit those superior properties at higher
temperatures than previous nanocrystalline soft magnets; they do so up to a Curie temperature of 970 degrees Celsius, 200 degrees higher than the Curie
temperature for previous materials and high enough for applications in aircraft engines operating at 600 degrees Celsius with the needed safety margin. They
also exhibit the properties at much higher magnetic fields, up to 2.1 Teda, than earlier nanocrystalline magnetic materials, with the higher fields, generators
made from the materials have higher efficiency. Thus, the new materials have good potential for application in electric systems to help increase efficiency and
reduce weight, cost, and need for maintenance in aircraft engines and other subsystems for military platforms. The university researchers collaborations with
industry and national and DoD laboratories will promote transition of the research findings to potentia applications.
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Scientists at Clemson University, North Carolina State University, and the University of Michigan developed unique measuring and modeling capabilities and
used them to begin to understand the physical mechanisms affecting quasi-optical power generation by arrays of discrete solid-state sources at frequencies of
10-100 Gigaherz. Vacuum tubes traditionally have been used to get the multiwatt powers at higher frequencies that are required for missile seekers and
military communications applications, but there is interest in using solid-state devices because they are cheaper, smaller, and more reliable. The problem is that
a single solid-state source produces only 0.1-0.2 watts at the higher frequencies of interest. Using networks with transmission lines to combine outputs of
single sources in a brute force way works for 10 sources, but begins to drop off in efficiency for greater numbers of sources due to the complexity of the
combining networks. Attempts to get the higher powers by quasi-optically combining the electromagnetic outputs of arrays of 36-100 sources, rather than
using metal connections, have yielded total power much lower than the sum of the powers of the single devices. To try to understand the problem with these
guasi-optical methods, the researchers developed the first instrument that measures the el ectromagnetic field amplitude and phase in three dimensions near these
solid-state arrays with minimal disturbance of the field. They also developed a unique model to simulate the electromagnetic field inside and outside the array,
aswell as temperature and nonlinear device effects inside the solid-state material. What they found, which is entirely new and unexpected, is that fields emitted
by some sources within an array can be out of phase with those emitted by other sources, causing destructive interference in the el ectromagnetic field;
essentialy, power emitted by the former sources is being dissipated by the latter sources due to the phase mismatch. The understanding that the researchers are
gaining of the fundamental physics should enable the control and eimination of the interference effects, which will improve output powers of high-frequency,
solid-state arrays by factors of ten or more to the multiwatt levels needed for military applications.
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L) FY 1999 Plans:

Research. Topicsfor new MURI starts were selected in high-priority research areas such as solid-state electronics (radiation hardening, vacuum electronics,
and nanolithography), detection of chemical and biologica agents (high selectivity and stochastic sensing mechanisms), computational neuroscience for learning
and human/machine interactions, novel materials (tunable electronic polymers, adaptive infrared response materials, computational design), propulsion (pulsed
detonation phenomena), ionospheric characterization (global specification and forecasting), and information processing (nonclassical representation and
manipulation). The results of that MURI competition should be announced in early 1999. Multidisciplinary and PECASE programs begun in prior years are
continuing, with new competitive awards under the PECASE program. ($137.183 Million)

Education. A FY 1999 competition is being conducted to award approximately 200 graduate fellowships under the National Defense Science and Engineering
Graduate Fellowship Program, as the separate AASERT program of graduate research traineeships is discontinued. ($23.412 Million)

Infrastructure. The FY 1999 competition under the DURIP program resulted in 233 awards for research equipment needed to perform cutting-edge defense
research. Sixty-seven new awards were made under the DEPSCoR program. Efforts begun in prior years under the URI Support Program will continue.
($67.820 Million)

(L) FY 2000 Plans:
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Research. Topicsfor new MURI starts will be selected in high-priority research areas such as novel materials; devices and structures concepts; information
science, including data fusion, distributed computing, quantum computing and quantum memory; biomolecular science and engineering; advanced,
ultrawide-bandwidth communications; e ectronic/electro-optical devices; and compact power systems. Multidisciplinary and PECASE programs begun in
prior years will continue, with new competitive awards under the PECA SE program. ($133.486 Million)

Education. A FY 2000 competition will be conducted to award approximately 200 graduate fellowships under the National Defense Science and Engineering
Graduate Fellowship Program. ($23.117 Million)

Infrastructure. FY 2000 competitions will be conducted for new awards under the DEPSCoR and DURIP programs. Efforts begun in prior years under the
URI Support Program will continue. ($60.175 Million)
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(V) FY2001 Plans:

Research. Topicsfor new MURI starts will be selected in high-priority research areas such as fields underlying the understanding of harsh battlespace
environments for military personnel and systems, life extension and life assurance for materials and structures, the physical and mathematical bases of

information science, modeling and simulation, and education and training to improve human performance under extreme stress.  Multidisciplinary and
PECASE programs begun in prior years will continue, with new competitive awards under the PECA SE program. ($130.094 Million)

Education. A FY 2001 competition will be conducted to award approximately 200 graduate fellowships under the National Defense Science and Engineering
Graduate Fellowship Program. ($21.449 Million)

Infrastructure. FY 2001 competitions will be conducted for new awards under the DEPSCoR and DURIP programs. Efforts begun in prior years under the
URI Support Program will be completed. ($58.789 Million)
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(8)] B. Program Change Summary FY 1998 FY1999 FY 2000 FY 2001 Total Cost
Previous President's Budget 222.628 216.320 220.522 214.219 Continuing
Appropriated Value 230.788 229.420 Continuing
Adjustments to Appropriated Value
a. Congressionally Directed undistributed reduction (13.714) (1.005)
b. Rescission/Below-threshold Reprogramming, (2.474) (3.744) (3.887)
Inflation Adjustment
c. Other Continuing
Current President's Budget 214.600 228.415 216.778 210.332 Continuing
Change Summary Explanation:
(8)] Funding: Funding changes due to inflation program adjustments.

(U)
(U)
(U)

(U)

Schedule: Not Applicable
Technical: Not Applicable

C. Other Program Funding Summary Cost  Not Applicable

D. Acquisition Strategy: Not Applicable

E. Schedule Profile  Not Applicable
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COST(In Millions) FY 1998 | FY 1999 | FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 Cost to Total Cost
Complete
Total Program Element (PE) 0 23.674 19.185 19.098 18.988 0 0 0 Continuing Continuing
Cost
Gulf War IlInesses 0 23.674 19.185 19.098 18.988 0 0 0 Continuing Continuing
Research/P105

(U)

A. Mission Description and Budget |tem Justification

(U)

BRIEF DESCRIPTION OF ELEMENT

)

This program of Gulf War llInesses (GWI)-related research addresses topics relevant to identifying the etiology and treatment

of GWI, increasing our understanding of issues pertinent to Force Health Protection, and enhancing the protection of Service members
against deployment-related health threats in future deployments. This program is conducted in coordination with the Research Working
Group of the Persian Gulf Veterans Coordinating Board.
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COST(In Millions) FY 1998 | FY 1999 | FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 Cost to Total Cost
Complete
Total Program Element (PE) 0 23.674 19.185 19.098 18.988 0 0 0 Continuing Continuing
Cost
Gulf War I1Inesses 0 23.674 19.185 19.098 18.988 0 0 0 Continuing Continuing
Research/P105
(8)] Project Number and Title: P105 Gulf War IlInesses Resear ch
V) PROGRAM ACCOMPLISHMENTSAND PLANS
(8)] FY 1998 Accomplishments:
V) None reported under this program element. Thiswas a new program element beginning in FY1999. ($ 0 Million)
V) FY 1999 Plans.
V) Competitively fund projects directed to multidisciplinary research to elucidate neurobiology of stress, connecting

psychosocial, psychophysiological, and somatic/physiological outcomes in models of nonspecific and undiagnosed symptoms typical
of ill Gulf War veterans.($ 3 Million)

(V)

Competitively fund projects which advance deployment toxicology bioassay and biosentinel-based detection and exposure

assessment methods, particularly strategies to assess neurotoxic health hazards ($ 3 Million)

(V)

Competitively fund projects that explore and establish fundamentally important interactions of medical materiel and

operational environments such as stress effects on access to the brain by prophylactic drugs, radiofrequency radiation-enhanced toxicity
of drugs, stress effects and interactions of multiple vaccines on vaccine effectiveness
($ 3 Million)

UNCLASSIFIED



UNCLASSIFIED

N e DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999

APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE
RDT&E/Defense Wide/BA 1 Gulf War IlInesses Research
PE 0601105D8Z

V) Competitively fund epidemiological studies to develop and evaluate effectiveness of health assessment and health care
delivery pre-, during, and post-deployment, advancing Force Health Protection surveillance strategies in future deployments. ($ 3
Million)

V) Conduct 2-year Medical Follow-up Agency (Institute of Medicine) study of prewar healthcare-seeking behaviors of Gulf War
veterans and their subsequent health outcomes.
($ 0.5 Million)

(V) Conduct 2-year Medical Follow-up Agency (Institute of Medicine) study of Aberdeen personnel previously exposed to low
level chemical agents. ($ 0.5 Million)

(V) Develop Leishmania vaccine and demonstrate feasibility of reliable serological diagnostic testsin afour year program
conducted by Army and Navy infectious disease research laboratories Devel op Leishmania vaccine and demonstrate feasibility of
reliable serological diagnostic testsin afour year program conducted by Army and Navy infectious disease research laboratories.($ 1.5
Million)

V) Conduct an expanded epidemiological research effort at the Naval Health Research Center involving deployment health
assessments. ($ 1.5 Million)

(V) Conduct Congressionally-mandated study of difficult to diagnose conditions such as fibromyalgia, chronic fatigue syndrome,
and multiple chemical sensitivities, using advanced neuroscience methods,
($ 3.15 Million)

(V) Study DOD and VA Gulf War registry participants in unique opportunity to address hypothesis-driven epidemiological
research on deployment health risk factors. ($ 1 Million)

V) Program management, contract servicing costs, and supplemental funding to previously funded GWI research studies.
($ 3.524 Million)
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(L) FY 2000 Plans:

V) Continue projects in neurobiology of stress, deployment toxicology methods, operational interactions of medical materiel, and
force health protection epidemiology, and competitively fund new projects to address issues raised by emerging finding from existing
research and other discoveries. ($ 12 Million)

V) Conduct 2-year Medical Follow-up Agency (Institute of Medicine) study of prewar healthcare-seeking behaviors of Gulf War
veterans and their subsequent health outcomes. ($ 0.5 Million)

(V) Conduct 2-year Medical Follow-up Agency (Institute of Medicine) study of Aberdeen personnel previously exposed to low
level chemical agents. ($0.5 Million)

(V) Develop Leishmania vaccine and demonstrate feasibility of reliable serological diagnostic testsin afour year program
conducted by Army and Navy infectious disease research laboratories. ($ 1.5 Million)

V) Conduct an expanded epidemiological research effort at the Naval Health Research Center involving deployment health
assessments ($ 1.5 Million)

(V) Program management, contract servicing costs, and supplemental funding to previously funded GWI research studies.($ 3.185
Million)

(U) FY 2001 Plans:

V) Continue projects in neurobiology of stress, deployment toxicology methods, operational interactions of medical materiel, and

force health protection epidemiology, and competitively fund new projects to address issues raised by emerging finding from existing
research and other discoveries. ($ 12 Million)
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V) Conduct 2-year Medical Follow-up Agency (Institute of Medicine) study of prewar healthcare-seeking behaviors of Gulf War
veterans and their subsequent health outcomes. ($ 0.5 Million)

(V) Conduct 2-year Medical Follow-up Agency (Institute of Medicine) study of Aberdeen personnel previously exposed to low
level chemical agents. ($ 0.5 Million)

(V) Develop Leishmania vaccine and demonstrate feasibility of reliable serological diagnostic testsin afour year program
conducted by Army and Navy infectious disease research laboratories. ($ 1.5 Million)

V) Conduct an expanded epidemiological research effort at the Naval Health Research Center involving deployment health
assessments.($ 1.5 Million)

V) Program management, contract servicing costs, and supplemental funding to previously funded GWI research studies.
($3.098 Million)
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(8)] B. Program Change Summary FY 1998 FY1999 FY 2000 FY 2001 Total Cost
Previous Presidents Budget 0 19.646 19.515 19.443 Continuing
Appropriated Value 0 23.796 0 0 Continuing
Adjustments to Appropriated Value
a. Congressionally Directed Undistributed 0 -0.122
Reduction
b. Rescission/Below-threshold Reprogramming, 0 0 -0.330 -0.345
Inflation Adjustment
c. Other 0 0 0 0
Current Presidents Budget 0 23.674 19.185 19.098 Continuing
Change Summary Explanation: Funding changes are due to congressional undistributed reductions and inflation adjustments.
(8)] Funding: FY 1999 establishes a separate PE for Gulf War IlIness Research.

(L) Schedule  N/A

(8)] Technical: FY 1999 establishes a separate PE for Gulf War IlIness Research.

V) C. OTHER PROGRAM FUNDING SUMMARY COST:

) D. ACQUISITION STRATEGY: N/A

V) E. SCHEDULE PROFILE: N/A

N/A
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COST(In Millions) FY 1998 | FY 1999 | FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 Cost to Total Cost
Complete

Total Program Element (PE) 6.942 4.801 6.351 6.762 6.891 7.011 7.226 7.345 Continuing Continuing

Cost

GICUR/P111 6.942 4.801 6.351 6.762 6.891 7.011 7.226 7.345 Continuing Continuing
(8)] A. Mission Description and Budget Item Justification
V) BRIEF DESCRIPTION OF ELEMENT
(8)] A shared commitment between industry and Government continues to be created via the Government/Industry Co-sponsorship of

University Research (GICUR) program. It will capitalize on university based research, education and training in technologies of strategic
importance to national defense and also to industry. It provides an emphasis on ground-breaking research with along-term horizon, and education
and training in selected research areas which are vital to advancement of technologies The commitment is ajointly formed pool of funding and a
shared management structure for sponsoring this sort of long term basic research at universities. Thiswill provide the military with leading-edge
technologies as well as reducing vulnerabilities of industries involved, increase long-term technical growth in the se areas, infuse new ideas and
approaches, all of which are important for national security. Industry and government share responsibility for research focus area selection and
overall direction. This program will also employ advances in information technologies and telecommunications to provide extensive connectivity
among the partners and research performers from the outset. Thus, strengths of individual investigators can be effectively linked, taking advantage
of geographically disbursed nation al re sources. Mechanisms will be established for personnel exchange and interactions to provide for continuing
education of highly qualified researchers already working in leading edge and emerging S& T. One program area implemented is on Complex
Adaptive Networks. It meets the program criteriaand is vital to DoD needs. The high priority thrust in this area is providing powerful mathematical
and computer modeling methods to steer technology such that cascading effects and rapid, catastrophic failure of networks (e.g., battlefield
communications, electrically powered ships, multisensor surveillance/ integration) are avoided. The results are of extreme importance for the Critical
Infrastructures Protection national need. The second area implemented emphasizes basic concepts for DoD needs in high frequency applications
such as radars, millimeter/microwave communications and radiometry, with special attention to devices fabricated from compound semiconductors,
such as gal liumarsenide. This thrust is unique to DoD. The thrust is by no means limited to silicon-based CMOS (complementary metal oxide
silicon) digital topics. Research here is aimed at breakthroughs to enable rapid, correct, verifiable, implementable designs of complex circuits .
Interconnect research will include causes of delays and performance limits as features become smaller (for higher speed). Higher conductivity
metals and very low dielectric constant materials will be investigated, as will non-conventional, innovative fabrication processes beyond present
vision. These areas require truly innovative research.
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(8)] Within government, DoD has taken the lead in establishing GICUR efforts on these topics. An additional effort will now be directed at
another area: Structures and Smart Materials for Reliability Advances Thiswill be co-sponsored by industry in GICUR programs.
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COST(In Millions) FY 1998 | FY 1999 | FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 Cost to Total Cost
Complete

Total Program Element (PE) 6.942 4.801 6.351 6.762 6.891 7.011 7.226 7.345 Continuing Continuing

Cost

GICUR/P111 6.942 4.801 6.351 6.762 6.891 7.011 7.226 7.345 Continuing Continuing

(U)
(U)
(U)

V) Implemented complex adaptive networks program covered under new MOA between e ectric power industry and DoD, and
design/interconnect research program for complex circuits covered under another MOA between industry and DoD. Finalized goals and
management structure for both GICUR program, with emphasis on interactions between DoD and industrial consortia sponsors. Jointly
chose the first subareas for research and determined selection criteriafor proposals. Establish multi-university, multi-investigator
programs for the focus topics. ($ 6.942 Million)

Project Number and Title: P111 GICUR

PROGRAM ACCOMPLISHMENTSAND PLANS

FY 1998 Accomplishments:

(U)

V) Evaluate operations of first industry-driven consortia, the research programs supported and set further directions. Plan for a
new thrust in smart structures and smart materials for reliability advances suitable for university-performed consortium-teamed
research. Identify organizations, industry groups, existing consortia, other government agencies, etc. interested in the GICUR concept
for further program development. The program in this field will be implemented. Management structure is to be finalized with
emphasis on multiservice needs and opportunities being addressed. ($ 4.801 Million)

FY 1999 Plans.
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(L) FY 2000 Plans:

V) Research in long range aspects of the three areas included in GICUR will continue. For complex adaptive networks,
mathematical and computer modeling methods developed will be tested against real world data and situations. For complex circuits,
advance design concepts and interconnect schemes will be expressed in prototype devices. For smart structures and smart materials,
opportunities will be identified to take concepts and methods achieved and use them in environments which could provide indicators for
reliability advances. ($6.351 Million)

(L) FY 2001 Plans:

V) Theoretical and experimental achievements will be fully documented to-date. Research will continue along lines both needs
and opportunity driven, dependent upon success to date. ($ 6.762 Million)
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(8)] B. Program Change Summary FY 1998 FY1999 FY 2000 FY 2001 Total Cost
Previous Presidents Budget 7.393 9.870 9.667 9.691 Continuing
Appropriated Value 7.713 5.674 0 0 Continuing
Adjustments to Appropriated Value
a. Congressionally Directed Undistributed 0.32 -0.873 0 0
Reduction
b. Rescission/Below-threshold Reprogramming, 0 0 0 0
Inflation Adjustment
c. Other 0 0 -3.316 -2.929
Current Presidents Budget 6.942 4.801 6.351 6.762 Continuing

Change Summary Explanation:

(8)] Funding:
programmeatic changes.

(L) Schedule  N/A

(8)] Technical:
programmeatic changes.

Funding changes are due to congressional undistributed reductions and inflation adjustments.

FY 1988 and FY 1999 changes are due to Congressional directed reductions. Outyear adjustments are due to

FY 1988 and FY 1999 changes are due to Congressional directed reductions. Outyear adjustments are due to

) C. OTHER PROGRAM FUNDING SUMMARY COST: N/A
V) D. ACQUISITION STRATEGY: N/A
V) E. SCHEDULE PROFILE:
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COST(In Millions) FY FY FY FY FY FY FY FY Cost to Total Cost

1998 1999 2000 2001 2002 2003 2004 2005 Complete

Total Program Element (PE) | 19.137 | 14.496 9.719 9.698 4.670 4.651 4.749 4.848 Continuing Continuing
Cost

MFEL/P483 19.137 | 14.49 | 9.719 9.698 4.670 4.651 4.749 4.848 Continuing Continuing
(8)] A. Mission Description and Budget Item Justification
(9)) BRIEF DESCRIPTION OF ELEMENT
(8)] The MFEL program seeks to develop advanced, laser-based applications for military medicine and electronic materials research. Free

electron lasers (FELS) provide unique pulse features and tunable wavel ength characteristics that are unavailable in other laser devices. Thus, FELs
broaden the experimental options for the development of new laser-based applications.

(8)] The magjority of this program (80%) is focused on developing advanced procedures for the rapid diagnosis and treatment of battlefield -
related casualties. Specific applications under investigation include soft tissue repair, hard tissue surgery, therapies for thermal burns and chemical
burns, and enhanced medical imaging. Laser applications will be clinically tested in unique MFEL medical centers, leading to Food and Drug
Administration (FDA) approval. Thereis high potential dual use for civilian medicine. Thus far, more than 20 clinical procedures have been
developed in several medical specialties, including ophthalmology, orthopedics, thermal and chemical burn repair, and neurosurgery.

(8)] A much smaller part of this program (20%) is focused on electronic materials research. In these studies, the high energy FEL beam is
being exploited for improved processing applications including more effective dopants, surface cleaning and modification of transport properties of
microel ectronic substrates

(8)] The program is executed extramurally. Performersinclude 5 magjor medical centers and approximately 20 applications groups. Awards

are made competitively, following solicitation and peer review, for performance periods of 2 to 3 years. The program emphasizes the use of
interdisciplinary teams of physicians, physicists, biologists, and engineers and collaborative interactions among the major MFEL centers.
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COST(In Millions) FY FY FY FY FY FY FY FY Cost to Total Cost
1998 1999 2000 2001 2002 2003 2004 2005 Complete
Total Program Element (PE) | 19.137 | 14.496 9.719 9.698 4.670 4.651 4.749 4.848 Continuing Continuing
Cost
MFEL/PA483 19.137 | 14.49 | 9.719 9.698 4.670 4.651 4.749 4.848 Continuing Continuing
(8)] Project Number and Title: P483 MFEL
) PROGRAM ACCOMPLISHMENTSAND PLANS
V) FY 1998 Accomplishments:
(8)] Research on surgery of the eye and the brain, on monochromatic X -ray imaging, and on improved el ectronic materials continued at

Vanderbilt University. The mid-infrared FEL was compared with a new prototype optical parametric mid-infrared laser for incision quality.
($2.221 Million)

(8)] Research on surgery of the eye, the brain, the skin, nerves and bone continued at Duke University. Performance of the vacuum
ultraviolet (UV) laser was enhanced and the preclinical research facilities was completed. ($ 2.882 Million)

(8)] Research on surgical applications of lasers in wound repair, neurosurgery and burn treatment continued at Mass General Hospital.
Collaborations were conducted with the Army Institute of Chemical Defense on chemical burn treatment. ($ 3.751 Million)

(8)] Research on wound sterilization and bone surgery continued at the Beckman Laser Ingtitute. Development of a new Doppler-imaging
device for guiding laser usage by burn surgeons continued. ($ 0.993 Million)

(8)] Research on biomolecular and tissue absorption characteristics of FEL radiation continued at Stanford University, as was research into
the effects of FEL radiation on microelectronic and energetic materials. ($ 2.155 Million)

(U) Research to develop compact FELS, optical fibers and wave-guides for use in hospitals and battlefield settings continued. ($ 3.283 Million)
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(U) Studies on the interactions of photons with biomolecules, cells, tissues, and materials continued.($ 3.852 Million)

(L) FY 1999 Plans:

(8)] A competition for medical center awards will be conducted during 1999 for awards beginning in FY 2000. It is anticipated that the
number of centers supported by the program will be reduced in number from five to three. Increased emphasis will be placed upon transition of
research products for combat casualty care and military trauma centers by establishing collaborative projects between military medical sites and
research centers funded under the program. ($ 14.496 Million)

(9)) FY 2000 Plans:

(8)] Reduce number of centers funded in the Program from five to three and provide interim funding for close out and transition of promising
technologies to industry. Phase out all electronics research and refocus continuing research efforts to address identifiable transition targets relevant
to treatment and diagnosis of medical conditions of specific interest in military medicine. Selection of centers and specific projects will depend upon
competition held during FY 1999. ($ 9.719 Million)

(9)) FY 2001 Plans:

(8)] Begin phase-out of two of the three academic research centers by transition of research efforts to either military medical institutions or

industry. Continue development of new procedures for treatment and diagnosis of medical conditions of particular pertinence to military medicine.
($9.698 Million)
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(8)] B. Program Change Summary FY 1998 FY1999 FY 2000 FY 2001 Total Cost
Previous Presidents Budget 20.103 9.706 4.800 4.782 Continuing
Appropriated Value 20.841 14.706 0 0 Continuing

Adjustments to Appropriated Value

a. Congressionally Directed Undistributed -1.704 -0.210

Reduction

b. Rescission/Below-threshold Reprogramming, 0 0 -0.081 -0.084

Inflation Adjustment

c. Other 0 0 5.000 5.000

Current Presidents Budget 19.137 14.496 9.719 9.698 Continuing

Change Summary Explanation: Funding changes are due to congressional undistributed reductions and inflation adjustments.

(8)] Funding: The budget reflects an increase of $5M in FY 00 and FY 01 to maintain three medical centers.

(L) Schedule  N/A

V) Technical: Changes are due to Congressional adjustmentsin FY 1998 and FY 1999. Outyear programs continue support for three
medical centers.

(8)] C. OTHER PROGRAM FUNDING SUMMARY COST: N/A

(8)] D. ACQUISITION STRATEGY: N/A

(8)] E. SCHEDULE PROFILE: N/A
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COST(In Millions) FY FY FY FY FY FY FY FY Cost to Total Cost

1998 1999 2000 2001 2002 2003 2004 2005 Complete

Total Program Element (PE) | 10.724 0 14.329 | 14.338 | 14.515 | 14.960 | 15.291 | 15.626 Continuing Continuing
Cost

HBCU/P489 10.724 0 14.329 | 14.338 | 14.515 | 14.960 | 15.291 | 15.626 | Continuing Continuing
(8)] A. Mission Description and Budget Item Justification
(9)) BRIEF DESCRIPTION OF ELEMENT
(8)] This PE provides infrastructure support in fields of science and engineering that are important to national defense. This competitive

program provides support through grants or contracts for research, collaborative research, education assistance, instrumentation purchases, and
technical assistance. The research grants are to further the knowledge in the basic scientific disciplines through theoretical and empirical activities.
Collaborative research allows university professors to work directly with military laboratories or other universities. Education assistance funds are
used by the selected ingtitutions to strengthen their academic programs in engineering, science and mathematics, thereby increasing the number of
under-represented minorities obtaining undergraduate and graduate degreesin these fields. Funds for instrumentation allow institutions to increase
their capability to perform research of interest to the Department. Technical assistance funds are used to design programs to enhance the ability of
minority institutions to successfully compete for future defense funding.
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COST(In Millions) FY FY FY FY FY FY FY FY Cost to Total Cost
1998 1999 2000 2001 2002 2003 2004 2005 Complete

Total Program Element (PE) | 10.724 0 14.329 | 14.338 | 14.515 | 14.960 | 15.291 | 15.626 Continuing Continuing
Cost

HBCU/P489 10.724 0 14.329 | 14.338 | 14.515 | 14.960 | 15.291 | 15.626 | Continuing Continuing
(8)] Project Number and Title: P489 HBCU
) PROGRAM ACCOMPLISHMENTSAND PLANS
(8)] FY 1998 Accomplishments:
) Awards were made under the DoD Infrastructure Support Program for HBCU/MIs. In one solicitation the Army, Navy and Air Force as a

group made atotal of forty-three grants to forty-two HBCU/MIs. There were thirty-five Instrumentation awards and eight Education awards. The
Instrumentation Program awards made by the Army and Air Force provides for the acquisition of research and educational -use technol ogy
equipment and instrumentation. Emphasis is on instrumentation which will enhance the ability of HBCU/MIsto perform research which is of in
terest to DoD and to increase the number of underrepresented minority graduates in the fields of science, engineering, and mathematics. The Navy
continued funding for eight education centers. The Education Centers Program is designed to (&) enhance pro grams and capabilities at HBCU/MIs
in scientific disciplines critical to the national security function of DoD and (b) to increase the number of underrepresented minority in the fields of
science, mathematics and engineering. ($ 10.724 Million)

(9)) FY 1999 Plans:

(9)] The FY 1999 program was divided among the Army, Navy, and Air Force to execute based on the Defense Reform Initiative.
($ 0.0 Million)

(9)) FY 2000 Plans:
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(8)] Continue evaluation of the awards made with the prior year funds. In FY 2000 the HBCU/MI program will make additional awards using
the program funds. These awards will be a combination of new starts, and continuations of some grants and other efforts started under previous
fiscal years depending on technical progress. The Services will select the competitive awards from proposals submitted under the Infrastructure
Support Program for HBCU/Mis. The: FY 2000 broad agency announcement is scheduled to be distributed in August 1999. ($ 14.329 Million)

(L) FY 2001 Plans:

(8)] Continue evaluation of the awards made with prior year funds. In FY 2001, the HBCU/MI program will make additional awards using
the program funds. These awards will be a combination of new starts, and continuations of some grants and other efforts started under previous
fiscal years depending on technical progress. The Services will select the competitive awards. ($ 14.338 Million)
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(8)] B. Program Change Summary FY 1998 FY1999 FY 2000 FY 2001 Total Cost
Previous Presidents Budget 11.080 0 0 0 Continuing
Appropriated Value 0 0 0 0 Continuing
Adjustments to Appropriated Value

a. Congressionally Directed Undistributed -0.356 0 0 0

Reduction

b. Rescission/Below-threshold Reprogramming, 0 0 0 0

Inflation Adjustment

c. Other 0 0 14.329 14.338

Current Presidents Budget 10.724 0 14.329 14.338 Continuing

Change Summary Explanation:

(8)] Funding: The Defense Reform Initiative directed that the FY 1999 program be distributed equally to the Services (Army PE
0601102A, Navy PE 0601153N, and Force PE 0601102F). However, for FY 2000 and beyond the Defense Reform Initiative PBD 711R directed
that program be reverted to OSD.

) Schedule: N/A
(8)] Technical: The Defense Reform Initiative directed that the FY 1999 program be distributed equally to the Services (Army PE

0601102A, Navy PE 0601153N, and Force PE 0601102F). However, the Defense Reform Initiative reversed that direction FY 2000 and out year
funds.

) C. OTHER PROGRAM FUNDING SUMMARY COST: N/A
) D. ACQUISITION STRATEGY: N/A
V) E. SCHEDULE PROFILE: N/A
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FY1998 |FY1999 |FY2000 ([FY2001 |FY2002 |FY2003 |[FY2004 |[FY?2005 Cost to Total Cost

COST (In Millions) Complete

Total Program Element (PE) Cost | 17.197 19.271 20.774 20.739 20.994 21.275 21.781 22,590 | Continuing | Continuing

Lincoln Laboratory/P534 17197 | 19271 | 20774 | 20739 | 20994 | 21275 | 21781 | 22590 |Continuing | Continuing
(8)] A. Mission Description and Budget |tem Justification

(8)] BRIEF DESCRIPTION OF ELEMENT:

(8)] The Lincoln Laboratory (LL) program is a high technology research and development effort conducted through a cost reimbursable contract

with the Massachusetts Institute of Technology (MIT). LL is operated as a Federally Funded Research and Development Center (FFRDC)
administered by the DoD, and is uniqgue among DoD FFRDCs. It has no funding sources other than the Line for its innovative research and
development efforts. Thisis due to the fact that LL is operated by MIT at no fee and may not charge for IR&D (under A-21). Other DoD FFRDCs

do charge a fee with which they may support research efforts.

V) The LL funds research activities that directly lead to the development of new system concepts, new technologies, and new components and
materials. Historically, funding supports many development and demonstration programs which have led to such significant DoD systems as JSTARS,
MILSTAR, GEODSS, as well as to solid-state devices and processes of major importance to the military industrial base. In addition to being the
foundation for many new LL programs, the funding also supports other ongoing Laboratory programs with state-of-the-art technology developments.

The program has the following 4 research elements:

Target surveillance and recognition, with emphasis on (1) revolutionary sensing techniques and algorithms for detecting and recognizing
battlefield targets both in the clear and in difficult deployments, (2) supporting data collection and phenomenology, and (3) fundamental
target-recognition bounds and their implications for sensor and algorithm design.

UNCLASSIFIED



UNCLASSIFIED

i DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999
APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE
RDT&E, Defense Wide/BA 2 Lincoln Laboratory
PE 0602234D8Z

High-connectivity, low-cost military global defense network and communications systems, with emphasis on new antennas, RF
technology, network protocols (including for mobile users with lightweight transceivers), high-rate fiber and free-space optical
communications systems, and the interconnection of these very disparate modalities into a global defense network that can truly redlize
the vision of a “from sensor to shooter” communications infrastructure which will greatly enhance force effectiveness by providing the
right information at the right time anywhere in the world;

Advanced combat support technologies for hyperspectral sensing systems, Micro Air Vehicles for battlefield surveillance and compact
biological agent detection systems. The focus in biological agent detection is in developing technology for compact, lightweight, real-
time biological-agent sensors with extremely high sensitivity (> 1 agent containing particle per liter of air) and with strong background
clutter rejection for extremely low false-dlarm rate (> 1 per week). The primary objective for the active hyperspectral sensing system
development is to demonstrate the feasibility and utility of combining active illumination with hyperspectral imaging for a range of
military applications including CID.

Revolutionary, advanced e ectronic/optical technology, with specific emphasis on optical sampling for direct anal og-to-digital
conversion on the microwave carrier in digita receivers for radar and electronic intercept, 3-D imaging and high sensitivity IR focal-
plane arrays for advanced missile seekers, mid-infrared semiconductor lasers to counter advanced heat-seeking missiles, new miniature
fluorescent and microfluidic sensors for rapidly detecting and identifying low concentrations of biowarfare agents, solid state low-light
imagers for improved night vision under starlight illumination, and high-speed, radiation hard, ultra-low power analog and digital
circuits for ubiquitous DoD applications.

UNCLASSIFIED




UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) DATE
February 1999
APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE
RDT&E, Defense Wide/BA 2 Lincoln Laboratory
PE 0602234D8Z

FY1998 [FY1999 [FY2000 [FY2001 [FY2002 [FY2003 [FY2004 [FY2005 | cogto | Total Cogt
COST (In Millions) Complete
Total Program Element (PE) Cost | 17.197 | 19271 | 20774 | 20739 | 20994 | 21.275 | 21.781 | 22590 |Continuing |Continuing
Lincoln L aboratory/P534 17197 | 19271 | 20774 | 20739 | 20994 | 21275 | 21781 | 22590 |Continuing | Continuing

(8)] Project Number and Title: P534 Lincoln Laboratory

(U)
(U)
(U)
(U)

(8)] Used the airborne data collection system to image large portions of Ft. Drum, NY over several seasons, creating a unique database of
synthetic-aperture-radar (SAR) change phenomenology. Applied fundamental target-recognition bounds to design study of height-sensing SAR.
Initiated investigation of “inverse scattering” theory for application to target-recognition in foliage penetrating SAR imagery. These activities have
had direct impact on ongoing R& D activities such as Dynamic Data Base (DDB) and Radar Complex Data Exploitation (RCDE) (both DARPA); and
have considerable significance for agencies such as NIMA and NRO that must plan next-generation exploitation and sensing systems.

(U)

V) Continued the advanced e ectro-optical technology program in support of the Air Force Space Control Mission. Expanded the technology
development effort to include advanced electro-optical seekers for Ballistic Missile Defense. Continued the development of advanced CM OS readout
multiplexersfor IR focal plane arrays that will enable the improvement of FPA pixel to pixel spatial uniformity for high quantum efficiency detector
materials such as InSb and HgCdTe. An FPA CMOS readout multiplexer design has been implemented; fabrication of CMOS integrated circuits for
full function FPA readouts have begun. Continued the development of avalanche photo-diode (APD) array for 3-D laser radar imaging to support
advanced BMD interceptor seeker concept. Four by four APD sub-arrays have been fabricated and wire bonded to 16-channel CMOS timing
electronics. A 3D laser radar brassboard system has been demonstrated. The FPA technology developments will become the basis for improved seekers
for the BMD community including the Navy Lower and Upper Tier Theater Ballistic Missile Defense Programs.

PROGRAM ACCOMPLISHMENTSAND PLANS:

FY 1998 Accomplishments:

Target Surveillance and Recognition: ($4.574 Million)

Surface Surveillance

Space Survelllance
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(8)] Military Communications:  ($3.484 Million)
(8)] Continued to investigate globally networked military communications systems that will enable the free flow of information among disparate

users and systems at rates from tens of kilobits per second to tens of gigabits per second. The targeted user community for these systems includes
DoD (Air Force, Navy & Army) and the intelligence community. Technology is under development for both free-space optical communications and
terrestrial fiber communications, as well as for tactical theater communications, particularly to forces on the move, and for the interconnection of
satellite communications (SATCOM), terrestrial and wireless systemsinto a globa defense network.

(8)] Optical communications. Free-space optical communi cations technology successfully transitioned to a funded flight demonstration program.
Continued work to enhance optical transmitter power and efficiency as well as near-quantum-limited optical receiver technology. Application to
world-wide relay of high-rate surveillance data.

(8)] Global ultra-high rate networks: Continued development and demonstration of optical technology for ultra-high rate local and metropolitan
area networks (LANs and MANS). Demonstration of optical processing functions for high-speed cryptography and for packet routing in a 100 Gbps
LAN/MAN. Application to processing and fusion of surveillance data.

) Tactical Satellite Terminals: Continued devel opment of electromagnetically-steered phased array antennas utilizing optical fiber and electro-
optical technologies that offer light weight, low cost fabrication and integration on tactical platforms. Completed development of architecture and
plans for integration of transmit and receive arrays. Continue implementation of an 8 GHz receive array. Application to ground forces communication
on the move and to aircraft.

(8)] Defensive Information Warfare: Developed and demonstrated a prototype protocol for dynamic reconfiguration in a network conferencing

application, to confuse potential network attackers. Developed a network for realistic simulation of actual attacks and anomalous usage, mixed with
normal network background traffic, in order to evaluate objectively the performance of existing and developmental intrusion detection systems.
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(8)] Combat Support Technology: ($2.903 Million)

V) Designed and developed a basdline active hyperspectral imaging (HSI) system that incorporates a VIS/NIR white-light “laser” illuminator on
a scanning, tripod-mountable platform with a compact imaging spectrometer. The system was successfully tested in a series of laboratory experiments
to demonstrate utility in detection and identification of concealed targetsin alow-light, highly-cluttered environment. A series of outdoor tests
designed to verify performance in concealed target detection and demonstrate range-gating ability are planned. Applications for the basdline system
include man or vehicle vision enhancement, mine detection, and optical taggant discrimination.

V) To improve the performance of UV fluorescence-based biological-agent sensors a large number of agent stimulants and background
substances (pollens, mold spores, etc.) were measured in an aerosol chamber. In addition, field measurements of background clutter continued. These
lab and field measurements have led to the development of a three-channel sensor for the Army, with considerably enhanced discrimination capability
as compared to the previous two-channel sensor. Work was initiated in networking sensors together, both in smulations and for real-time sensing and
discrimination. Also, development of a biologica identifier accelerated with the addition of DARPA support. Immunological B-cells are being
tailored and introduced into microfluidic chambers, which will analyze samples selected by the alarm device. Each cell fluorescesin responseto a
specific antibody and thereby will provide rapid identification of agents.

) Several fixed-wing Micro Air Vehicle (MAV) airframe configurations were tested in awind tunnel to evaluate electric propulsion
performance and the effectiveness of different wing and tail arrangements. Several airframe configurations were a so outfitted with radio control for
flight testing. A vehicle with 10-in. wingspan flew successfully. Development of more efficient, miniature internal combustion engines continued
throughout the year. Optical designs were completed for two high-resolution, visible imaging cameras. The transfer of Lincoln technology will be
completed by the end of FY98.

UNCLASSIFIED



UNCLASSIFIED

I DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999

APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE

RDT&E, Defense Wide/BA 2 Lincoln Laboratory
PE 0602234D8Z

(8)] Advanced Electronics Technology: ($6.236 Million)

V) The genera objective of this program is to conceive, demonstrate, and provide advanced electronic devices, circuits and subsystems for Air
Force and other DoD systems, and to transfer enabling technologies to industry. Principle efforts are in lasers, eectro-optic devices, visible and
infrared (IR) sensor arrays, analog and digital silicon integrated circuits, microwave and mm-wave devices, and superconducting electronic devices
along with supporting development of materias and processing techniques. These efforts support DoD systems programs elsewhere within Lincoln
Laboratory, as well as directly supporting AFRL (IR countermeasures (CM), adaptive optics, focal plane readout circuits, electro-optical space
surveillance). Technology from this program is exploited by the Army and Navy ballistic missile defense programs (focal plane readout circuits), by
Army EdgeWood Research Development and Engineering Center (ERDEC) (bioaerosol sensors), by DARPA (sub 0.25-um lithography, low-
power/higher-speed CMOS circuits in silicon-on-insulator (SOI) material, high speed optical sampling for analog-to-digital (A/D) conversion,
microfluidic bio-agent identifier, multichip modules) by BMDO (avalanche photodiodes for 3-D radar, GaN layers for electronics, superconductive
spread spectrum modem) and NSA (superconductive crossbar switch, high-speed cryogenic memory). Technology transfer is being accomplished
through direct DoD support (IR countermeasures, CMOS/SOI circuits, imaging arrays and readout circuits, superconductive filters), and through
cooperative research devel opment agreements (CRDAS) microchip UV lasers, lithographic technology, and diamond switch technology.

) Selected accomplishments: (1) Demonstrated high-power, high brightness lasers at 2- and 4-pm for dual-band IR counter measure
subsystem; (2) Demonstrated resonant-tunnel-diode injection-locked oscillator for stable laser driver in optically sampled A/D converter; (3)
Fabricated demultiplexers for optical A/D converter; (4) Demonstrated high-accuracy, low-power charge-coupled device (CCD) as A/D converter; (5)
Evaluated SOl material and initiated fabrication of merged CMOS/CCD circuit for “smart” focal planes; (6) Demonstrated 1.3-pm-wavelength
tapered laser/amplifier with low noise for compact, wide-dynamic- range, analog fiber-optic link; (7) Demonstrated multi-GHz-bandwidth
superconductive compressive receiver for electronic intelligence (ELINT); (8) Fabricated > 1-GHz clock-rate SOI/CM OS data-processing circuits for
ELINT receiver; (9) Demonstrated geiger-mode avalanche photodiode (APD) array with CMOS per-pixel timing circuits for 3-D radar; (10)
Demonstrated antiblooming feature for extended intrascene dynamic range in CCD imager for improved night vision; (11) Continued development of
miniature IR, visible and UV lasers for ranging and biodetection; (12) Designed tunable microwave filters using superconductive resonators; (13) First
demonstration of avalanche photo gain in GaN.
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(9)) FY 1999 Plans:
(8)] Target Surveillance and Recognition: ($4.977 Million)
) Surface Surveillance:
(8)] Initiate development of multichannel airborne data collection capability. Extend fundamental target-recognition bounds to high-range-

resolution radar profiling for application to moving-ground-target recognition. Use synthetic foliage-penetrating radar imagery to validate target
representation for inverse-scattering-based recognition techniques. Initiative investigation of active seismic characterization of underground facilities —
develop computational model and validate with subscale experimentation. 1n addition to being directly applicable to ongoing R&D efforts such as
DARPA’s DDB, MTE, FOPEN and Small Unit Operations programs, these activities will have considerable significance for organizations, such as
NIMA, NRO and the Services, that are planning and developing next-generation exploitation and sensing systems.

) Space Survelllance:

(8)] Continue advanced focal plane technology work with emphasis on submicron and SOI CMOS device processing technologies applied to
silicon monoalithic read-out multiplexers for high quantum efficiency FPAs. Continue 3-D laser radar technology development with epoxy bonding of
32 x 32 APD arrays to SOI-CMOS timing electronics arrays for high sengitivity receivers. These advanced focal plane array technologies for both
passive and active IR sensors will lead to new BMD interceptors with much-needed improvements in detection, acquisition and discrimination to
counter increasingly challenging ballistic missile threats. Both the Army and Navy Theater Ballistic Missile Defense Programs will gain advanced
interceptor capabilities form these technologies.

(8)] Military Communications: ($4.183 Million)

(8)] Continue to investigate technology for global high-rate military communications and networking at rates from tens of megabits to tens of
gigabits per second, including optical communications and tactical theater communications (particularly to Army forces on the move). Globa ultra-
high rate networking: Initiate test-bed demonstration of 100 Gps LAN and MAN for processing surveillance data, utilizing soliton optical pulses and
optical processing (current state-of-the-art for electronic networks is ~2Gbps); demonstrate networking techniques and protocols for interconnection of
disparate military communications systems. Milsatcom: Complete architecture for EHF Milsatcom beyond 2005, including sophisticated, agile and
narrow RF beam steering, advanced low-power on-board signa processing, and new networking techniques to enable efficient computer
communications over EHF Milsatcom; identify required technology developments. Tactical Satellite Terminals: Continue devel opment of optically-
controlled phased array antennas. Evaluate 4-element receive array at 8 GHz; continue development of integrated transmit and receive array
(application to communications on-the-move to ground forces and to aircraft).
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(8)] Defensive Information Warfare: Techniques for dynamic network reconfiguration will be refined, extended and demonstrated in the context

of alarge scale network, as a step towards devel oping technology for improved robustness in military C4l systems. The attack/anomal ous usage
simulation system will be extended beyond the Unix environment to embrace popular commercial operating systems, such as Windows NT, frequently
used by the military. The development and refinement of algorithms for improved real time intrusion detection will continue, with preliminary
evaluation in military base-protect operating environments.

) Combat Support Technology: ($3.158 Million)

V) Hyperspectral Sensing Systems. Extend the operating spectral region of both the white light “laser” and the spectral imaging systems to
encompass the 1 to 2 micron and 3 to 5 micron bands. Continue processing algorithm development in order to identify key features for target
recognition and visualization using the extended sensing capability. This system will be tested in both laboratory and field environments on a variety
of targets and scenarios of military interest. Design of afull-spectral system, spanning the visible through infrared bands will be initiated and the
factors affecting fusion with other sensing systems, such as synthetic-aperture radar, will be examined.

V) Biological Agent Detection Systems. Field measurements and aerosol-chamber measurements will continue. Lab measurements will
concentrate on growth media. Field measurements will broaden applications by measuring in and around buildings for counter-terrorism applications.
Microfluidics technology work will focus on expanding the capability to design and fabricate complex structures for tissue-based sensors. Advanced
laser and optical technology will be pursued to adapt the UV fluorescence sensor to other missions, e.g., rel ease assessment after an attack on an
underground structure. Modeling and simulation efforts will be expanded to integrate battlefield communications and biodetection sensor modelsin a
detailed ModSAF simulation. These technology efforts will be flowed into the Army ATD on biological sensing, the Joint Biological Remote Early
Warning System (JBREWS) ACTD, and into an expected follow-on Army ATD on a combined chemical, biological, nuclear sensor.

UNCLASSIFIED



UNCLASSIFIED

I DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1999

APPROPRIATION/BUDGET ACTIVITY R-1ITEM NOMENCLATURE

RDT&E, Defense Wide/BA 2 Lincoln Laboratory
PE 0602234D8Z

(8)] Advanced Electronics Technology: ($6.836 Million)

(9)] In support of digital receivers for advanced DoD sensors, demonstrate direct RF optical sampling (no down conversion) with A/D conversion
at greater than 100 MHz bandwidth and 80 dB dynamic range. Transition baseline mid-IR semiconductor laser technology to industry for dual-
wavelength IRCM systems. Continue development of tunable superconductive RF filters for frequency-agile receivers. Demonstrate 4-GHz bandwidth
ELINT receiver incorporating superconductive chip filters and CMOS/SOI data processor. Explore micromechanical RF tuning structures for
electronically reconfigurable microwave communications circuits. Commence development of AlGaN materials for avalanche photodiodes.
Demonstrate controlled-impedance multi-chip module (MCM) with high-speed digital circuits. Reduce dark current levels and develop CMOS-based
versions of visible, UV and IR focal planesin support of AF, DARPA, and other DoD programs. Continue development of advanced silicon digital
and analog integrated circuits to support emerging DoD systems, with an emphasis on low-power/high-speed subsystemsin MCMs. Extend
SOI/CMOS to sub-200-nm feature size radiation hard process. Demonstrate tunable |low-noise tapered |asers in the 1.3-um region for wavelength
divison multiplexed RF links. Continue development of bio-detector technology with emphasis on discrimination and identification methodologies.
Demonstrate APD arrays for use at eye-safe wavelengths in 3-D ranging/imaging applications. Demonstrate 3-D radar subsystems incorporating a
geiger-mode photodiode array, integrated timing electronics, and compact laser illuminator.

(®) FY 2000 Plans:

(8)] Target Surveillance and Recognition: ($5.621 Million)

) Surface Surveillance:

(8)] Complete development of multichannel airborne data collection capability. Formulate new sensor designs incorporating insights gained from

development of fundamental ATR performance bounds and high-definition vector imaging (HDVI). Use synthetic foliage-penetrating radar imagery
for initia validation of inverse-scattering-based target recognition Develop algorithms for exploiting active seismic signatures of underground
facilities and validate with subscale experimentation. In addition to being directly applicable to ongoing R&D efforts such as DARPA’s DDB, MTE,
FOPEN and Small Unit Operations programs, these activities will have considerable significance for organizations, such as NIMA, NRO and the
Services, that are planning and developing next-generation exploitation and sensing systems.
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V) Space Survelllance:
(8)] Continue the development of advanced focal plane arrays in both visible and IR wavebands and in-pixel focal plane signal processing.

Continue the development of 3-D laser radar for advanced seeker applications with the capability to scale the array size to greater than 32X 32 pixels.
The on-FPA processing technologies for both passive and active (LADAR) sensors promise significant improvements in performance and reductionsin
development and life cycles costs for future BMD interceptor systems for Navy Theater Area Defense and Theater Wide Defense.

(8)] Military Communications: ($4.724 Million)

(8)] Continue to develop technology for global high-rate military communications and networking, including optical communicationsin space
and fiber, future EHF Milsatcom architecture and technology, and tactical theater communications (particularly to Army forces on the move).
Continue extension and demongtration of networking techniques and protocols for interworking among disparate networks including Milsatcom.
Complete 100 Gbps optical LAN/MAN testbed (application to surveillance data processing). Continue demonstration of integrated transmit/receive
phased array antenna system, and begin design of prototype system for future Milsatcom applications. Continue development of Milsatcom signal
processing technology; continue laboratory demonstration of integrated on-board demodulation, switching, and routing techniques for next-generation
EHF Milsatcom.

(8)] Defensive Information Warfare: Prototype protocols for improved security and robustness to network attack in Internet environments will
be developed and demonstrated in the context of a distributed collaborative planning application, as afurther step towards more netware attack-
resilient military C4l systems. The development and evaluation of advanced techniques for network intrusion detection will be continued, with
emphasis on the fusion of complementary data from an ensemble of cooperating intrusion detection systems, for improved aggregate performance.

V) Combat Support Technology: ($3.566 Million)

V) Hyperspectral Sensing: Develop afull-spectral active HSI system, using select, discrete-frequency laser wavelengths throughout the visible
through mid-wave IR spectral regions, broadband illumination in discreet segments of those regions, and passive long-wave IR imaging. The system
will be adaptable, where both the sensing wavebands and target-recognition algorithms will be specified by the applications. For some applications,
visible APD arrays will be incorporated that permit range-resolved imaging as well as the standard spatial and spectral imaging that the active HSI
system affords. Effort will also be expended in devel oping real-time processing and visualization schemes for either direct relay to user or
transmission to a control station for fusion of multiple sensing assets.
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(8)] Biological Agent Detection Systems: Perform lab tests to explore integrating a UV fluorescence trigger sensor with amicrofluidic biofilter

and with a B-cell identifying sensor. Extend the modeling and simulation to develop advanced sensor-fusion algorithms and to look at smulation of
combined Nuclear Biological Chemica (NBC) sensor. Explore how to adapt biological sensing processes (e.g., B-cell sensing) to non-living systems.
Thiswork will feed into the Army ATD and also into the Joint Biological Universal Detection (JBUD) system to be developed by the Joint Program
Office for Biological Defense.

V) Advanced Electronics Technology: ($7.863 Million)

V) Extend direct RF optical sampling to higher bandwidths by demonstrating scalable methods for parallelizing quantizers. Improve materials
and spectral combining techniques enabling higher-brightness and higher- operating-temperature optically pumped mid-IR semiconductor lasers for
IRCM applications. Continue development of advanced silicon process technology with extensions of CMOS to sub-100-nm feature sizes, with
emphasis on development of technologies for on-focal processing, radiation hard technologies, and integrated sensors. Explore applications of visible
and IR "expendable” imagers for unmanned observation post. Demonstrate micromechanically rec