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Exhibit R-2A, ROT&E Project Justification: PB 2013 Defense Advanced Research Projects Agency I OATE: February 2012 

APPROPRIATION/BUDGET ACTIVITY R·1 ITEM NOMENCLATURE PROJECT 
0400: Research, Deve/oproon~ Tesl & Evaluation, Defense-Wide PE 0601101E: DEFENSE RESEARCH BLS.01: BIOANFOIMICRO SCIENCES 
BA 1: Basic Researr:h SCIENCES 

a. A'!<!!ml!lllb!llfloiS/I>II!ll!til flllQrimli I~ In Mll!lQDI) 
• lnvesllgated novel fomls of prtor knowledge In order to fmpro~~e sparse signal sampling. 

FY 2012 PI•M: 
• Develop deleaed mathematical prior-l<nowledge representations and essocialed models for Imaging and radar applications. 
- Exploit the new theoretical measurement framework together with novel forms of prior knowledge In order to minimize ~ 
requirements and maximize Information gathering, from sparse sampling. 
- Demonstrate the utility of new compressive measurement theory via improvements in imaging and radar applicalions. 

FY 2013 PI•M: 
- Identify fundamen1al bounds on performance and cost associated with linear and nonlinear signal priors. 
- Demonstrate novel reconstruclion algolithms thai incorporate both signal and task priors to enable improved reconstruction 
quality andlor reduced measurement resources. 
- Demonstrate visible Imaging using 10x fewer measurements than reconstructed p!xels. 
- Demonstrate RADAR imaging using 1 Ox less bandwidth than a conventional non-<:Ompressive system. 
- Exploll lhe benefit ol adaptation In order to achieve additional reductions In performance andlor measurement resources. 
- Exploit the benefit ol Flformatlon-optlmal measurements within a signals tntelhgetiCOI appllcallon. 

Tltfe: Physics In Biology 

O.SCrlption: Understanding the fundamental physical phenomena that undef1le biological processes and funcllons will provide 
new Insight and unlqueopportunalos for undemanding biological propenles and exploiting such phenDn*\3. Physics In biology 
wiU explore the role and Impact of quantum effects In biological processes and systems. This Includes exploiting manlfeslly 
quantum mechanical ef!ec1s that exist In biological systems al room temperatura to develop a revolutionary new dass of robusl, 
compact, high sensitivity and high selectivity sensors. Investigation Into quantitative neurophyslcs will examine new modalities for 
blologicallnjwy IM>Ich ClOUid yield a new class of non-invasive medical Imagers. 

FY 2Q11 A't:0111pllshments; 
- Developed a quantum theory for the transport of exeilons In photosynthetic systems and for magnetoreoaption In birds based on 
a radical pair mechanism. 
- Experimentally demon&trated coherentltansport In a phofosynlhetlc system at m K (ambient temperature). 
- Experimentally demons! rated that fruit flies can distinguish Isotopic modification of odorant at room temperatura. which Is 
consistent with the predicted vibrational olfaction mechanism. 
- Developed new quantum process tomography technique for room temperature analysis of photosynthetic systems that 1$ 1 OOOx 
fNter !han curront techniques. 

PE 0601101E: DEFENSE RESeARCH SCIENCES 
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Exhibit R·2A, RDT&E Project Juslificallon: PB 2013 Defense Advanced Research Projectsl'\gency I DATE: February 2012 

APPROPRJAnONJBUOGET ACTIVITY R·1 ITEM NOMENCLATURE PROJECT 
0400: ResOOtr:h, Development. Test & Evaluation, Defense-Wide PE 0601 101E: DEFENSE RESEARCH BLS-<l1 : 8/0ANFOIM/CRO SCIENCES 
BA 1: Basic Research SCIENCES 

B. A~!!mRIIIbmaolll~l~ooiSI i![Q9[i!ml (l lo MllllPml 
• Developed broadband cavity-«lhanced absorption speclroscopy technique for measurement of the response of the putaUve 
magneto receptor protein (ayptoctvome) In the low-field (10 mi=T) regime. 

FY 2012 Plan$: 
• Estallllsh that magi'ICllorecepllon is transduced through a biological quantum effect. 
• Develop concepts and designs for sensors inspired by biological quantum effects. 
• Experimentally probe the limits of biological sensors' exploila~on of the quantum effeets. 
• Demonstrate the blol<>gical and evolutionary advantage of quantum effects In phote»ynthetic systems. 
• Verify that molecular vl'bratlons, and thus quantum effects, are essen6al10 describing olfaction. 

FY 2013 Plans: 
• Mode! the performance of synthetic sensors lhalumtze quantum effects. 
• Demonstrate the improved performance of synthetic sensors that exploit biologically Inspired quantum effects. 
• Demonstrate the ability to control quantum effects in biological sy!.tems by reorienting magnetoreceplion through the radical pair 
mechanism using radio frequency fields. 
• Develop a theory of ofactlon that combines quantum and non-quantum effects. 

rru.: Human Assisted Ne<.~ral Devices • Medical 

Oucrlptlon: The HurNn Assisted Neural Del/lees program Is developing the saentifiC foundation IO<' understanding the language 
of the brain for application to a variety of emerging DoD challenges. Including Improving performa~~c:e on the battlefoeld and 
returning active duty miliary to their units after Injury. This requires an understanding of neuroscience, significant computational 
effo<ts, and new matenal design and Implementation. Key advances expected from \Ms research Include determining the nature 
and means th101J9h which short-term memory is encoded, and discovering the mechanisms and dynamics undertylng neural 
computation and reO<'gMlzation. These advances wfll enable memory restoration through the use of devices programmed to 
bridge gaps in the Injured brain. FUIIher, mOdeling of the brain progresses to an unprecedented level wHh this novel approach. 
The programs funded under the Hl1113n Asslsted Neural Devices are continued In Budget ActMty 6.1 Medical Program Element 
0601117E, In FY 2012 and S<bsequent years. 

FY 2011 Accomplishments: 
• Demonstrated improvement of memory relrleval accuracy and speed through use ol pattenned neural stimulation In animal 
studies. 
• Identified homogeneity of neural codes Involving long-term memory In different animal models conducting slmiar memory tasks. 
• Modeled dynamic luo:tlonal motor and sensory networ'ks and developed methods for characterizing brain-wide sensory/motor 
tasks. 
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Exhibit R-2A, RDT&E Project Justification: PB 2013 Defense Advanced Research Projects Agency jDATE: February 2012 

APPROPRIATION/BUDGET ACTIVITY R-11TEM NOMENCLATURE PROJECT 
0400: Research, Development, Test & Evaluation, Defense-Wide PE 0601101E: DEFENSE RESEARCH 
BA 1: Basic Research SCIENCES 

ITRS-01: TRANSFORMATIVE SCIENCES 

B. Accomplishments/Planned Programs ($ in Millions) 

FY 2011 Accomplishments: 
- Conceptualized an approach to automating crowd-sourcing through social compilation. 
- Created an approach to software engineering and system development that provides end-to-end semantic modeling of a 
component-based system. 
- Developed a computing architecture that accepts sensor data as input and outputs human-level concepts such as object class, 
object features, and activity patterns. 
- Developed a model-dnven development framework for semantically rich control, planning and cognitive systems. 

FY 2012 Plans: 
- Demonstrate how statistical and quasi-experimental analyses of existing data sets can be used to derive answers to key tactical 
military questions. 

FY 2011 FY 2012 FY 2013 

- Demonstrate approaches for reactive, adaptable, and agile wide-area networks and computing systems. 
r-- ------------------------------------------------~~-------+--------;-------~ 
Title: Bits to Behavior via Brains (83) 6.500 

Description: The Bits to Behavior via Brains (B3) program extends recent work 1nd1cat1ng avatar activity in virtual worlds can 
result in measurable differences in real-world behavior on the part of users. One example of this observation is an increase 
in physical exercise undertaken by humans when their virtual avatar begins an exerose regimen. Understanding the neural 
mechanisms that govem the transfer of virtual behavior into actual behavior will enable optimization of virtual resources to train 
and educate soldiers. and could lead to therapeutic and preventative capabilities. B3 will examine how virtual world interactions 
influence neural mechanisms of learning (both one-shot and traditional) and executive function (especially judgment}. This will be 
used to enable des1gners of virtual worlds to determine the methods and themes that will result in the most effective avatar-based 
virtual environment for military training and decision making. 

FY 2013 Plans: 
- Confirm and extend foundational work on characteristics of avatars to understand real-world decision making processes. 
- Explore neural mechanisms responsible for decision making processes; confirm avatar-mediated modulation of neurobiological 
operations as a transferrable tool for optimal learning and decision making. 
- Begin testing for individual and population-level behavioral differences in response to virtual training environments. 

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

Description: •Formerly part of Synthetic Biology 

The Autonomous Diagnostics to Enable Prevention and Therapeutics (ADEPT} program develops technologies to rapidly respond 
to a disease or threat, and improve individual readiness and total force health protection. This program utilizes synthetic genetic 
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E)(hlbh R-2A. RDT&E Project Justification: PB 2013 Defense Advanced Research Projects Agency j DATE: February 2012 

APPROPRtATJON!BUDGET ACTivtTY R-1 ITEM NOMENCLATURE PROJECT 
0400. Research, Development, Test & Eva/ustion, Defense-Wide PE 0601101E: DEFENSE RESEARCH TRS-01 : TRANSFORMATIVE SCIENCES 
BA 1: Basic Research SCIENCES 

B-AccompllsttmtmtslfiJ.Ilf.lfldJ'rogr..IJI$...(S.ln_MUIIo!W 
rarcurts to control oetlu'lar machinery and Includes research to optimize orthogonality and modularity of genetic control elements, 
ld~ntdy me1hods to incre~ s.ensrttvity and specificlly, and demonstrate methods to control cellular machinery in response to 
changes in physiOlogical status. ADEPT enables the production of RNA-based vaccines, potentially eliminating the time and labor 
required for ·tradllr.onal manufacture o l a vacc:irte 'While improving efficacy and safety. ADEPT also develops methodologies for 
measuring heallh-speciric biomarf<ers from a collected biospecimen to enable diagnostics at the point-of-need (similar to home-
use settings) or in resource-limited ehrucal facilities {f.e., point-of-care), in-garrison or deployed. The ADEPT program continues in 
FY 2012 in PE 0001117E. Project MED-01 . Awlied research for this program is funded in PE 0602115E, Project BT -01. 

FY 2011 Accompfisftments: 
- ln:liated the aeation of synlheUc biological elements that operate in mammalian cells. 
- Investigated the behaVior of combf"'ing biological elements and detennined their functional outcomes. 
- Initiated development of RNA-based vacanes. 
- lniUated the development of new concepts and techniques for compact, deployable diagnostics. 
- lnvestigaloo mel hods for blospeomen stabilization at room temperature. 

TiUe: Production of Knowledge ~ 10 Bridge Cultural Divides 

Oescriptiora: The Productton of K~ge Bases to Bridge Cultural Divides program developed tools, techniques, and 
frameworks I<X the automated inierptetabon and q,uanlitative analysis of social networ1<s using emerging methods for edge 
finding and closter analysts. T'l'lese systems have important applications in tactical contexts to aid analysts and operators in 
connecting the do1s amid oomplex, conllrctlng, and incomplete data sets. They also establish a foundation for cultural intelligence 
- understanding the stabJIIty, governance, and economic indicators of a region. These technologies have transitioned into the 
Nexus 7 program In PE 0602702E, Project TT-13. 

FY 2011 Accompl#sftments: 
- ~loped rnathemabcal and algo:ithrmc modeling and analysis tools. 
- Established basehne performance and demonslr.Won of enhanced analysis using the tools. 
• Demonstrated automated and sam-automated processes for exploitation of data collected via experimental analyst assistant. 
- [)epoyed mihal analytic results to commanders ln Afghanistan. 

C. other Program Funding Summa!)' (S· InN~ 
NfA 
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UNCLASSIFIED 

Exhibi t R-2. RDT&E B1dget Item Justincatlon: PB 2013 Defense Advanced Research ProjeccsAgency 

APPROPRIATION/BUDGET A CTIVITY R·1 ITEM NOMENCLATURE 
0400: ReseaJCh, Deve/opmen(, T93t & Evaluation. Defense-Wide PE 0601117E: BASiC OPERATIONAL MEDICAL SCIENCE 
BA 1: Bssic Resefl!Ch 

~. A!<!il!IDRiilbmtnlllEIIoned f<Qli!:!!Jm II ID Mliii2DI!) 
- DetnOiliitrllle tne aDtlrty 01 non-human pnmales to perfoml a dexterous sensorimota task through the use of a neural interface, 
wtthoul the use of netnl spike recordings. 

TTtla: AutononlOU$ Diagnostics to Enable PreveniJon and Thetapeullcs (ADEPT)' 

Oucrlptlon: ' Previously funded In Synthetic Biology In PE 0601101E. Projecl ~1 

The Autonomous Olagrosllcs to Enable Prevention end Therepeudcs (ADEPT) progn~m will develOp the underlying technologies 
to rapidly respond loa disease or threat. and Improve Individual readness and 10181 force health protection by providing 
centralized laboratory capabUilies at no<Hertiary c:are end Individual settings. ADEPT wiU develop and exploit synthetic biology 
IOf the fn vivo creation ot nliCielc acid cirooits that contonoously end aut~ly aense and respond to changes In pnyslologle 
state and for novel methods to Iailie! delivery, enhanc:a immunogenicity. or oanlrOiactivlty of vaccines, po!entlally efimlnallng 
the Ume to manufacture a vaocine ex vivo. ADEPT advancements to control ceHIAar machinery include researc:h to optitnize 
orthogonality and modl.larily of genetlo control elements; Identity methods to Increase sensibvily end spe<;iRcity; and demonstrate 
methods to control cellvlar madllnery In response lo changes In physiological statua. ADEPT wlft develop methOdologies lor 
meaauring heallh-specl~c biomarkers from a collected bioope<;imen to enable diagnostics at the polnt-ol·need tK resou/C8 lmlted 
din leal facilities (point-of-care), lnijamson or deployed. Additionally, ADEPT will initiate techniques to c:haracierize narural signal 
transduction pathways. such as elactrlcal and mechanical, tha1 am not conventionally uaed to guide dagnosi$, 0< as a therapeutic 
measure. The signals will be studied In del all and their pl\yslologl<:af functlon validated for measurement and modulatJon to 
delennine diagnostic and therapeutic ~l Appfied research efforts are budgeted n PE 0602115E. Project BT-01. 

FY 21112 Plens: 
• lritlate development ol modular and orthogonal nucleic add-based elements for appllcatlon within a sense-anckespond circuli 
that operates whhln cor,te>t of a mammalian eel. 
- lnveS1lgate controlled expression In mammalian cells o( synhetic; drcuft that responds to physiological biomarkers associated 
wtth 1\eal!h status. 
• Develop novel concepts and molecular approaches to enable deployable dlagnosllcs. 
• Develop novel reagents and materials lor slablllzlng self-<X>IIected biospeclmens at room temperature for simple shipment and 
storage. 
- Develop methods for sample preparation that require no opetalor manipulation and are consistent with polnt-ol-need and point-
of-care settings. 
• Develop new method> for signal amptirlcatlon amenable to cleployable diagnostics. 

FY 2013 PIIMis: 
• Demonstrate development or modular and orthogonal nudelc acid-based elements for application wi!Nn a sense.and-respond 
circuit that operates wtlhin conte>t of a mammalian cel1. 

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

Exhibit R-2. ROT&E BMdgetltem Justification: PB 2013 Defense Advanced Research Projecta Agency 

APPROPRIATION/BUDGET ACTIVITY R·1 ITEM NOMENCLATURE 
0400: R9$6B1Ch, Development, Test & Evahtsf/on, Defense-\Mde PE 0601117E: BASIC OPERATIONAL MEDICAL SCIENCE 
BA 1: Basic Resean:h 

!:;, Accoml!l!lbmtni!!~IIDDI!I e!.2111J!IDI (liD Mlllf2Di l 
• Demonstrate controlled OJCpreSSlon In mammalian cells ol syntheilC cirarit that respond$ to physiological blomarlters associated 
wt1h health status. 
• Quantify performance of developed molecular approaches designed ror deployable dlagnostlcs. 
• Quantify performance of blostablllzation reagents/materials. 
• Quantify performance of methods for room temperature -'yses and l'eageB stablzallon. 
• Quantify detection llmils achieved wtth signal amplification method$ • 
• Demonstrate performance of ntm sample preparation methods suitable for simple and mtJitlplexed analysis off ol biospecimens 
lhet ana efther selfo()()jlecled under low-resource settings or collected by trained professionals at the physlcian-oftice settings. 
• Design Integration of :leveloped diagnostic methodologies . 
• Investigate bioelectric signatures and signaling patterns nslated to biological nssponses, such as baseline status and 
regenerative tlssue c:oMHions. 
• Characterize blo-eledtic signaling from multiple ceU types/biological environments. 

T7t/e: Olalysis-ll~e Therapeutics 

Description: Sepsis. a bacterial infection of lhe blood stream, Ia a slgnifiCSIII cause of 1'*-'Y and death among c:ombat.jnjuted 
sofdlers. The goal of tHs program Is to develop a portable device capable of oonlrollng relevent components In the blood 
volume on cllnicslly relevant time scales. Reaching lhls goal is expected to require slgnlncant advances In Ga~Sing In complex 
biologic ftulds, complex lluld manip!Aatlon, separation of componenls from lhese ftulds, and mathematical desCriptions capable 
ol providing pnsdlctive c.ottro1 over the closed loop process. The envisioned device would eave the lives of lho<Jsands of rrilctary 
patients each year by effectively treating sepsis and associ a led complications. 

Initial basic research wtl develop the component teclvlologies that will ultimately make up the lnlegrated device. Included In this 
effort wfD be lhe development of non-fouling, contii'MJOUS sensors for oompiex biological fluids; design of hlgh-ltow mlcrofluidie 
struetures that do not require the use of anllcoagulallon: developmenl of Intrinsic separation technologies that do not requlns 
pathogen speclflc molecular labels or binding ehemlslries: and predictive mOdeling and COi'lltol (matheMatical fOiil\Allsm) Wilh 
sufficient fidelity to enable agile edaptlve closed-loop therapy. Applied rese<Vdl ellorls are budgeted In PE 0602115E. Project 
BT..Ot . 

FY 2012 Pfens: 
- Achieve Intermittent sensing technologies for the deJection ol pathogens and bicmdecules ln ftowtng blood. blood oomponenls, 
and WOUld ftuld at least every 45 minutes wt1h more than 2 hou's of conllnuous operation. 
• Allaln mlcrolluldlc archltectures and coaUngs for tOO mllhr rricroAuldlc syslem blood flow for al leMt 2 hou's wflhout platelet 
acllvalion or cfoUing. 

PE 06011 1 7E: BASIC OPERATIONAL MEDICAL SCIENCE 
Defense Advanced Research ProjectS Agency 
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Exhibit R-2, RDT&E Budget Item Justification: PB 2013 Defense Advanced Research Proiecta Agency I DATE: February 2012 

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

C. Accomplishments/Planned Programs($ in Milliont) FY 2011 FY 2012 FY 2013 
- Accomplish 50% removal of pathogens and select bioagents from blood or blood ~ts YJa label free separation- -
technologies. 
- Demonstrate a clinically relevant sepsis predictive model and U"Binrng algorithm based on data sets from publlshed literature. 

FY 2013 Plans: 
- Improve intermittent sensing teehMiogies for the continuous detection of pathogens and blomolecul~ in 1\o'Mng blood. blood 
components, and wound fluid. 
- Refine microfluidic architectures and coatings for continuous blood now without plalelet acbvabott or clotting 
- Enhance label-free separat1on technologies to successlulty remove pathogens and seleet bloagents from blood Q( blood 
components. 
- Validate the sepsis predictive modeling using larger anonymous dnical datasels 

---------------------------------------------------------~ccompllshmenl$/Pianne-d Programs Subtotals - 37.870 39.676 
r------------------------------------------------------------------------------
Q.__Other Program Funding Summarv {$ in Millions) 

N/A 

E. Acquisition Strategy 
N/A 

E. Performance Metrics 
Specific programmatic pertonnance metrics are listed above in the program accomplishments and plans :sedlon. 

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

APPROPRIATION/BUDGET ACTIVITY R-1 ITEM NOMENClATURE 
0400: Research, Development, Test & Evaluation, Defense· 'Nide PE 06021 lSE: BIOMEDiCAL TECHNOlOGY 
BA 2: Applied Research 

C. Accomplishments/Planned Programs CS in Millions} 

FY 2012 Plans: 
- Develop a platform to reproducibly demonstrate the evolutionary pathway of a vtruS under multiple selective pressures. 
- Validate predictive algorithms against selected experimental pressures on vol eYOiut onary pathways. 
- Use algorithm to investigate virus mitigation and frequency gJoooJiy to prediCt lhe timing and ge-ographic location of reassortment 
events. 
- Model processes to accurately predict the drift and shlft or 1111\.JS In pre-ha.man, an1fnal ~oii'B. 
- Develop first-ever system for anticipating evolution ol dln1caW ct"L.IQ resiStance through the use of an '" \lilro VItal-evolution 
reactor. 
- Demonstrate novel sequencing technologies to reduce enor ra1e 
- Demonstrate evolution in microdroplet cell-viral infecbon systems. 

FY 2013 Plans: 
- Predict timing of antiviral fa1lure in chronically infected wal host {animal) model 
- Predict location(s) of genetic mutation responsible for arlMrsl tatlure in a chroniC8Ry •n'ected v ral host (arum.al) model. 
- Predict number of viral generations necessary to achlavo antiVIral resistance tn a dlron.cally lnteded viral host (animal) model. 
- Predict location of genetic mutation(s) responsible for resiStance to suburvt vacane (such B$ hemagglutinin or recombinant 
protective antigen.) 
- Correlate influenza vaccine failure in syngeneic/spoolic pathogen-free poultry with pathogen elldution an me natural ecologies 
of Asia. 
- Use in vitro evolution reactors to predict emergence of novel vanant lnOuenza stra.n~ from within-reservoir .spedes. 
- Use in vitro evolution reactors to predict emergence of dengue \11rus muletiOI"'S 1n a reg1on where dengue has reeently appeared. 
- Use in vitro evolution reactors to predict host resistar'ICelo candidate pathogens. 

Title: Autonomous Diagnostics to Enable Prevention and Therapeullcs IADEPn· 

Description: •Previously funded in Synthetic Biology in PE 0601101 E. Project TRS-01 

The overarching goal of the Autonomous Diagnostics to Enablo Pteveratlon and ll'lerapeubcs (ADEPT) program Is. to increase 
our ability to rapidly respond to a disease or threat and Improve rndlVldual readiness and total Ioree healch protectson by providing 
centralized laboratory capabWties at non-tertiary care settings. ADEPT will focus on the developmen1 of R1bonuclelc Acid (RNA)­
based vaccines, potentially eliminating the time and labor required for tradi1Jona1 manufacture of a vaccme wh11e a1 the same time 
improving efficacy. ADEPT will also focus on advanced development of key elements for sirnple-to--operale diagnostic devices. A 
companion basic research effort is budgeted in PE 06011 1 7E, Project MEC.01. 

FY 2012 Plans: 
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j DATE: February 2012 Exhibit R-2, RDT&E Budget Item Justification; PS 2013 Defense Advanced Research Projects Agency 

APPROPRIATION/BUDGET ACTIVITY R-1 1TEM NOMENCLATURE 
0400: Research, De~telopment Test & EvaluatiOn, Defense-Wide PE 0602115E: BIOMEDICAL TECHNOLOGY 
BA 2: Applied Researoh 

c. A®ompllthmun~Eiirul_e<t ero.ur;umr.J$J.n 1'.\liJio!JID 
• Increase sJabilliy of RNA-based vacdnes.-- ------------
• Demonsttate efficacy of RNA-based vaccines in a small animal model. 
• DevelOp advanced 11'\Strumentalloo approaChes for sample preparation for diagnostics. 
- Develop advanced l llstrumentation approaches for detector elements of autonomous diagnostics devices. 

FY 2013 PIJJns.: 
- Demonstrate increased humoraJ and cellular responses with RNA-based vaccines as compared to benchmark vaccines in vivo. 
- Demonstrate Increased efflca.cy of RNA-based vacc.nes in vivo in small and large animal models. 
- Demoostrale quanlllabve performance melrics for developed instrumentation approaches for diagnostic sample preparation. 
- Demonstrate quanttlat!ve perlonnanee me1rics ror developed instrumentation approaches for detector elements of autonomous 
diagnostic de111ces. -------nue: Tacflca'l Biomedical Technologies" 

Description: •pre'liously funded In PE 0602715E, Project MBT -02 

The Tacticel Biomedical Tect'lnologfe:s thrust will develop new approaches to deliver life-saving medical care on the battlefield. 
Unconltolled btood loss is the le~dng cause of preventable death for soldiers on the battlefield. While immediate control of 
hemorrhage is the mo91 effedlve ~ttategy ror treating combat casualties and saving lives, currently no method other than surgical 
mlervenlion can effectively !Teat intracavilary bleeding. A focus in this thrust is the co-development of a materials-based agent(s) 
and delivery mechanism capable of damaged bssue.targeted hemostasis and wound control. This system will effectively treat 
compressble and no,n.oompress1ble woonds regardless of geometry or location. Additionally. rapid response to emerging 
biological ttveats on the battlefield 1s 1r11paded by togistical delays of delivering the necessary therapeutics. Creating a ''pharmacy 
on demand:" w1tl enable far-fOIWard medical prO'Jldel'$ to manufacture and produce small molecule drugs and biologics in order 
to ensure that the the.-apeutlcs are available wheo they need them. This project will also develop new algorithms, protocols, and 
ITI&thods to affow r~istrailOfl and canpati'SOI'"I of disparate sources of data in biology (across species, experimental systems, 
hierarchies and populations). 

FY 21t12 Plans: 
• Demonstrate hemostasis agenl stability consistent w ith operational requirements. 
- Demonstra1e hem<>Stasis in less 1han fOIJI" m il'liJtes on a non-compressible injury model. 
- Demonstrate !hat hemostatic material doos not induce intracavitary fibrosis within 28 days when left at the wound site. 
- Des•gn scale-up tor large-volume hemostasis agent synthesis. 
- lnrtiate drsCUsSJOns rw wound stasiS system FDA approval. 

FY 2011 FY 2012 

I 
I 

16.676 

FY 2013 

18.500 

~------------------------------------J 
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Exhibit R-2. RDT&E B•dget Item Justification: P8 2013 Defense Advanced Research Proj~tcts AQency 

APPROPRIATION/BUDGET ACTIVITY R-1 ITEM NOMENClATURE 
0400: R9s&arch, Dow/cpmenl, Test & Evaluation. Defens&-WfdQ PE 06021151:: BIOMEDICAL TECHNOLOGY 
BA 2: Applied RaS981'Cll 

s;;. Asi~rnl!lil!lrnao§ll!l•o[lljj etQIItJall Il ia Mllll2n•l 
• Develop peripheral nerve recording Interfaces and control algorithms lhal capture motor Intent signals fTOm the rosidual nllfVO!S 
In amputees. 
• Develop sophisticated real-limo classlfocalioo algorithms designed to o~e dextrous control of an upper limb neuroprostllatk: 
uslng electroencephalogram and other signals captured entirely l'rom non-invasive, non-penetrating. soo.rces. 
• Develop biOClcJablotleneurallnterfaee technology to overcome known failure rnechllnlsms. 
• !Wplace nnear end low-order, non-linear decoding techniques with sophisticated statlstleal and non-linear algOrithms. 
• Develop a novel neural lnter1aee that will be Implanted Ilia a minlmaHy lnvaslve intravasc:ular approach. 
• Enlist commercial neurallnterfaoe manula<:t<~ers to develop tools to allow use<s to evaluate probe rellabl6ty 1n situ. helping them 
to pinpoint the SOU"Ce cJ failure shoiAd It be due to naws In the probe deslgl or manuf&eture. 
• Develop techniques and standards to evaluate the long-tenn blocompatibl6ty of advanced neural Interface materials. 
Collaborate Wlth FDA end American National Standards lnsbtute (ANSI) to adapt blo<lompaijblllty safety standards for neural 
Interfaces. 

FY 71113 Pfans: 
• Demonstrate a lae1or-array system capable of driving neural plast!oty and sensory peroept reorganization through remapping of 
fingertip touch percepls to amputee residual limbs. 
• Demonstrate wearable bioelectric sensor am1y with 32 .atve differential ehann&ls eapabla of contiOIIing a standanl myoelectric; 
prosthetic hand. Extend sophisticated electtomyography (EMG)-decodlng algorithms to adapt to real-world an•faets and to Infer 
user Intent. 
• Develop clinically viable sell-contained Implantable EMG-recordng sensors that would have a direct and lnvnedlate Impact 
on traditional myoelectric prostheses and transplanted muscle re-lnnervalJon paUents by substantially Increasing the number of 
oontrollable independant degr~tes of freedom. 
• Demonstrate the biOlogical stability, durabll1ty, and ~tlabltity of a peripheral nerve Interface through motor. sensory, and dosed· 
loop behavioral activities In a freely moving animal model. 
• lnijiate clinical trtal3 for peripheral neiVl! recording lnterfaoes lhat captu~ motor oortnllslgnals from the endogenoU5 residual 
nerves. 
• Demonstrate an et-neephalogram-based fully non-lnvaslve, non-penellaiJng, nooral-lnterfaee system capable of providing 
proslhellc limb control for human users. 
• Demonstrate the lmp«>ved reliability of newly developed neural probe technOlogies designed spedfieaHy to overcome known 
fallure mechanisms. 
• Demonstrate use or best-of-breed slatistical and non-linear daooding algori1hms Md quantily the Improvements In accuracy and 
reliability. 

Title: Olalysls-Uke Therapeutics 
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rE;hibit R-2. RDT&E Budget Item Justlflcation: PB 2013 Defense Advanced Research Projects Agency 

lm ROPRfA.TION/BUDGET ACTIVITY R-1 ITEM NOMENCLATURE 
0400: Rttsearch, Development Tt>sl & Evalualion, Defense-Wide PE 0602115E: BIOMEDICAL TECHNOLOGY 

18A 2. Applted Research 

l c..Ac~QIDPJ.!.I.I!mt.ntsfPtafiDtQ Pr.2grams £$ in MIJno~ --- --- - -
f:>e.scrlpdon: Sepsis, a bactenallnfectiOO of the blood stream. is a significant cause of injury and death among combat-injured 
soldiers. The goal or IJ'll~ progmm l$ lo develop a potU!ble device capable of controlling relevant components in the blood 
volume on cllncall~ relevanltlme scales. Reachtog this goal is expected to require significant advances in sensing in complex 
biologic Ooids. comptex 1Md manipulation. separation of components from these fluids, and mathematical descriptions capable 
of prov1ding predictive c:onlrol over the closed loop process. The envisioned device would save the lives of thousands of military 
pabents each year by effeCtively treating seps1s. and associated complications. 

I Applied tesean:h under lhJS program furthes develops and applies existing component technologies and then Integrates these 
lo create a complete blood punlicatlon system for use m the treatment of sepsis. Included In this effort will be development, 
1ntegra1.1on and demonstmllon of non-fouling, conttnuous sensors for complex biological fluids; implementation of high-flow 
mlcroflwdlc structures that do not require the use of anticoagulation; application of intrinsic separation technologies that do 
not require pathogen spcofle molecular labefs or btndlflg chemistries; and refinement of pred1ctive modeling and control 
(mmllemollcal ronnabsm) with .so1fldent ftdefll~ to enable agile adaptive dosed-loop therapy. The basic research part of this 
program Is budgeted In PE 0601117E. PI'Oie<:t ME0..01. 

FY 2012 Plans: 
• Evaluate exlstlng sensing, mlc.roftuldic flow. and intrinsic separation component technologies for use rn an integrated blood 
purification system and lniUale research plan to acnleve significant improvements in line with the overall program goals. 
- Develop Integration plan tor componenllechnologies developed in the basic research aspect of this program. 
- Develop regulatory pathway leadJng to 4!n approved Integrated device. 

FY 2013 Plan$: 
- Refine tnlegrahoo s~ralegy. develop a bread-board system. and demonstrate bread-board system in a small animal model. 

jDATE: February 2012 

FY 2011 FY 2012 FY 2013 

Title: Warrior Web 10.250 

- Confirm regulatory pJan and beg~n regulafOf}l approval process for the integrated device. 
------------------------------------------------------+-------~---------r------__, 

Description·: Warrior Web. prevlousl:,- funded tn the Maintaining Combat Performance Thrust in PE 0602715E, Project MBT -02, 
will develop an adapbve, compliant. neaJty transparent. quasi-active joint support system to mitigate acute injuries caused 
by physical!)' demanding events oommoo to ml~lom;, such as airborne and air assault insertions. Warrior Web represents 
an e..pans.ion of capabllity beyoncl "'lghlenlng the load." Warrior Web's capability space is between biomechanics, robotics, 
phys.lology, andcombal clothing. n us program WIO result in technology that reduces the injuries sustained by soldiers. Allowing 
soldiers to perfatm lhelt missions w ith reduced nsk for injuries will have immediate effects on mission readiness. soldier 
survivability, and nusslon performance. 
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uhibit R·2. ROT&E Budget Item Justification: PB 2013 Defense Advanced Research Projects Agency 

APPROPRIATION/BUDGET ACT1VITY R-1 ITEM NOMENCLATURE 
0400: Research, Developmenl. Test & Evaluation. Defense-Wide PE 0602716E: ELECTRONICS TECHNOLOGY 
BA 2: App11od Research 

c.AIOCOJilPIIsbments~a.Dned Plogramsj}.ln Milllo.!!§} 
r:-Begin constn;clion ofafull mcroplasma etearonlcs based radiation hardened RF system. 
- IOitiallestlng of a mlcrocavtty material for high power microwave protection. 

Title: lntraChip Enhanced Cooling 41CECod) 

Description: The lnlraChip Enhanced Cooling (ICECool) program is exploring disruptive technologies that will remove thermal 
barriers to the operabOn of mtlltaf}' eledronlc systems, while significantly reducing size, weight. and power consumption. These 
thermal barriers will be remove~ by Integrating thermal management into the chip, substrate, or package technology. Successful 
completion of I his program will close the gap between chip-level heat generation density and system-level heat removal density in 
RF arrays and embedded complllers. 

SpecafJC areas of rOCI.JS 1n Ch•s program u1olude overcoming limiting evaporative and diffusive thermal transport mechanisms at 
the mlcrolnaoo scale to provide an Ol'der-or-magnllude increase in on-chip heat flux and heat removal density, determining the 
feas1bihly of explottlng these mechanisms for intrachlp thermal management, characterizing the performance limits and physics-
of. failure or high heat density, 1ntrachlp coofing technologies, and integrating chip-level thermal management techniques into 
prototype h1gh power electronjcs in the foml faclor of RF arrays and embedded computing systems. 

FY 2013 Pl•ns: 
- lnvest~gale advanced evaporaflWI, lhemlOeleclric. and diffusive technologies for intrachip thermal management in electronic and 
photoniG components . 
• Oe1ermlne fundamental ~mils of advanced thermal technologies and feasibility of implementation into compact defense 
electronic and pho1omc systems . 
• Investigate benefit$ to system-level perfOfTTlance and size, weight, power, and cost (SWaPC) through the use of intrachip 
therm.al mana.gemenllechnologles. 

ntt.; In VIVO Nanoplattonns (IVN) 

Description; The In v ivo Nanoplatforms (IVN) program seeks to develop the nanoscale systems necessary for in vivo sensing 
and physiologic manltonng and delivery vehldes for targeted biological therapeutics. The nanoscale components to be developed 
will enable continuous in vivo monitoring or both small (e.g. glucose, lactate, and urea) and large molecules (e.g. biological 
threat agents). A reprograrwnable lherapeuJJc ptalform will enable tailored therapeutic delivery to specific areas of the body (e.g. 
cells, tissue, oompartments} 1n response lo tradllional, emergent, and engineered threats. The key challenges to developing 
thes.e systems lncfuc:le sarety. to~city, b oc:ompatiblll ty, sensitivity, response, and targeted delivery. The IVN program will have 
cllagnostlc and lhe:ropeubc goals thai enable a versatile, rapidly adaptable system to provide operational support to the warfighter 
In any lccalion 
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Exhibit R -2. ROT&E B 1dgot Item Justificat ion: PB 2013 Defense Advanc:ed Reseach Projects AQerrcy 

APPROPRIATION/BUDGET ACTIVITY R-1 ITEM NOMENCLATURE 
0400: Resea!Ch, Dollflklpmen/, Test & Evaluotlon, Defense-Wide PE 0602716E: ELECTRONICS TECHNOLOGY 
BA 2: Applied RfWJarcli 

C.. AIO~IDI!IIIbllltntsli'I~DDid J;QQ[i!IDIIi Ia Mlllfgnl) 
FY 2013 P/a.ns: 
- Begin developroonl d ir-ilialln vivo diagnostic plat1orm for small molecules. 
- Initiate development of in vivo lherapeuUc platform fo( treatment of lnfecfoous disease. 
- Begin technical analysis of safety and efficacy fo( proposed In vivo platforms. 

ntle: Pixel Network (PIICNET) fo( Dynamic Visuafiurtlon 

Ducrlptlon: The Pixel Network (PIXNET) for Dynamic Vlsualiz.al.ion program aims to develop Infrared Imaging components and 
the necessary application programming Interface (API) system to provide real-time and dynamic tactlcal visualization of batlletleld 
situation awareness and exploitation allndivkluallevel end at collective ensemble. The goal Is to enable on&-Lo-many and many-
l<><>ne real-bme Intelligence, surveillance and reconnaissance (ISR) data and meladala to maximize mission relevancy and 
minimize decision Ume during day/night operations. 

1l1e program will focus on significant reduction in cost. sJze, weight and power (SWaP) or Infrared sensor components to enable 
portability end ability to deploy widely to aU partlcipants In the theatre. Development of wafer scale IR sensor and coolers fo( 

low coet manufacturing wiR provide a price point that wiD allow them to be deployed to each wart1gh1er. 1l1e emphasis on a 
small form -factor (<3.5 cm3) wUI naturaRy enable new opportunhies such as surveillance with rnicro-UAVs, networl(ed handheld 
device$ with fused Imaging capabilities to shale tactical informallon et troop level, and intelligence for rapid decision/action. 
1l1e phenomenology of different Infrared wavelengths Will be exploited for tatgets of intefest and only relevant data wiD be 
transmitted, thus reducing data burden over the necwork. Having the capability of PIXNET at the soldier level wRI Increase 
sHuaUonal awareness and will enabje more effective tadlcs, techniques and procedures (TTP). PIXNET will take advantage of 
small computing platforms such as Android cell phones API to Integrate and demonstrate digital Image data distribution and signal 
processing via wireless connectivity. The Program Executive Office, Space Sciences Laboratory, PM Optics USMC and industry 
wll be the transition paMers. 

FY 2013 Plan:r: 
- Develop and review IR camera design and overall architecture that wil demonstrate digital image data dlstribuUon and signal 
processing via wireless connectivity using a cell phone or PDA plalfonn. 
- Develop CMOS compatible water scale manufacturing of Integrated Image sensor-cooler ror very low SWaP IR camern 
technology. 
- Develop wafer scaje low-cost and high transmission optics. 
- Develop strategy to l'8duce IR Image sensor cost by 15to 50X. 
- Demonstrate rudimertary operation of networked IR sensors for digital signal processing and image data distribution. 

ntJe; Mlcroscale Powet Co<'lverslon (MPC) 
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