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UNCLASSIFIED 

Exhibit R-2A. RDT&E Proj ect Justification: PB 2014 Defense Advanced Research Projects Agency DATE: April2013 

APPROPRIATION/BUDGET ACTIVITY R-1 ITEM NOMENCLATURE PROJECT 
10400: Research, Development Tesl & E¥a,uallon Defense-Wide PE 0601101 E: DEFENSE RESEARCH BLS-01: 810/TNFO/MICRO SCIENCES 
BA 1. BttsJC Resealdl SCIENCES 

&._&cornR'IIshmvntsiPiano~!lmlll in MIIIJ2M) 
• Demonstrated lhe utllrty of new compresswe measurement theory via improvements in imaging and radar applications. 

FY 2013 PIIJIIs: 
- Identify fundamental bounds on performance and cost associated with linear and nonlinear signal priors. 
• Oemonstrale novel reconstruction algorithms. that Incorporate both signal and task priors to enable improved reconstruction 
quality and/or reduced measurement resources. 
• Demonstrate visible Imaging us1ng 10x 1ewer measurements than reconstructed pixels. 
- Demonstrate RAOAA tmaging us1ng 1 Ox less bandwidth than a conventional non-compressive system. 
- ~olt the benefit ol adaplabon In ol'der to achieve additional reductions in performance and/or measurement resources. 
- ~piOil the benefit ot infcnna1~pt:imal measurements within a signals intelligence application. 

FY 2014 P.lan$: 
- Demof\strale hypet$pedfaf imaging usrl"g 100lc fewer measurements than reconstructed voxels. 
- EJcplore appHcallon o4 compreulve seMlng conoep1s to alternate sensing modalities such as X-ray imaging. 
- Investigate~ pOtential gains aveilable rrom compressive sensing w1thin a video application. 
- Lover age .advances In neurosc1enoe and nuurolog1cel measurements to develop predic:tJve. quantitative models of memory, 

FY 2012 FY 2013 FY 2014 

1eamjng, and neuro-phystologiC recovery 
----~-------------------------------------------------------------------------7------~------~~------~~ 

Title~ Physics In Biology 9.450 7.678 7.500 

Duct'lpt/on: Undefsteodlng the Jumlamenlal physical phenomena that under1ie biological processes and functions will provide 
new insight and unique oppol"lunlt•es ror underslar'td1ng biological properties and exploiting such phenomena. Physics in biology 
w.ll ~plore lhe role an<l ~ct of quantum elfectt~~ I" biological processes and systems. This includes exploiting manifestly 
quantun mechanical effed:S that eA!st In biological systems at room temperature to develop a revolutionary new class of robust, 
compact, high sensitivity and high seledlv•ty sensors. Finally, the quantum phenomena uncovered will be exploited to control 
the attracihon or Insects to humans With the poilentinl to completely eliminate insect bites and thus the transmission of parasitic, 
bacterial or v iral pathogens. 

FY 2012' A ccomptlshments: 
* De11etoped theory and performed slmula'tlons for I he transduction of the magnetoreception signal on the visual field. 
- Developed conoopts and initial designs ror sensors Inspired by biological quantum effects. 
- Developed a general theory for photosynthetc transport, govemed by a single parameter, that shows that it is an example of a 
qt.~anlum 'Goldilocks effect', i.e .• the degrea of quantum complexity and coherence is 'just righf for attaining maximum efficiency. 
- Formulated a new COBCe:PC c:A "e~onic c:irc:.&Jits • (thalt concentrate and direct excitons as in photosynthesis) and designed 
generic ~rcu1l elements. 

~-----------------------------J 
PE 0601101 E: DEFENSE RESEARCH SCIENCES 
Defense Advanced Research Projeds IVJetw:.Y 
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UNCLASSIFIED 

Ex:hlblt R-2A. RDT&E Project Justification: PB 2014 oerense Advancad Research Projects Agency jDATE: April2013 

APPROPRIATIO.N/BUOOET ACTIVITY R-1 ITEM NOMENCLI.TURE PROJECT 
0400· Research, Developmenl, Te.s1 & EvtJfuallon, Defense~ Wide PE 0601101 E. DEFENSE RESEARCH BLS-01 : B/01/NFO/MICRO SCIENCES 
BA 1 Basic Resea.teh SCIENCES 

a A_c:c:.9!!UiliJ.hro~mblPlanned Program• (Un Millions} 
- Verif~d that moleCUlar Vlbrnbons, and thus quantum effects, are essential to descnbing olfaction. 

FY 2013 PJ11ns: 
- Develop prototype synthetic senSOfs tnat utilize biologically insPired quantum et!ects and model their perfomlance. 
- Demonstrate the ability to contrQI quantum effeds in biological -systemS by reonenting magnelorecepllon lhrough lhe radical pair 
meehar'llsm using radio frequency 6elds-
- Demonstrate lhi3 ~logical artd evolutionary adVantage of quantum effecls rn photosynthetiC systems. 

FY 2014 PJ11ns: 
- Demonstrate prototype quantum biological sensors agairw.t their equivalent state-of-the-an sensor and quantity the increase in 
semutJvily, selec:tiv,ly and other petformcnce metnc&. 
- El(plore quantum physics-based meohanisms of mosquito bio-sensfng related to mosquito attraction to lhumans tor novel, 
vector-bam d~ease pmledion against diseases such as malaria or dengue fever. 

Accomplishments/Planned ProgTams Subtotals 

~oer program Fun{llng Symmact (S In MllltQIW 
NJA 

Remarks 

D. Acquisition Strat!J9)! 
NJA 

E. Performa.n~ MetrJe_1_ 
Specific p(ogrammatic performance metric:s are hsted above 11"1 the program accomplishments and plans sedlon. 

PE 06011 01E: DEFENSE RESEARCH SCIENCES 
Defense Advanced Research Projects Agency 

UNCLASSIFIED 
Page 1 or47 R·1 Line #2 

FY 2012 FY 2013 FY 2014 

30.463 39.6781 29.771 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2014 Defense Advanced Research Projects Agency I DATE: April 2013 

APPROPRIATION/BUDGET ACTIVITY R-1 ITEM NOMENCLATURE 
0400: Research, Development, Test & Evaluation. Defense-Wide PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
BA 1 : Basic Research 

C. Accom~li~bm§ntsiPianned Prog[am~ (I in Million~) 
- Develop models that predict the evolution of neural firing patterns following brain injury, and following the introduction of artificial 
neural connections aimed at facilitating recovery. 

FY 2014 Plans: 
- Demonstrate the ability of non-human primates to perform a dexterous sensorimotor task through the use of a neural interface, 
without the use of neural spike recordings. 
- Develop new methods of analysis and interpretation for measuring brain tissue alterations without the need for image 
reconstruction. 
- Develop novel technologies, such as optical/non-optical tools and cellular dyes, to detect the functional dynamics of a cell or a 
group of cells in the tissues and organs of a living organism in a non-invasive manner. 
- Develop methods of data analysis and interpretation that will allow the mathematical characterization of normal and abnormal 
cellular processes in situ. 

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

Description: The Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPT) program will develop the underlying 
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 nucleic acid circuits that continuously 
and autonomously sense and respond to changes in physiologic state and for novel me!thods 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 biomarkers 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 2012 Accomplishments: 
- Initiated development of modular and orthogonal nucleic acid-based elements for application within a sense-and-respond circuit 
operating within the context of a mammalian cell. 
- Investigated controlled expression in mammalian cells of synthetic circuit that responds to physiological biomarkers associated 
with health status. 
- Developed novel concepts and molecular approaches to enable deployable diagnostics. 

PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
Defense Advanced Research Projects Agency 

UNCLASSIFIED 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2014 Defense Advanced Research Projects Agency DATE: Aprd 2013 

APPROPRIATION/BUDGET ACTIVITY R-11TEM NOMENCLATURE 
0400: Research, Development, Test & Evaluation, Defense-Wide PE 0601117E: BASIC OPERATIONAL MEOfCAt SCIENCE 
BA 1: Basic Research 

C. Accomplishments/Planned Programs ($ i n Millions) 
- Developed novel reagents and materials for stabilizing self-<:allected biospecimens at room temperature for simple stiipmenf 
and storage. 
- Developed methods for sample preparation that require no operator manipulation and are consistent with point-of-need and 
point-of-care settings. 
- Developed new methods for signal amplification amenable to deployable diagnostics. 
- Investigated the ability of administered synthetic oligonucleotides to direct cells to produce elements of the immune rttspoose. 

FY 2013 Plans: 
- Demonstrate development of modular and orthogonal nucleic add-based elements for application within a sense-and-respond 
circuit that operates within the context of a mammalian cell. 
- Demonstrate controlled expression in mammalian cells of synthetic circuit that responds to physiological biomarkers associaled 
with health status. 
- Quantify sensitivity and specificity of developed molecular approaches designed for deployable diagnostics using phY'otOioglcal 
concentrations of clinically relevant analytes in complex btospecimens. 
- Quantify performance of biostabilization reagents/materials to evaluate analytical recovery of clinically relevant molecules as 
compared to traditional stabilization methods that require cold-chain storage. 
- Quantify performance of methods for room temperature analyses and reagent stabilizatton to demonstrate analytical results wilh 
similar-to-enhanced performance as compared to current laboratory methods for clinical diagnostics. 
- Quantify detection limits achieved with signal amplification methods to demonstrate performance superior to current stale or the 
art methods for quantification of low abundance biomarkers in an actionable timeframe. 
- Demonstrate performance of new sample preparation methods suitable tor simple and multiplexed analysis of biospedmens 
that are either self-<:allected under low-resource settings or collected by trained professionals at the physician-office settJngs. 
- Design integration of developed diagnostic methodologies. 
- Quantify the level of antibody and immunoadhesin production directed by the admmistration of synthetic oligonucleotides In 
comparison to standard vaccine delivery. 
- Investigate the impact of the antibody sequence on the therapeutic strength of tmmune response in vivo. 

FY 2014 Plans: 
- Demonstrate in mammalian cells the function of a synthetic circuit that can integrate multiple signals associated with health 
status and respond with a targeted change in cell function. 
• Demonstrate the ability to generate synthetic nucleic acid and protein circuit components that respond to an exogeOOIJSI)' 
supplied small molecule drug trigger. 
- Demonstrate in mammalian cells the function of an orthogonal, multi-functional nucleic acid-based circuit with sense-and­
respond functionality that responds to biomarkers of cell state. 
- Refine developed molecular approaches and develop targeted molecular assays designed for deployable diagnostics. 

PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
Defense Advanced Research Projects Agency 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2014 Defense Advanced Research Projects Agency !DATE: April 2013 

APPROPRIATION/BUDGET ACTIVITY R-1 ITEM NOMENCLATURE 
0400: Research, Development, Test & Evaluation, Defense-Wide PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
BA 1: Basic Research 

C, Accomplishments/Planned Programs ($ in Millions) 
- Demonstrate biostabilization reagents/materials with numerous biospecimen types and processing/fluidic approaches to be 
eventually integrated into disposable and on-person diagnostic devices. 
- Demonstrate methods for room temperature analyses and reagent stabilization with numerous biospecimen types and fluidic 
approaches to permit collection and transport of patient samples for diagnostic analysis. 
- Demonstrate signal amplification methods in conjunction with processing/assay methods. 
- Demonstrate developed sample preparation methods in conjunction with simple and multiplexed analysis of biospecimens 
representative of those either self-collected under low-resource settings or collected by trained professionals at the phystcian­
office settings to assist the diagnosis of an individual. 
- Demonstrate delivery of synthetic oligonucleotide constructs to cells appropriate to produce an antibody response. 
- Demonstrate antibody and immunoadhesin production targeted to specific disease classes. 
- Optimize antibody sequence for maximal therapeutic strength of immune response in vivo. 

ntle: Dialysis-Like Therapeutics 

Description: Sepsis, a bacterial infection of the blood stream, is a significant cause of injury and death among combat-injured 
soldiers. The goal of this program is to develop a portable device capable of controlling relevant components in the blood 
volume on clinically relevant time scales. Reaching this goal IS expected to require Significant advances in senstng in complex 
biologic fluids, complex fluid manipulation, separation of components from these fluids, and mathematical descnptions capable 
of providing predictive control over the dosed loop process. The envisioned device would save the lives of thousands of military 
patients each year by effectively treating sepsis and associated complications. 

Initial basic research will develop the component technologies that will ultimately make up the integrated device. Included in this 
effort will be the development of non-fouling continuous sensors for complex biological fluids; design of high-flow microfluidic 
structures that do not require the use of anticoagulation; development of intrinsic separation technologies that do not require 
pathogen specific molecular labels or binding chemistries; and predictive model1ng and control (mathematical formalism) with 
sufficient fidelity to enable agile adaptive dosed4oop therapy. Applied research efforts are budgeted in PE 0602115E, Project 
BT-01. 

FY 2012 Accomplishments: 
- Achieved detection over 10 days of ricin toxin B chain in whole blood using a surface enhanced Raman spectroscopy (SERS) 
substrate tunctionalized with degradation-resistant aptamers. 
- Flowed whole blood at 3 Llhr for 60 minutes without clotting in specially functionalized medical tubing. 
- Removed > 80% of pathogens and inflammatory molecules from flowing blood using label-free separation technologies. 
- Improved the outcome of 7x more virtual patients as compared to static treatment using a 4-state predictive control model. 

FY 2013 Plans: 

PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
Defense Advanced Research Projects Agency 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2014 Defense Advanced Research Projects Agency jDATE: April2013 

APPROPRIATION/BUDGET ACTIVITY 
0400: Research, Development, Test & Evaluation. Defense-Wide PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 

r -11TEM NOMENCLATURE 

BA 1: Basic Research 

C. Accom~ll~bment~Pianned frogn~m~ (I in Millions) 
- Improve sensing technologies to achieve continuous detection of pathogens and biomolecules in flowing blood, blood 
components, and wound fluid. 
- Refine microfluidic architectures and coatings for continuous blood flow without platelet activation or clotting. 
- Enhance label-free separation technologies to successfully remove pathogens and select bioagents from blood or blood 
components. 
- Validate the sepsis predictive modeling using data from small animal testing within the program. 

Accomplishments/Planned Programs Subtotals 

D. Other frogram Funding Summa~ (I in Millions} 
N/A 

Remarks 

E. Acquisition Strategy 
N/A 

F. Performance Metrics 
Specific programmatic performance metrics are listed above in the program accomplishments and plans section. 

PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
Defense Advanced Research Projects Agency 

UNCLASSIFIED 
Page 6 of 6 R-1 Line #4 

FY 2012 FY 2013 FY 2014 
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UNCLASSIFIED 

Exhibit R4 2, ROT&E Budget Item Justification: PB 2014 Defense Advanced Research Projects Agency CATE: AprU2013 

APPROPRIATION/BUDGET ACnYITY R-11TEM NOMENCLATURE 
0400: Re.sesrch Oeve.Jopment, Test & Evaluation, Defense-Wide PE 0602115E: BIOMEDICAL TECHNOLOGY 
BA 2~ Appked Researm 

C~&k.OmD.I§h~Le.IJ..!!ned Pr:onr.J!'M C$ in p.tilll2M} FY 2012 1 FY 2013 FY 2014 
- ---f-

- Developed high sens.hvity ootofn'T'Iettic and elearrcal detection approaches of advanced instrumentation approaches for 
autonOn'lous d•agnosties that Will bit deployed as e!lher on-person devices, or used at the point-of-care. 

FY ~13 Plans: 
- Demonstrate Increased humoral and cellular responses with RNA-based vaccines as compared to benchmari< va~nes '"VIVO 

- Demonstrate Increased efficacy of RNA-based vacanes in vivo in small and large animal models. 
- Demonstrate quantllauve performance metrics for device components (sample preparation/reagent delivery/detection 
components) 1o enable d~agnoslte dev1ce capabdaUes rn the remote-clinic and low resourced settings. 

FY 2014 Plans: 
• DeiTIOI'lStrate quanUlslJVe petformanoe me tries fCK integrated components developed to demonstrate capability toward 9 
compfete diagnostic device prototype. 
• Demonstrate abl~ty to manipulate typed 1mmune rASponse induced by RNA-based vaccines. 
- Demonstrate ablhty to target dekvery of RNA-based vaccines to specific cell types. 
- Develop novel metlilodologles ~o deliver nucleiC aoo constructs encoding one or hundreds of antibodies identified from 
Immunized or convatescenl patlenLs. 
- Demonstrate lmmedla1e btoad spectrvm lra'ls.ienllmmune prophylaxis in host via delivery of nucleic acids that trans.entty 
produce mulbple antibodies~ 

11ti•:Tactlc:al8Jomedical Technologies 18.223 15.500 13.321 

Description: The TacllcaiBiomedic:aJ Technologies thrust will develop new approaches to deliver life-saving medical care on 
the baltlefield. Uncontrolled blood loss is the leading cause of preventable death for soldiers on the battlefield. While tmmedlale 
control of hemorrhage I~ the most effective stra1egy ror treating combat casualties and saving lives, currently no method other than 
surgical ~ntervention can etfed•valy treat mlraca'.'1lary bleeding. A focus in this thrust is the co-development of a materlats.based 
agent(s) and delivery mectuln1sm capable or damaged tissue-targeted hemostasis and wound control. This system wtll effectwely 
lrea~ compressible and non-compressible wounds regardless of geometry or location. Additionally, rapid response to emerging 
bio!ogicallhreats on I he baltlefield is 1mpaded by logistical delays of delivering the necessary therapeutics. Creating a •pharmacy 
on demand" will enable rar.forward medical prcMders to manufacture and produce small molecule drugs and biologics in Ol'det to 
ensure thai the lherapeubcs are av.atlable when I hey need them. Another effort will develop assessment toots to identJfy soldiers 
In mal hme who represent depression and suicide nsk by identifying speech biomari<ers. This project will also develop new 
algorithms, protocols, and methods to allow regstralion and comparison of disparate sources of data in biology (across species 
experimental sys1ems. hierarchies and populations). 

FY 2012 Accompli$hment.s: 
- Demonstrated hemostasis agent stabilrly consiStent with operational requirements. 

PE 0602115E: BIOMEDICAL TECHNOLOGY 
Defense AdVanced Rese-arch Prqects Agency 

UNCLASSIFIED 
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UNCLASSIFIED 

Exhibit R-2, RDT&E Budget Item Justification : PB 2014 Defense Advanced Research Projects AQency 

APPROPRIATIONJBUOOET ACTIVITY R-11TEM NOMENCLATURE 
0400: Research, Oeveropment T9St & Evalualion, Defense-Wide PE 0002115£: BIOMEDICAL TECHNOLOGY 
BA 2: Applied Reseercll 

~.A,I<IlllllllllbmtntslfltDOid e[l!g!JJ!m li ID Mllllool) 
- Investigate options for broadband nuclear magnellc resonance detection ror the simiAtaneous acquisition or munipje nuclear 
species. 

FY 2014 Plem: 
• Design a compact prototype device for perfonnlng novel MRI~Ike Imaging and spedrosoopy using quantum orbital resonance 
spectroscopy (QORS) h mn~ary medical environments. 
- Obtain neurocllamlca spectra using QORS technique, 

ntJe: Dlalysis-Uke Therapeutics 

Descrlpfjon: Sepsis, a baclenal lnfection ol the blood stream, Is a slgn!Qcant cause of Injury and death among oornbat·injured 
soldiers. The g08I of tlis program Is to develop a ponable device capable of conlroiOng relevant components In the blood 
volume on clinically relevant time scales. Reaching this goal is expected to req\ire significant advances In semlng In complex 
biologic ftulds, complex fluid manlpulaUon, separation ol components !rem these ftiAds, and mathematical descriptions capable 
of providing predictllle control over the closed loop process. The envisioned device would save the tives of thousands of military 
patients each year by eJfectlvely treating sepsis and associated compllcatlons. 

Applied research under this program further develops and applies existlng componenl technologies end then Integrates these 
to create a complete blood purification system for use In the treatment of sepsis. Included in this effort wiU be developnent, 
Integration and demonstration of non-fouling, continuous sensors for complex biological fluids; Implementation of high-ftow 
microfluldlc slructures that do no1 require the use ol ar\llcoagulallon: application of Intrinsic separation technologies that do 
not naqt.ire pathogen specific molecular labels or binding chemistries; and refinement of predlc1ille modeling and conlrol 
(mathematical formalism) with suffiCient fidel ity to enable agile edapUve clos~oop therapy, The basic research part of this 
program Is budgeted In PE 0601117E, Project MED.Q1, 

FY2012 Accomplishments: 
- Evaluated existing sensing, microftuldlc flow, and intrinsic separation oomponent tecmologles for use in an Integrated blood 
puTiRcation system and initiated A~search plan to achieve significant improve men Is in line with the OV8fa0 program goals. 
- Initiated Integration pan for c:ompoo 1001 technologies developed In the basic research aspect of this program. 
- Identified a regulator) pathway leading to an approved Integrated device. 

FY 2013 Plans: 
- Refine integration strategy, develop a bread-board system, and demonstrate br'eadoboard system. 
- Develop appropriate animal model$, coo finn regulatory plan, and begin regulatory approval process for the Integrated device. 

FY 2014 Plans; 

PE 0602116E: BIOMEDICAL TECHNOLOGY 
Defense Advanced Research ProjeciS Agency 
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Exhibit R-2. ROT&E Budgst ltom Justification: PB 2014 Defense Advanced Research Projects Agency !DATE: April2013 

APPROPRIAnONIBUDGET ACTIVITY R-1 ITEM NOMENCLATURE 
0400 Research, DevelOpment, Test & Eva/JI9tion, Defense-Wide PE 0602115E: BIOMEDICAL TECHNOLOGY 
BA 2: Applied Research 

C. Ac'2,mpl ls !ru'nts/e_tannQStf.Lo_grams ($ lo.MIII!ons} FY 2012 FY 2013 FY 2014 
- tl"'tegrale cot'ltlrluoos S&O$Irtg, biocomuup~a~ti~D~Ie~hl:':. ~g~h-':fi~Ow~flt-u-,-id.--m_a_n7ip-u'la-:ti-:-. o-n-, .,..in-ctn-,-. n-s-,-ic- se_p_a_r_a';':'tio- n--;-fr_o_m_c_o_m_p-;1-ex--..flu.l d, -a-n---:d--p-re-d-..i,-ct;-;-iv-e- 1-----+- - ---1---- ----1 

modeling and contt0l1n a prototype device for the treatment of sepsis. 
- Use feedback from Initial animal modellesting to 1nform the development of a prototype device for additional safety and efficacy 
stud1es in a large ar'limal model. 
- Contlnue regulalor:y approval process and initiate plan for investigational device exemption submission. 

Title: Warrior Web 

Oescnption: Musculoskeletal injury a nd fatigue to the warfighter caused by dynamic events on the battlefield not only impacts 
immedlale misseon readiness, but also can ha.,.~ a deleterious effect on the warfighter throughout his/her life. The Warrior Web 
progtam will mrtlgate that rmpact by develOping an adaptive, quasi-active, joint support sub-system that can be integrated into 
current soldier systems. Because this su~ystem will be compliant and be transparent to the user, it will reduce the injuries 
51..5lained by warfighters while allOWing them to mainta in performance. Success in this program will require the integration 
of component technologies in ar~ such as regeneralive kinetic energy harvesting to offset power/energy demands; human 
performance, system, and compor1enl modeling; novel materials and dynamic stiffness; actuation; controls and human interface; 
and power dlstnbuttonlenergy s torage. The final sull is planned to weigh no more than 9kg and require no more than 1 OOW of 
extema' power. AIIO'Ning the warftgl1tet to r;>tirf()(t'll their missions with reduced risk for injuries will have immediate effects on 
m&ion readiness. soldier survNabUity, m~~lotl performance and the long-term health of our veterans. This effort was previously 
runded •n the Maintaii"Ung Combat Pertormance Thrus~ in PE 0602715E, Project MBT-02. 

FY 2013 Plans: 
• Complete injury assessment and componem technology integration into open source biomechanical model. 
- Complete initial verilicatlort and validalloo of component technologies in military environments. 
- Conduc:l Preliminary Des'Qn Review 10 c:lemonstrate that individual component technologies (e.g., energy, actuation) can be 
Integrated to meet Warrior Web performance requirements. 

FY 2014 Plans: 
- Leverage open source biomedlanical model to Iterate design. 
- Complele component technology based on results of Preliminary Design Review. 
- Initiate design ot hAl Warrior Web Including integration into current solider system. 
- Conduc1 Critical Design R.evjew of tull Warrior Web solider system combination. 

Tlfle: Revolutionizmg Prosthetics" 

0e$Crlptlon: "Preowiou$ly funded in PE 0602715E, Project MBT -02. 

PE 06021' 15E: BIOMEDICAL TECHNOLOGY 
Defense Advanced Research Projects Agenc~ 
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DATE: April 2013 Exhibit R-2A.. RDT&E Project Jus11r1cation: PB 2014 Defense Advanced Research Projects Agency 

APPROPRIATJONJBUDGET ,ACTIVITY R-1 ITEM NOMENCLATURE PROJECT 
0400: Resean:h, Devei()IJment. Tesl & Evalualion. Defense-Wide PE 0602715E: MATERIALS AND 
BA 2: Applied Research BIOLOGICAL TECHNOLOGY 

MBT -02: BIOLOGICALLY BASED 
MATERIALS AND DEVICES 

Cost To Total 
FY 2017 FY 2018 Complete Cost 

55.085 55.835 ~ontinuing Continuing 

• FV 2013 Program is from the FY 2013 President's Budget, submitted February 2012 

• The FY 2014 OCO Requesl will be subfmtted Bl a later date 

A...Mlnlo.o_D.Qcrht1to.IL• o clB.u.dtp..l:.boro J.u:stifi.catlo.n 
ThJS proJect ac.knowtedges the growing and pe:r~as1ve influence of the biological sciences on the development of new DoD capabilities. This influence extends 
throughout Che devalopmenl of new matenats, deVlces, and processes and relies on the integration of biological breakthroughs with those in engineering and the 
phys~cal sdences. Contained 1n this project are thrusts in the application of biomimetic materials and devices for Defense, the use of biology's unique fabrication 
capab~ibes to produce structures lhat camol 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. This project also indudes major efforts aimed at integrating biological and digital sensing 
methodologies and malrQlning hl.man combat performance despite the extraordinary stressors of combat Finally, this thrust will develop new cognitive therapeutics, 
and e~ptoc'e netJrosclence technologies. 

8 , Accomoti.J~mentAIPI•Med_frggGI!rM1$ 1n..MJ.lHo.M) FY 2012 FY 2013 FY 2014 
~~~~~------------------------------------------~~~~~~~~~~~~~ 

ntJe: Neurosdenco TedvlologteS 10.827 1 10.0001 8.000 

Ducrlptlon: The NeuTOSdence Technologies thrust leverages recent advances in neurophysiology, neuro-imaging. cognitive 
science, and molecular biology to susl.aln and protect the cognitive functioning of the warfighter faced with challenging operational 
condlt~ons. Warfighters experiem:e a Wide 11tuiety of operational stressors, both mental and physical, that degrade critical 
cognitive functlons such as memOI)I, leamlng, and decision making. These stressors also degrade the warfighter's ability to 
mutt"esk, leading 10 deoreased abilily to respond quickly and effectively. Currently, the long-term impact of these stressors on 
the brain is unlc.oown, both 8l the moleaJJar and beha~tioral level. This thrust area will utilize modem neuroscientific techniques, in 
conj\Jnclion with emerging soluttons In neurally enabled human-machine interface technologies, to develop quantitative models of 
1his Impact and explore mechan•sms to pro1ect, malntain, complement, or restore cognitive functioning during and after exposure 
to operational stre~sors. In addition, new approaches for using neural signals to make human-machine systems more time 
effiaent and less worldoad 1ntense wlll be tdentJfied, developed. and evaluated. This thrust area will have far-reaching implications 
for both current and fUture mihtary operations, with the potential to protect and improve cognitive performance at the individual and 
group level bath prior to and dt.Uing deploymenl. 

FY 2012 Accomplfs.hments: 
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Exhibit R· 2A, RDT&E Project JLtStificatlon: PB 2014 Defense Advanced Research Projects Agency 

APPROPRIATION/BUDGET ACnVITY • R-1 ITEM NOMENCLATURE 
0400: Research. DeveiCipl11iJilt, Test & Evaluation, Defense-Wide IPE 0602715E: MATERIALS AND 
SA 2: AppJIIXJ Rese.a~ BIOLOGICAL TECHNOLOGY 

I OATE: Apnl2013 

PROJECT 
MST .02. 8/0LOGICALL Y BASED 
MATERIALS AND DEVfCES 

P Aec.omollsb~lfi!(lo!Sf PL(.)AtiJIYtl$ in II !:W ""j:-y 2012 I FY 2013 I FY 2014 -
- Began tecol"'$trltebog a multr-sea!e netwonc Tinl(ed 10 specific stressors and stress response systems using integrated 
cpigenet•cs. genetics, quanbt&bve model building, biornformatics, and computational biology approaches. 
- C<Jntlnued mOdeting and verfficalJon of causaJ factors and relationships between variables in the complex systems and networl<:s 
lnvdved In the response to stress and the atibty to resist stress. 
- Modulated genes and pathways mechaling acute and chronic stress-induced dysfunction in circuits for reward, fear, and habit 
learning lor redud1on o1 stress-related dysfunction In animal models. 
• Developed ancl•mplamen1ed lntervenl1ons tor prevention of stress-induced cognitive dysfunction in animal models of acule and 
c!Yonic stress. 
- Expandoct studies ot stress-related dysfunction to Include identifying gene. network and specific brain region dysfunction as 1t 
relates to suPcide. 
- Ocmon$lrated quantitative btoc:hcmical measurement of the impact of stress in real-time through development of advanced 
bloseosors. 
FY 1013 Pfarts: 
- lnteg(ale hurMn data on sltess genes to dele.nnne human stress-related gene networks for targeting interventions. 
• Translate genes and netwOrks ldemlfied In animals to humans using high throughput molecular data from population-based 
studtes. 
• De1erm1ne biomarkers of aler1ness In act.ive duty personnel with psychological health problems/traumatic brain 1njury. 
• Re:tate dintcal and psydlofoglcal profiles of patients with post-traumatic stress disorder to neural networks, neurochefnlcals and 
behavtor for blomarker tdentlficaUon. 
• Develop em,pmcaBy vatJdated lnteNent1on stmteg~e.s to include stress reduction (exercise, meditation), stress inoculation {VIdeo 
tratnfoglhyperreallst&c train11'1g) and/or pharmac.ologtcal interventions, while maintaining performance . 
• Identify oblecbve measures of physical and oognttive states through the application of integrated analytics and advanced 
computational techniques. 

FY 2014 Pfans: 
- DEilermlne geootic, eplgenetie, and proteonrlic changes under1ying vulnerability to poor decision making in humans. 
- Exploit advances in the predict.I'IO mOdels or the brain to develop tools and techniques that can improve cognitive perlonnance I 
under stress at both tho Individual and group level. 

Tltf•: BfoOeslgn 

OU~rlptjon: B1o()esjgn Will employ system engineering methods in combination with biotechnology and synthetic chemical 
technology to aeate nove! beneficial attribotes. BioOosign mitigates the unpredictability of natural evolutionary advancemen1 
primarily by advanced genetrc engifleenng and molecular biology technologies to produce the intended biological effed. Thi:s 
lhrusl area lndudes designed moleoolar responses lhat increase resistance to cellular death signals and improved compulallooal 
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Ellhibit R-2, RDT&E 81dget Item Justification: P8 2014 Defense Advanced R-rch Projec1S Agency 

APPROPRIATIONIBUOOET ACTIVITY R-1 ITEM NOMENCLATURE 
0400: R~esteh, Development, Test & Evaluation, Defense-Wide PE 0602116E: ELECTRONICS TECHNOLOGY 
BA 2: Applied ResearctJ 

'· .Aso!i!!mi!IIJbm!!DlJI~I~noed etl!llc~mt !S l!l MIIII!!D!ii 
- Demonstrate proof of concept of fundamental building blocl\s of lntmchlp thermal management Including m•ctofabricatloo 111 

relevant electronic sobWates lWld preliminary lhermofluld results. 
- Prepare and refine intiallhermal models of intrachip cooling to explain and predict experimental results. 
- Demonstrate benefits to systellHevel perlonnance and slze. weight, power, and OO$l (SWaP C) through the use of lntrachip 
t.hetmat management technologies. 

nue: In vivo Nanoplatfoons (IVN) 

Oescrlpllon: The In vlw Nanoplaltorrns (IVN) program seeks to develop the nanoscale systems necessary lor In vivo sensing 
and physiologic rncnltodng and delivery vehicles for targeted bio4ogjcal thenlpeutlcs. The nanoscale components to be developed 
wll enable continuous In vivo monitoring of both small (e.g. glucose. lactate, end lA'ea) and large motecUes (e.g. biological 
l.hteat agents}. A reprogrammable therapeutic platform w!B enable tailored thenlpeutic deftvery to specifiC areas of the body (e.g. 
cells, tissue, compartments) in response to trad~iooal . emergent. IWld engineered threats. The key chaUenges to developing 
these systems Include safely. toxicity, biocornpatibnity, sensitivity, response, and targeted delivery. The IVN program wll have 
diag~tlc and therapeutic gc>iils that enable a versatile, rapidly adaptable system to provide operational support to the warf~ghter 
In any locallon. 

FY 2(H 3 Plans: 
• Achieve a safe In vivo nanoplatform sensor to detect one milrtary-relevent enalyte (e.g. glucose) in living cells for one rnor4h. 
- Achieve a safe In 11tvc nanoplalfonn therapeutic to reduce a m Qitary-retevant pathOgen or disease cofactor In living cells by SO%. 
- Facllhate devetoprnerl of a regulatory approval pathway for diagnostic and therapeutic nanoplalforms. 

FY 2014 Plans: 
- Achieve a safe In -Avo nanoplatform sensor to detect two mflitat)'-felevant analyles (e.g. glucose. pathogen) In a small animal lor 
six months. 
• Achieve a safe In -Avo nanoplatform therapeutic 1o reduoe a mQitary-relevant pathogen or disease cofactor i'l a small animal by 
70%. 
- Begin to obtaln regul&tory approval ollden1ified sale and effectlve diagnostic and therapeutic nanoptalforms. 

T1t!e: Pixel Network (PIXNET) lor Dynamic Visualization 

Description: The Pixel Network for dynamic visualization (PIX NET) program addresses the squad level capabinly gap lor 
tatgel detection. recogrition and ldentifiCBtion In all weather and day/night missions. The vision ol the program Is to offer the 
warflghter a sman and IIOrSBdle infrared (IR) camera lha1 would be affordable to indlvidual so4diers and provide multiple IR band 
imagery with fusion capability to take full advantage of different wavelength band pheoomenology In a oompacl slngle unit. In the 
future, the availabil ity ol the PLXNET camera would enable a peer·to-peer networked system ·for Image sharing within a squad, 
thereby providing a bet18r oommoo operating plctlA"B ol the balllefield and significantly enhancing the warflghter's situational 
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I DATE: April2013 

FY 2012 FY 2013 FY2014 

0.000 5.000 18.500 

0.000 15.000 22.700 
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