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Exhibit R-2, RDT&E Budget Item Justification: PB 2015 Defense Advanced Research Projects Agency !Date: March 2014 

Appropriation/Budget Activity R-1 Program Element (Number/Name) 
0400: Research, Development, Test & Evaluation, Defense-Wide I BA 1: Basic PE 0601117E I BASIC OPERATIONAL MEDICAL SCIENCE 
Research 

C. Accomplishments/Planned Programs fS in Millions) FY 2013 FY 2014 FY 2015 
----~~-------+--------4--------~ - Develop circuitry models and methods of data analysis that allow for the mathematical characterization and prediction of nonnal 

and abnormal cellular processes in the brain. 

FY 2015 Plans: 
- Demonstrate the ability to non-destructively image neural communication between distant cerebral neural circuits in real time. 
- Demonstrate the ability to simultaneously detect the functional dynamics of multiple individual neurons in the brain over 
extended periods of time. 
- Validate the predictive potential of new neural circuitry models by stimulating specific neurons within the circuit to alter behavior 
and/or function. 

rffle: Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPT) 

Description: The Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPT) program wilt develop the under1ying 
technologies to rapidly respond to a disease or threat and improve individual readiness and total force health protection by 
providing capabilities which are currently available only in centralized laboratories in the U.S. to non-tertiary care and individual 
settings. ADEPT will develop and exploit synthetic biology for the in vivo creation of nucfeic acid circuits that continuously 
and autonomously sense and respond to changes in physiologic state and for novel methods to target delivery, enhance 
immunogenicity, or control activity of vaccines, potentially eliminating the time to manufacture a vaccine ex vivo. ADEPT 
advancements to control cellular machinery include research to optimize orthogonality and modularity of genetic control elements; 
identify methods to increase sensitivity and specificity; and demonstrate methods to control cellular machinery in response to 
changes in physiological status. ADEPT will develop methodologies for measuring health-specific biomari<ers from a collected 
biospecimen to enable diagnostics at the point-of-need or resource limited clinical faCilities (point-of-care), in-garrison or deployed. 
Additionally. ADEPT will develop techniques that will enable the rapid establishment of transient immunity through stimulation of 
the production of components of the immune system to impart effective but temporary protection. This transient immunity would 
bridge the time gap between the delivery of a vaccine and the development of a long term protective immune response. Applied 
research efforts are budgeted in PE 0602115E, Project BT-01 . 

FY 2013 Accomplishments: 
- Demonstrated development of modular and orthogonal nucleic acid-based elements for application within a sense-and-respond 
circuit that operates within the context of a mammalian cell. 
- Demonstrated controlled expression in mammalian cells of synthetic circuit that responds to physiological biomari<ers 
associated with health status. 
- Quantified sensitivity and specificity of developed molecular approaches designed for deployable diagnostics using physiological 

21.620 40.500 39.912 

concentrations of clinically relevant anatytes in complex biospecimens. J 
- Quantified perfonnance of biostabilization reagents/materials demonstrating analytical recovery of clinically relevant molecules 
equivalent to traditional stabilization methods that require cold-chain storage. 
L______C_--~-------=-----!..-----------l...---------'-------, 
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Exhibit R-2. RDT&E Budg&t Item Justification; PB 2015 Defense Advanced Research Projects Agency I Date: March 2014 

Appropr;la11on/Budget Actlvlly R-1 Program Element {Number/Name) 
OAOO: Reseatr::h. Development, Test & E. valuation, Defense-Wide I BA 1: Basic IPE 0601117E I BASIC OPERATIONAL MEDICAL SCIENCE 
Research 

C_._,A~colJipJI$bme~anqod P..(09omsj:l.l.nl;'UHQM) 
- Quantified perfonnanoe of methods for room te~petature analyses and reagent stabilization demonstrating analytiCal results 
v.rith similar-to-enhanced P41IfOf'I'Tl8l"tC;e as compared to current laboratory methods for clinical diagnostics. 
- Ouanllli'ed' delectJon llmlls ac:hie'oled wllh signal amplification methods, demonstrating performance superior to current state of 
the art methods for quantificatiOn of low abundanCE biomarkers in an actionable timeframe. 
- Developed new sample prepatallon malhods suitable for simple and multiplexed analysis of biospecimens that are either self­
coDeeled under low-:resource settings 0t coUected by trained professionals at the physician-office settings. 
- Dei ermined matenals prOperties and fluidic control requirements for integration of diagnostic methodologies. 
- Ouanlified the levet of antibody and 1rrvnunoadhes•n production directed by the administration of synthetic oligonucleotides in 
compa:nson to standan:J vaccme debvery. 
- lnv&stigalcd the impact of the Ribol'ludeic Acid (RNA} sequence on the therapeutic strength of immune response in vivo. 

FY 2014 Plan&: 
• Demonstrate In mammallan ce8s lhe function ot a synthetic circuit that can integrate multiple signals associated with health 
status and respond wflh a targeted change in ceU function. 
• Demonstrate the ability to genera'te synlh~tic nuderc acid and protein circuit components that respond to an exogenously 
suppned small molecule drug lrlgger. 
- Demonstrate blostablll~alion reagentslmater!als w1th biospecimen types and physical formats appropriate for integration into 
devces tof collection end transport of patten! samples for diagnostic analysis, and integration into on-person diagnostic devices. 
- Demonstrate signal amplification methods in con~unction with processing/assay methods. 
- Opllm!ze developed 5ample preparatron methods and test efficacy using biospecimens representative of those either self-
colecled under low-resource settings or coUected by trained professionals at the physician-office settings to assist the diagnosis 
of an indiVidual. 
• Develop advanced matenaJs ror InCOrporation In disposable diagnostic devices. 
• Optimize advaf'Ged maotluldlc mer hods for llDI1ow power flow control. 
• Demonstrate delivery c:l synthetic oligonucleotide constructs to cells appropriate to produce an antibody response. 
- Demonstrate antibody and lmmunoadhesin production targeted to specific disease classes. 
- Optimize antibody sequence formaximallherapeutk: strength of immune response in vivo. 

FY 2,015 Plans: 
• Demonstrate abtlrty to administer nudeic aCAd encoding multiple antibodies to protect against existing, unmet, clinical targets; 
emergtng global infedlous diseases; and !Vlown. eng,u'leered biothreats. 
- Demonstrate onset or protection Within hours after delivery and duration of therapeutic response greater than IV administered 
antioodies. 
- DemOf'lstrale opllmi2:ed, high sensitivtty assay melhods for protein and nucleic acid biomarkers, suitable for incorporation in 
deployable devices. 
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exhib it R.-2, RDT&E Budget Item Justlfic~tlon: PB 2015 Defense Advanced Research Projects Agency joate: March 2014 

ApproprlalionfBudgel Activity R-1 Program Element {Number/Name) 
0400: Resqaf'Ch, DevefO/)~nt, Tesl4 Evntualion. 09fense-Wide I BA 1: Basic PE 0601117E I BASIC OPERATIONAL MEDICAL SCIENCE 
Rese8J"Ch 

C.A~;-conu!'ll&hmenl§JPianne<l Program& fJ. fo Millions) 
- Demonstrate advanced materials propert~nd lnoorporation of developed materials into disposable assay formats. 
• Demonstrate advanced methods tor reagent stabilization and delivery for assays developed for deployable devices. 

FY 2015 FY 2013 FY 2014 
- --4-------~r-------------4-----------~ 

I - Demonstrate sample preparabon methods Ln conJunction with developed assays and quantify performance metrics. 
• Demonstrale performance of developed assays using advance no/low power microfluidic methods. 
, Measure performance ol deve1oped diagnostic methods and demonstrate capability to measure dinically relevant analyte levels 
1n appropriate biospecime'l matrices. 
- Demonstrate In mammalian ceUs the tun<:tlon of a synthetic circuit that can control the timing and level of expression of a protein 
when e.-pressed from an RNA-based eltP(esslon vector. 
- Dnmoo:strale ln marrrnallat'l cells the function of a synthetic circuit that can integrate at least two physiological signals 
assodated with a chal'\ge n health stalUs al'\d respond to at least two exogenously added small molecules, and respond with a 
targeted Change In cell state 
- Demonstrate the abHfty lo generate a synthelJC antibody via continuous evolution that can specifteally bind to a defined target in 
mammalian cells. 

Title: Olalysis-Uke Therapeutics 

Oescrfption: Sepsis. a bactertal lnfecltan of the blood stream. is a significant cause of injury and death among combat-injured 
soldlers The goal of lhls program was to dellelop a portable device capable of controlling relevant components in the blood 
volume on cl..nlcally releva11t time scales. Reaching Lhls goal required significant advances in sensing in complex biologic fluids, 
comple:~e fluid manipulation, separation of components from these fluids, and mathematical descriptions capable of providing 
predictive control over tne dosed loop process. The envisioned device would save the lives of thousands of military patients 
each year by effectively treatmg s~s and assoda!ed complications. Additionally, the device may be effective as a medical 
countermeasure agajnst vanous chei'TiiCSI and biological (chem-bio) threat agents, such as viruses, bacteria, fungi, and toxins. 

Initial basic research developed the componen1 technologies that will ultimately make up the integrated device. Included in 
this effort was the developmem of non-fouling cont1nuous sensors for complex biological fluids; design of high-flow microfluidic 
:structures lhal do not require the use of anticoagu1a11on: development of intrinsic separation technologies that do not require 
pathogen speafic molecular labels or bind~ chemistries: and predictive modeling and control (mathematical formalism) with 
:SUffidenl fidelity lo enable agile adapt1ve dosed-loop therapy. Applied research efforts are budgeted in PE 0602115E, Project 
8T-D1. 

FY 1013 Aeeomptlshments: 
- Improved sensing technolog•es to achieve continuous detection of pathogens, toxins, and other biomolecules in blood and blood 
<:Qmponents. 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2015 Defense Advanced Research Projects Agency !Date: March 2014 

Appropriation/Budget Activity R-1 Program Element (Number/Name) 
0400: Research, Development, Test & Evaluation, Defense-Wide I BA 1: Basic PE 0601117E I BASIC OPERATIONAL MEDICAL SCIENCE 
Research 

C, Accomn!lshments/Pianned Prngrams (~in Millions} 
- Refined microfluidic architectures and coatings for continuous blood flow at high rates of 1.8 Uhour without platelet activation or 
clotting. 
- Enhanced label-free separation technologies to successfully remove pathogens. toxins, and select bioagents from blood or 
blood components by more than 90%. 
- Validated the sepsis predictive modeling using data from small animal testing within the program. 

Accomplishments/Planned Programs Subtotals 

D, Otb~[ Program Fyoglng ~umrnarx (I in Millions) 
N/A 

Remarks 

E. Acaulsition Strategy 
N/A 

F. Performanj;e Met~ 
Specific programmatic performance metrics are listed above tn the program accomplishments and plans section. 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2015 Defense Advanced Research Projects Agency !Date: March 2014 

Appropriation/Budget Activity R-1 Program Element (Number/Name) 
0400: Research, Development, Test & Evaluation, Defense-Wide I BA 2: PE 0602115E I BIOMEDICAL TECHNOLOGY 
Applied Research 

Change Summary Exolanation 
FY 2013: Decrease reflects Congressional reductions for Sections 3001 & 3004, sequestration adjustments, and the SBIRISTTR transfer offset by 
reprogrammings. 
FY 2015: Decrease reflects the end of the Revolutionizing Prosthetics program. 

C. Accomplishments/Planned :::P::ro=g~ra=m=s=(~S=i=n=M=I=II=io:::n:::s~) -------------------------+~F~Y~2~0~1~3-+~F~Y~2~0~1~4~~F~Y~2~0~1~5:...~ 
Title: Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPD 12.1751 28.852 • 23.550 

Description: The overarching goal of the Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPT) program is 
to increase our ability to rapidly respond to a disease or threat and improve individual readiness and total force health protection 
by providing centralized laboratory capabilities at non-tertiary care settings. ADEPT will focus on the development of Ribonucleic 
Acid (RNA)-based vaccines, potentially eliminating the time and labor required for traditional manufacture of a vaccine while at 
the same time improving efficacy. Additionally, ADEPT wiU develop methods to transiently deliver nucleic acids for vaccines and 
therapeutics, and kinetically control the timing and levels of gene expression so that these drugs will be safe and effective for use I 
In healthy subjects. ADEPT will also focus on advanced development of key elements for simple-to-operate diagnostic devices. A 
companion basic research effort is budgeted in PE 0601117E, Project MED-01. I 

I 
FY 2013 Accomplishments: 
- Demonstrated increased humoral and cellular responses with RNA-based vaccines as compared to benchmark vaccines in vivo. 
- Demonstrated increased efficacy of RNA-based vaccines in vivo in small and large animal models. 
- Developed device components (sample preparation and detection components) to enable diagnostic device capabilities in low-
resourced settings. 
- Developed device components (fluidic delivery and multiplex assay module) to enable diagnostic device capabilities designed 
for the remote clinic. 

FY 2014 Plans: 
- Demonstrate ability to manipulate the type of immune response induced by RNA-based vaccines. 
- Demonstrate ability to target delivery of RNA-based vaccines to specific cell types. 
- Develop novel methodologies to deliver nucleic acid constructs encoding one or hundreds of antibodies identified from 
immunized or convalescent patients. 
- Demonstrate delivery of nudeic acids that transiently produce multiple antibodies. 
- Perform quantitative comparison of room temperature assay methods appropriate tor integration in devices tor low-resourced 
settings. 
- Demonstrate initial component integration and define performance metrics for advanced diagnostic device prototypes suitable 
for operations in remote clinic and low-resourced settings. 

FY 2015 Plans: 

PE 0602115E: BIOMEDICAL TECHNOLOGY 
Defense Advanced Research Projects Agency 
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Exhibit R-2. RDT&E Budget Item Justification : PB 2015 Defense Advanced Research Projects Agency 

Appropriation/Budget Activity 1R-1 Program Element (Number/Name) 
0400: Research, Development. Test & Evaluation, Defense-Wide I BA 2: IPE 0602115E I BIOMEDICAL TECHNOLOGY 
Applied Research 

C. Accomclishments/Pianned Programs ($ in Millions) 
- Demonstrate ability to control the time duration of the therapeutic response suitable for clinieal use and rapid public health 
responses. 
- Investigate targeted delivery of nucleic acid constructs to specific ceO types. 
- Demonstrate feasibility for controlling pharmacokinetics and immunity modulation components to enable a more potent and 
broader immune response. 
- Develop designs for RNA-based vaccines to enable transition to human clinical trials. 
- Develop designs for initial diagnostic device prototypes, based on highest performing components. 
- Produce first-generation, integrated diagnostic prototypes designed for remote clinic and low-resourced settings. 
- Measure quantitative performance of first-generation, integrated diagnostic device prototypes and determine modifications 
required for performance improvements. 

ntle: Tactical Biomedical Technologies 

Description: The Tactical Biomedical Technologies thrust will develop new approaches to deliver life-saving medical care on 
the battlefield. Uncontrolled blood loss is the leading cause of preventable death for soldiers on the battlefield. While immediate 
control of hemorrhage Is the most effective strategy for treating combat casualties and saving lives, currently no method, other 
than surgical intervention, can effectively treat intracavitary bleeding. A focus 1n this thrust is the co-development of a materials­
based agent(s) and delivery mechanism capable of hemostasis and wound control for non-compressible hemorrhage in the 
abdominal space, regardless of wound geometry or location within that space. This thrust will also investigate non-invasive 
techniques and equipment to use laser energy to treat intracranial hemorrhage through the skull and tissues in a pre-surgical 
environment. Finally, in order to address logistical delays associated with delivering necessary therapeutics to the battlefield, 
this thrust will also develop a pharmacy on demand that will provide a rapid response capability to enable far-forward medical 
providers the ability to manufacture and produce small molecule drugs and biologics. 

FY 2013 Accomplishments: 
- Demonstrated a combined hemostasis agent and delivery mechanism that achieves hemostasis in less than four minutes and 
does not interfere with standards of care. 
- Assessed manufacturing costs and processes required for pilot-scale production of a Wound Stasis System. 
- At laboratory scale, synthesized in continuous flow the following Active Pharmaceutical Ingredients (APis): Diphenhydramine, 
Diazepam, Lidocaine, Fluoxetine, Ibuprofen, Atropine, and Doxycycline. 
- Demonstrated continuous flow synthesis of Diphenhydramine, Diazepam, Lidocaine, and Fluoxetine using an integrated 
manufacturing platform. 

I Date: March 2014 

FY 2013 FY 2014 FY 2015 

13.188 13.321 12.000 

- Designed and tested drug product crystallization and formulation for Diphenhydramine, Diazepam, Lidocaine, and Fluoxetine in J 
an integrated manufacturing platform. 
- Expressed protein therapeutics via fed-batch fermentation in both cell-free and cell-based systems. 
'--------------, 
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ElChiblt R-2, RDT&E Budget Item Justification: PS 2015 Defense Advanced Research Projects Agency 

A:Pproprbtion/Buclget AcUvlty R-1 Program Element {Number/Name) 
0400: ReseaJCh, Development, Test & Evaluation, Defense-Wide I BA 2: PE 0602115E I BIOMEDICAL TECHNOLOGY 
Appfled Research 

~lJ!Pt.iShiDJm:~Lf1Ann_~ra_ms: (SIn Millions) 
1Fi""is thrust i!> the capability for new portable spectroscopic techniques that can provide information for military medical use (e.g., 
analysis or traumatlc brain Injury) thalli supenor to that provided by an MRI. This need is ever increasing as researchers and 
sdenltSIS seek to better understand anatomicel, h.Jnctional, and cellular-level interactions. Finally, this thrust will allow safe, non-
invasive lo m1n1maDy trwaswe d~tectloo o1 rn;cros<:Oplc and functional alterations within tissues and organs of a living organism at 
ear1y stages or injwy. The advanced deveJopment of these tools will provide a formidable arsenal of diagnostic tools for warfighter 
peff0ll"'1ance and care. 

FY 2013 Accompllshrnenl$: 
- Measured lhe Quantum Orbital Resonance Spt~aroscopy (QORS) effect using the most sensitive experimental techniques to 
dale. 
- Tested competing theoretical models for the phyeicaJ basis of the QORS effect, and quantified the degree of hyperpolarization 
achieved undet varying Field strength, Ofbilal angular momentum (OAM) charge, and beam array size. 

FY 2014 Pfarts: 
- Design and fabricate bllU:ed, slacked. diffract.ve x-ray optics for integration into a pre-clinical imaging prototype. 
- Design and 1esl imaging and validation protocols for pre-clinical imaging prototype. 
- Oeveloo eleetrophysJotogfcal methods for simullaneous recording of multiple levels of abstraction in cortical/subcortical targets. 
- Identify candidate awroaches for real-tlme analysts and monitoring of brain activity during performance of behavioral tasks. 

FY 2015 Plans; 
- Investigate advanced Imaging teohno1ogies. suctl es three-photon fluorescence imaging, that will enable single neuron 
Spatrotemporal reso!ubon of deep brcdn regions.. 
• Demonstrate proof of concept for achieving single neuron spatiotemporal resolution for recording spiking activity from 1 0"5 
neurons in the cortex. 
• lnve:stlgale new Indicators and effectors ror single neuron spatiotemporal observation and control with high cell specifidty. 

Title: Dlalysis-Uke Therapeutics 

OUCiiption: Sepsis., a bacleriaJ infection of the blood stream. is a significant cause of injury and death among combat-injured 
soldiers. The goal of thts program is to develop a portable device capable of controlling relevant components in the blood 
volume on cltnk::ally reJevant time scales. Reachrng thts goal is expected to require significant advances in sensing in complex 
biologic ft.uids, comple)l Duid mani~~hon, separation of components from these fluids, and mathematical descriptions capable 
of provtd1ng pr-edu;tNe oontrol over lh.e dosed loop process. The envisioned device would save the lives of thousands of military 
patieflts eactJ year by effechVety treating sepsis and associated complications. Additionally, the device may be effective as a 
medical countermeasure against various ctlerracal and biological (chem-bio) threat agents, such as viruses, bacteria. fungi, and 
toxins. 

PE 0602115E: BIOMEDICAL TECHNOLOGY 
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Exhibit R-2, RDT&E Budget Item JustiO~tion: P8 2015 Defense Advaneed Research Projects Agency 

Appropriation/Budget Activity R-1 Program Element (NumberiNamel 
0400: Research, Develcpmen~ Test & Evaluation, [)(Jfe~~S&o'Mde IBA 2: PE OE021 15E I BIOMEDICAL TECHNOLOGY 
Applied Research 

~. Acc:omQ!IIbDllflllll!liiOD§jj f1211t1Dll (l iD Mllll!!llll 

Applied teseateh under this program fvllher develops and applies exlsUng COioipOI"ient tachnologies and then ln1egretes thll$& 
to create a complete blood purification system lor use In the trea1meo1 af sepsis. Included In lhls eflol1 Wl'l be dBVelopmer4. 
Integration and demonstration af non-footing, con11nuous sensots lor complex biological ftiM!a: lmplemenlation of hlgh-ftow 
mlctoftuidlc structures that do not require the use af anllcoagulatlon: appllcellon of Intrinsic sepsration technologies that do 
not require pathogen specific molecoiN labels or blndlng chemistries; and refinement of predlc:tlve mode&ng and control 
(mathematical formallsn) wtth sufficient fidelity to -ble agile adaptive dosed-loop tlletepy. The basic research pert of this 
program is budgeted lnPE 0601117E.. Project MED-01. 

FY 2013 Accomplishments: 
• Developed a systems lnt&gratlon plan, condl.lcled a ..-needs assessmenl and designed the preliminary systems architecture 
itlCOip<lr8tlng component separation technologies . 
• Developed appropoi818 animal models, confirmed regulalety plan. and initialed the regulatory approval process lor the 
integrllled device. 

FY 2014 Pqns: 
• lnlegrate biocompatltle hlgh-ftow ftuid manipulation and lniJinslc separation technologies lnto a breadboard device tor !he 
lleatmenl af sepsis • 
• Use feedback from lntlal animal model testing to Inform the development af an fnte9ratad device lor additlonal safety and 
efficac:y studies In a large-animal sepsis model. 
• Prooeed wtth regulatory approval process and lni~a1e plan lor otWestigatJonal device exemption submission. 

FY 2015 P'-ns: 
• Manufacture a protot}·pe device Chat Integrates label-free separation lechnologles. 11lgh-llow ftuidc architectures, and non· 
thrombogenic coatings for testing. 
- Evaluat& the effloacy :lf the label-tree sapamllon ledlnologles In a smaiJ..animal model . 
• Refine the prototype device des9'1 based on animal testing resulls to inform davelopment ot a standalone benc:htop Integrated 
device. 
• Pertorm safety and e11icecy studies in a larg&animal sepals model. 
• Initiate regulalety approval submission package wtlh safety and efflcacy data. 

T?.Ue:VVaniorVVeb 

Description: Musculos:<elet.allfiury and fatigue to the warfighter caused by dynamic !Mints on the battlefield not only Impact 
Immediate mission reaclness, but also can have a deleterious effect on lhe wartighlet throughout his/her ~fe. The VVarrior 
VVeb program wiU mill9ate that Impact by developing an adaptive, quasi-active. Joint support sub-system that can be lntegraled 

PE 0602115E: BIOMEDICAL TECHNOLOGY 
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Exhibit R-2A, RDT&E Project Justification: PB 2015 Defense Advanced Research Projects Agency Date: March 2014 

Appropriation/Budget Activity R-1 Program Element (Number/Name) Project (Number/Name) 
040012 PE 0602715E I MATERIALS AND MBT-021 BIOLOGICALLY BASED 

BIOLOGICAL TECHNOLOGY MATERIALS AND DEVICES 

COST ($ in Millions) Prior I FY 2015 FY 2015 1 FY 2015 1 Cost To Total 
Years FY 2013 FY 2014 Base OCO • Total FY 2016 FY 2017 FY 2018 FY 2019 Complete Cost 

MBT-02: BIOLOGICALLY - 35.517 41.510 78.976 - I 78.976 99.707 109.310 112.120 130.250 - -
BASED MATERIALS AND I I I DEVICES 

• The FY 2015 OCO Request will be submitted at a later date. 

A, Mi~siQD o~~~ri~tl2n and !;lydg!lt Item Ju~tlfi~~ti2D 
This project acknowledges the growing and pervasive influence of the biological sciences on the development of new DoD capabilities. This influence extends 
throughout the development of new materials, devices, and processes and relies on the integration of biological breakthroughs with those in engineering and the 
physical sciences. Contained in this project are thrusts in the application of biomimetic materials and devices for Defense, the use of biology's unique fabrication 
capabilities to produce structures that cannot be made any other way, the application of materials in biological applications, and the development of manufacturing 
tools that use biological components and processes for materials synthesis. Th1s project also indudes major efforts aimed at integrating biological and digital sensing 
methodologies and maintaining human combat performance despite the extraordinary stressors of combat. Finally, this thrust will develop new cognitive therapeutics, 
investigate the role of complexity in biological systems, and explore neuroscience technologies. 

B. A~~2mRii~bm~totslfiiDDtd f[Qgrnm~ (I in MIIII2DI) FY 2013 FY 2014 FY 2015 
ntJe: Neuroscience Technologies 9.0001 11.917 16.000 

Description: The Neuroscience Technologies thrust leverages recent advances in neurophysiology, neuro-imaging, cognitive 
science, molecular biology, and modeling of complex systems to sustain and protect the cognitive functioning of the warfighter 
faced with challenging operational conditions. Warfighters experience a wide variety of operational stressors, both mental 
and physical, that degrade critical cognitive functions such as memory, teaming, and decision making. These stressors also 
degrade the warfighter's ability to multitask, leading to decreased ability to respond quicldy and effectively. Currently, the long-
term impact of these stressors on the brain is unknown, both at the molecular and behavioral level. This thrust area will create 
modern neuroscientific techniques to develop quantitative models of this impact and explore mechanisms to protect. maintain, 
complement, or restore physical and cognitive functioning during and after exposure to operational stressors. In addition. new 
approaches for using physiological and neural signals to make human-machine systems more time efficient and less w011doad 
intense will be identified, developed, and evaluated. This thrust area will have far-reaching implications for both current and Mure 
military operations. with the potential to protect and improve physical and cognitive performance at the individual and group level 
both prior to and during deployment. 

FY 2013 Accomplishments: 
- Integrated human data on stress genes to determine human stress-related gene networks for targeting interventions. 

PE 0602715E: MATERIALS AND BIOLOGICAL TECHNOLOGY 
Defense Advanced Research Projects Agency 
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Exhibit R·2A, RDT&E Project Justlflcatlon: PB 2D15 Defense Advanced Research Projects Agency !Dale: Matl:h 2014 

Appropriation/Budget Activity R-1 Program Element (Number/Hamel Project (HumberfNaone) 
040012 PE oro2715E I MATERIALS AND M BT .021 BIOLOGICALLY BASED 

BIOLOGICAL TECHNOLOGY MATERIALS AND DEVICES 

D. A eeQml1111bmtntsl21aoned e[QIJ!1ml il lo MliliQIJI) 
- Translated genes an<l netwofks Identified In animals to humans usng high lhroughpul molecular data from population-based 
studies. 
- Determined blomatlun of alertness In active duty pet50<1nel with psyc:holog!cal heath problemsllraumatic brain lnfuty. 
- Correlated dlnlcal and psychological profiles of pallenls with post-traumatic stress disorder to neuta1 ne1wori<a. neurochemlcals 
and behavior for blomolker ldentlfiCatlal. 
• ldenUfied objealve rooasures of physical and cogniUve stoles througn the oppUcatlon ol lntagrated analytics and advanoecl 
computational techniques. 

FY 2014 Plans: 
- Determine genetic, epigenellc, end proteomic enanges unde~)'1ng vulnerabtlny to poet dedslon making In numans. 
• Develop toots and metrlca lOt evaluating lrl(ividual and group performance during close quarters combat tralnl11g and otner 
operationally relevantlrBining scenarios. 
- Exploh advances In complexity lheoly end pradlctlve models of tne brain and lnvestlgate new modeling metnods to develop 
tools and techniques thai can characterize end Improve cognitive petformanoe under stress at both the Individual end group level. 

FY 2016 Plans: 
- Exploh new data and recent advai'IC8$In functional Imaging. neurophysiology rtiODfdlng, molecular and neutal lmaging, 
oognillve science, and biology In conjunction wi1h emerging solutions In ni!IJrally enabled human-machine Interface technologies 
to enaracterize d)'lnamlcs of numan cognitive functions suet. as memory, learning, and dedsion making. 
- Initiate development d a unifying cross layer $ystem model of the brain cnarac:tertzln!l lunctions, dYnamics, molecular and 
anatomical slrudure of !he brain and their lnler-relallonships. 
• Explok recent adllancB$ In computational analyals, syslems 1dentitication, dale Intensive computing, end statistical Inference 
mettlods to develop ooMputa\lonal lools and oollaboraClve research plalform lor rapid analysis, val• dation. end lntegrntlal of 
computational models of the brain. 
- Initiate developmenl of • new hierarchical f~orlc for modeling and slrrMaUng slnJct\lre, lundion and emergent behavior In 
complex biological systems end blonetworl<s. 
- Creale engineered lnlestinal biomes thai respond to changes In critical net.I'Oiransmotter conceniJalions !hat control sense of 
wen-being and satiely a well as tnose thai influence lnlestlnalllealth and rubient uptake. 

rrlla: BioOeslgn 

Description: SloOesign will employ system engl,_;ng methods in combination with biotechnology and synthetic chemical 
technology to create ,_el beooflCial attribltes. BloOesign mltlgates the unpredictability of natural evo!utionort advancement 
primarily by advanced ~enetic engineering and rnoleaJiar biology techl1ologies to produce tne intended biological effect This 
thrusl area includes de$igned molecular responses thai increase reslslance to oelloAar death signals and Improved compulational 
meltlods for prediction of function based solely on sequence and strudure of proteins produced by synthetic biological systems. 
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Elchiblt R·2. RDT&E Budg~t lt&m J ust ification; PS 2015 Defense Advanced Research Projects Agency 

Approptiatlon/Budge1 Acllvlty R-1 Program Element (Number/Name) 
0400: Research, 06velopment. Test & Evaluation. Defense-Wide I BA 2: PE 0602716E I ELECTRONICS TECHNOLOGY 
AppllfHI Research 

C. ~omQliJhJneiJCs~!tnttd Prour~IJlUS.in.MIHio~ 
- Demonstrate appllcal:lon-oriented the:nnal1e.st vehicles to demonstrate the thermal benefits Of embedded microtluidic c:OOiing 
and model the anticipated aledricat performance based on these thermal results. 

FY 1015 Plans: 
• Demonstrate the full Implementation of the fundamental building blocks of evaporative intrachip/interchip cooling in relevant 
lheiT!lOJI test vehldes 
- Oernon:$trate appllcalion-ortented electrical tes1 veh!Cies to demonstrate the performance benefits of embedded microfluidic 
oooling and relate thc$e results to $y&leoHevel performance and s1ze, weight, power and cost (SWaPC) through the use of 
inttactup thermal management •echnologtes. 
TIUe: In vivo Nanoptal1orms (IVN) 

De!&cripflon: The· In vwvo Nanoplatfonns (IVNJ program seeks to develop the nanoscale systems necessary for m vivo sensing 
and physiologic monitoring and delivery YehiCie:s toe targeted biological therapeutics against chemical and biologrcal (chem-
bio) threat agents. The nanoscale eomponents to bO developed will enable continuous in vivo monitoring of both small (e.g. 
glucose tact~ne. and urea) and large mo4ecutes (e.g. biological threat agents). A reprogrammable therapeutic platform will enable 
tailorod lherapeut~c delivery to 6pecific areas of the body (e.g. cells, tissue, compartments) in response to traditional, emergent, 
and eng1n8$red threats, The key challen98S to developing these systems include safety, toxicity, biocompatrbility. sensitivity, 
re1tponse. a11d targeted <fe!Nety. The IVN program W1ll have diagnostic and therapeutic goals that enable a versatile, rapidly 
adaptable system lo provide eperat•onal support lo the warfighter in any location. 

FV 2013 Accomplishments: 
- Achl811ed a safe In vivo narwplalform senSOIIO detect one military-relevant analy1e (e.g. glucose, nucleic acids) in living cells 
andJor tissue with a robust sl{Jnal ror greater lhan one month. 
- Achle\'ed a safe and effective ,., vwo nanopJatform therapeutic to reduce a military-relevant pathogen or disease cofactor in 
ll•1ing ceDs by at least 50% 
• Facmtaled development of a regulatory approval pathway for diagnostic and therapeutic nanoplatforms. 

FY 2014 Pla.ns: 
- Actueve a safe In vivo nanopla!form s~nsor to detect two military-relevant analy1es (e.g. glucose, nucleic acids) in a small animal 
Wllh a robust signal for at least six months. 
- Achreve a saf'e end erted1ve .n vivo nanoplatfonn therapeutic to reduce a military-relevant pathogen or disease cofactor in a 
small arumaJ by at lea$t 70%. 
• Update regulatory approval path.vay of Identified sa~e and effective diagnostic and therapeutic nanoplatforms. 

FY 201 S Plans: 
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Exhibit R-2, RDT&E Budget Item J ustification: PB 2015 Defense Advanced Resean::h Projects Agenr;y 

Appropriation/Budget AC1ivlty R-1 Program Element (Number/Name) 
0400: Research. Deveiq>ment Test & Evslvatlon, Defens&-~e I BA 2: PE 0€02716E I ELECffiONICS TECHNOLOGY 
Applied Resealf:h 

C, Al<!<!m!l!lllbmtots/PiiDDill ell!miiiiiiiD Mllll!l~) 
- Achieve a sale in vivo nanoplatform sen50( to detect five milllary-<elevant analytes (e.g. glucose, nudelc acids) in a large animal 
wllh a robust signal lor at least twelve months. 
- Achieve a sale and e1Je<:tive in vivo nanoplalform thetapeutlc to reduce a milflaly-relevant pathogen 01 disease cofactor in a 
large animal by at least90%. 
- Update regulatory approval pathway wllh results from safely and efficacy testing. 

T1rle: Pixel Networl! (PIXNET) lor Dynamic Visualization 

Description: The PIXNi:T program addresses the squad level capabltity gap lor target detection. recogn11Jon and identlficaUon In 
all-weather and day/night missions. The vision of the program Is to offer the warfighter a smau and v&rSa.IUe infrared (IR) camern 
that would be affordable for individual soldiers and provide mulllple IR band imagery with fusion capability 10 take full advanlage 
of different wavelengll>-band phenomenology In a compact single unil In the future, 1he availabtllty of the PIX NET camera would 
enable a peer-to-peer networked system for image sharing w~hin a squad, thereby providing a better common operatlng picture 
of the battlefield and sig11ficantly enhancing the warfighter's situational understanding. The program alms to develop a low slze, 
weight and power (SWaP), low cosL soldier-portable muhiband Infrared cameta that will provide real-time single and multiple band 
Imagery using thermal end reftacted-lllumination bands. The camera will atso pi'OIIIde fused reftective and thermal band Imagery 
on demand. The use ol fused Imagery In the PIXNET deaign wtn allow the soldier to detect camounaged targets and distinguish 
targets from decoys. The PIXNET camera wlll eliminate limitations posed by currant capability, allowing detection, recognition 
and identJfication ol targets whether in daytight or no-fight conditions. 

The PIXNET program v.IU focus on a signficant. reduction In SWeP and cost of infrared sensor components to enable portaDility 
and ability to deploy widely to all participants In the theater. The emphasis on a small foml will naiUrally ~e new opportunities 
such as surveillance with small Urwnanned Aerial Vehicles (UAV)s. rille sights with multiple bands, and vehicle-mounted. 
helmet-mounted and handheld surveillance systems. Tho phenomenology of different infrared wavelengths will be exploited. 
The combination of a snlllt phone and PIXNET camera at the aoldiM level will enable more effe<:tive tactics, techniques and 
proc:ecUes (TIP) over the cun-ent capaliitity. The PIXNET ptogram lakes adilan!Age olll\e COMputing capal;llity of smtlit pi'IMes 
to process and fuse mtlticolor Images and send them as videos or still Images to the warfightefs helmet-mounted display via a 
wireless or wired connection. PIXNET capability could be further exploJted to enable a fully networked system. such as the Nett 
Wanior integrated multlple soldier systems capability, with mulll-speC1ral stil Image and video sharing. 

FY 2013 Accompl/sllments: 
- Conducted multlcolor lusion tests using &eparate video Imagery In visible, shortwave and longwave to determine 
phenomenological adVantages. 
- Identified several Key Perlormance Parameters (KPPs) fur the brass board deslgn of the PIXNET camera. 
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