UNCLASSI FI ED

FY 2006/ 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: Feb 2005
Exhibit R-2

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602114N
PROGRAM ELEMENT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH

COST: (Dol lars in Thousands)

Proj ect FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 Fy 2011
Nunmber  Act ual Esti mate Esti mat e Esti mat e Esti mat e Esti mate Esti mat e Esti mate
& Title

POVNER PROJECTI ON APPLI ED RESEARCH

141, 450 135, 163 94, 148 73,926 65, 778 57, 165 45, 886 57,276

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This Program El enent (PE) addresses the technol ogy

i ssues involving the Navy’'s capability to project Naval power on the broad seas and in the littoral regions.
In particular, the technol ogy developed in this PE will support Navy power projection requirenents related to
fl eet defense and protection of Naval assets in the littoral area, Naval strike operations against critical
shore targets, and support for Naval expeditionary forces ashore. This PE supports the Tine Critical Strike
(TCS) Future Naval Capability (FNC) and the Autonompbus Operations (AO FNC. Wthin the Naval Transformation
Roadmap, this investnment will achieve two of four key transformational capabilities required by Sea Strike as
wel |l as technically enable the Littoral Sea Control key transformational capability within Sea Shield.

Due to the nunber of efforts in this PE, the progranms described herein are representative of the work included
inthis PE
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PROGRAM CHANGE SUMVARY:

DATE: Feb 2005

FY 2004 FY 2005 FY 2006 FY 2007
FY 2005 President's Budget Subm ssion 142, 626 98, 831 89, 335 81, 799
Cong Resci ssi ons/ Adj ust nent s/ Undi st. Reducti ons 0 -1, 360 0 0
Congr essi onal Action 0 39, 600 0 0
Pr ogr am Adj ust nent s 0 -1,908 4,879 -10, 802
Executi on Adjustnents 334 0 0 0
Federal Technol ogy Transfer -31 0 0 0
FNC Real i gnnent 0 0 -125 2,550
Non- Pay Inflation Adjustnents - 140 0 2 3
Rat e Adj ustnments 0 0 57 376
SBlI R Assessnent -1, 339 0 0 0
FY 2006/ 2007 President's Budget Submi ssion 141, 450 135, 163 94, 148 73, 926

PROGRAM CHANGE SUWMMARY EXPLANATI ON
Techni cal : Not applicable.

Schedul e: Not appli cabl e.
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PRQIECT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH

COST: (Dol lars in Thousands)

Project FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FYy 2010 Fy 2011
Nunber Act ual Estimate Estimate Estinate Estimate Estimate Estimate Estinmate

& Title

POVNER PROJECTI ON APPLI ED RESEARCH
141, 450 135, 163 94, 148 73,926 65, 778 57, 165 45, 886 57,276

A. M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION:  This project addresses the technol ogy issues involving
the Navy's capability to project naval power on the broad seas and in the littoral regions.

B. ACCOWPLI SHVENTS/ PLANNED PROGRAM

FY 2004 FY 2005 FY 2006 FY 2007
STRATEG C SUSTAI NVENT 23,120 29, 852 23, 319 13, 447

The Strategic Sustainment activity devel ops technol ogi es which will sustain and i nmprove Navy's strategic
system capabilities in the areas of Radi ati on Hardened System Design (RAD HARD), Solid Rocket Mtor Ignition
(SRM Response, and drag reduction devices. This activity contains the Technol ogy for the Sustainnent of
Strategic Systens (TSSS) and the Strategic Systens Infrastructure (SSI) effort. |Increase in 2005 was due to
the addition of tasks for the SSI effort. Decreases in FY 2006 and FY 2007 are due prinarily to conpletion of

TSSS Phase 1 effort.
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FY 2004 Accomnplishnents:

- TSSS: RAD HARD task continued efforts in upgrading and |inking software. The SRMignition response effort
performed advanced nonlinear nodel comnparisons with ground test data. Drag Reduction Devices devel oped an

advanced aerospi ke drag reduction nodel. The acceleroneter effort fabricated a Proof of Concept
Superconducting and Atom Interferometer and Gravity G adient Sensor.
- SSI: Initiated fornulati on of high performance propellants, devel opnent of the prelimnary design and

paranetric testing for a Post Boost Control System (PBCS). Perforned prelimnary design of alternatives for
an Expl odi ng Bridgewi re (EBW detonator and conducted eval uation of test data of the effects of the externa
environnent on nissile electronics. Began transition of ONR s advanced transducer design and devel oped a new
hydr ophone array.

FY 2005 Pl ans:

- TSSS: Compl ete RAD HARD System Design Tool task. The SRMignition response effort conpl etes code
validation and verification with flight test data. The Drag Reduction Devices task conpletes the devel opnent
of an aero elasticity tool for performance prediction of mssiles with drag reduction devices. Gavity

Gradi ent Sensors and a new technol ogy accel eroneter for the Fiber Optic Gyro Navigator (FOGN) unit will be

t est ed.

- SSI: Continue Mssile propulsion effort with subscale static notor testing. PBCS will devel op

t her mal / mechani cal val ve and flow i npi ngement nodels. Ordnance Initiation technology effort will conduct
design revi ews and purchase prototype systens for evaluation. Mssile electronics will continue the nodel
devel opnent. Navigation Sonar will initiate devel opnent of a conmon el ectronics architecture to acconmpdat e
af f or dabl e har dware.

FY 2006 Pl ans:

- TSSS: Underwater launch task will conduct exit testing of the Underwater Launch Technol ogy Sustai nment
System (ULTSS). Testing will be performed to denonstrate the utility of the ULTSS in guiding and advi sing
engi neers unfam liar with Underwater Launch (UW) technology in the creation of a conceptual design. Release
of final version of ULTSS. The TSSS Phase | effort is conpleted.

- SSI: Mssile tasks in Propulsion will continue efforts by conducti ng non-eroding throat tests, chanber
bottle tests, insulator tests, conponent conpatibility tests and propellant hazard assessnment. The program
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wi I I conduct an innovative testing of new rocket nmotor case/nozzle design. Continue Advanced PBCS Val ve
efforts by conducting materials conpatibility tests, an Integrated Val ve Assenbly denpo, subscal e propel | ant

nm xes and a mani fold concept denb. Ordnance Initiation Technol ogies programw || test the ordnance initiation
system as a | aboratory prototype. Continue Mssile Electronics efforts by conducting small coupon agi ng

studi es, conduct radiation hardening tests & assessnments, conplete board agi ng nodel devel opnent, and conti nue
devel opnent of board level and missile | evel nodeling techniques. Sonar effort will conplete detail ed design
and begin fabrication of the prototype new technol ogy hardware.

FY 2007 Pl ans:

- SSI: Continue Mssile propul sion efforts by conducting |arger scale non-eroding throat tests, chanmber
bottle tests, insulator tests, conponent conpatibility tests and propellant hazard assessnent. Conti nue
Advanced PBCS Val ve Technol ogy and Materials programefforts by conducting materials conpatibility tests,
Integrated Val ve Assenbly deno, subscal e propellant m xes and a mani fold concept deno. Goal is heavy wall
testing simulating a very limted full scale Post Boost control systemtest. Odnance Initiation Technol ogies
program conpl etes final tests on the prototype denonstrating the new technol ogy, with docurmentation of designs
showi ng applications to strategic mssiles. The Mssile Electronics Technol ogi es program conpl etes code

devel opnent with final Validation and Verification of the nodels with experinmental radiation hard data and
agi ng data. Navigation sonar will conplete Laboratory and tank testing of the new technol ogy transducer and
hydr ophones. Prototype hardware will be integrated aboard USNS WATERS to provide a Navigation Sonar System
(NSS) test bed and eval uated at-sea in an operational environment.

FY 2004 FY 2005 FY 2006 FY 2007
H GH SPEED PROPULSI ON AND ADVANCED WEAPON TECHNCOLOG ES 16, 949 36, 046 17,118 14, 257

The work in this activity supports technol ogi es that support hi gh speed weapons delivery and advanced weapons
devel opnent. Hi gh speed weapons (Mach 3 to Mach 6+) will provide the Navy the capability to attack tine
critical targets by delivering a weapon over long distances in very short periods of tinme.

The increase fromFY 2004 to FY 2005 was due to increased funding for the National Aerospace Initiative (NAl)
hi gh speed propul sion effort. The decrease in FY 2006 reflects conclusion of Hy Fly, reduced 6.2 effort in
NAI Hypersoni c Turbine Vehicle (HTC), and transfer of Non-Lethal Wapons to PE 0602651M
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FY 2004 Accomnplishnents:

- HyFly: Continued air vehicle and fuel systemtesting and validation of the operational flight program

sof tware using hardware in-the-loop testing.

- Integrated H gh Payoff Rocket Propul sion Technol ogy (I HPRPT): Continued devel opment of surface | aunch
conponent technol ogi es.

- Asynmmetric Threat Defense: Continued subsystem design and devel opnent of detection/tracking algorithns and
conponents for the Ship-Linked Interceptor (SLI) and Laser Anocinted Interceptor (LAlI) including the Inertia
Measurenent Unit (I MJ), warhead, fuzing, explosive, control actuators, and signal processing algorithms.

- National Aerospace Initiative Hi gh Supersonic Turbine Vehicle (NAI HSTV) technol ogy base: Program supported
t he devel opnent of hi gh-speed supersonic turbine engine and airfrane technol ogi es for expendabl e weapons
applications. Initiated flow path and turbine engi ne conponent devel opment and denonstration effort to

i ncrease the performance of inlet and nozzles, high tenperature conpressor, and turbine.

FY 2005 PI ans:

- HyFly: Conduct direct connect tests and a freejet test to optim ze engi ne performance.

- IHPRPT: Continue surface |aunch conmponent devel opnment and begin initial design for the air |aunched
denonstration effort.

- Asymretric Threat Defense: Continue devel opnent of detection and continuous target tracking algorithms.
Conti nue design and fabrication of the SLI and LAI.

- NAI HSTV: Continue devel opnent and validation of flow path and turbine engine conponents and conti nue
conponent rig testing. Begin design and fabrication of airfranme conponents and assessnent of therna
management techni ques.

- Non-Let hal Weapons: This program has been transferred to PE 0602651M

FY 2006 Pl ans:

- IHPRPT: Design, assess and process new energetic material ingredients for advanced conposite rocket notor
devel opnent. Denonstrate end burning propellant grain, survivable nozzle and high pressure composite case
air-to-air rocket motor. Denopbnstrate Phase Il performance goals in 5.2-inch end burning, flight-weight notor.
- Asymmetric Threat Defense: Design and fabricate seeker, fuze and warhead prototypes.
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- NAI HSTV: Continue devel opment of comnponent/sub-systemtechnol ogies in propul sion, inlet, nozzle, airfrane,
and thernmal nanagenment for high supersonic turbine powered weapon systens. Select technol ogies for validation
and conduct ground testing/validation

FY 2007 Pl ans:

- IHPRPT: Scal e-up and formul ate new propellant ingredients and conpositions. Elininate nozzle erosion
conmensurate with ducting, accel eration and exhaust of high tenperature solid propellant gases and
particul ates. Denonstrate inpulse performance gains of >5%through | owto-zero erosion nozzle concepts.

- Asymretric Threat Defense: Denonstrate seeker performance with captive carry flight over water.
Denonstrate fuze and war head performance against static boat targets.

- NAI HSTV: Continue devel opnment of conponent/sub-system technol ogi es for high supersonic turbine powered
weapon systens. Conduct validation, ground testing and denonstrations.

FY 2004 FY 2005 FY 2006 FY 2007
UNVANNED VEHI CLES 14, 604 9, 258 6, 439 8,099

The focus of this activity is on those technologies that relate to the devel opment of Unmanned Vehicles (UVs)
that will support Naval forces and expeditionary operations. Specific technology areas include the

devel opnent of Intelligent Autonony (lIA) technol ogies to increase autonony, performance, and affordability in
Unmanned Underwat er Vehicles (UUVs), Unnanned Air Vehicles (UAVs), Unmanned Ground Vehicles (UGVs), UAV
control systens, UAV radar systens, and UAV propul sion and power systens. Naval Research Laboratory (NRL)

i nvestment/performance is included in this effort.

FY 2004 Acconpli shnents:

- UAV radar: Conpleted airborne testing using a Piper Aztec as a surrogate platform

- I AL Continued devel opment of dynam c repl anni ng and aut ononmous control and operations technol ogi es.
Conpl et ed UAV/ UGV r econnai ssance denonstration jointly with Defense Advanced Research Projects Agency (DARPA)
and in-water maritine situati on awareness denonstration

- UUV: Continued devel opnent of Electro Magnetic/Electro Optic (EMEO sensors, software, sensor data fusion
i ntegrated aut onomous control approaches for Maritime Reconnai ssance (MR), and nulti-vehicle Undersea Search
and Surveillance (USS) and comunication |ink devel oprent.
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- UAV control: Continued testing of threat detection/collision avoidance software and the devel opnent of
secure jamresistant conmunications and nultiple UAV information displ ays.

- UGVY: Continued devel opnent of robotic comruni cation technol ogies in support of the Marine Corps d adi ator
Tacti cal Unmanned G ound Vehicle (TUGY) program transitioned themto the Marine Corps for System Design and
Devel oprment ( SDD) .

- UAV propul sion: Continued devel opnent fabrication and rig testing of Navy UAV propul sion component

t echnol ogi es under the Integrated Hi gh Performance Turbi ne Engi ne technol ogy (IHPTET) program including the
advanced PW 800 conmerci al gas generator core and the XTL-17 supersonic nissile engine.

- Autonormous Mobile Platform (AMP): Initiated effort to create small sensor platforms capabl e of extended
endurance. Devel oped propul sion/energy storage/repl eni shrent, navi gati on/ gui dance systens, and | oconotion

t echnol ogi es.

- Devel oped four configurations of the Survivable Mbile, Long Endurance (vehicles that will allow snall
sensor platforns to rejuvenate their power source and to reposition thenselves as required. (NRL)

- Continued devel oprment of high-performance, |owcost Electro-Optic/Infrared (EQIR) airborne surveillance
sensors for unmanned aerial vehicles, and ultra-high performance EQ IR sensors. (NRL)

FY 2005 Pl ans:

-1 A Continue devel opnent of dynami c replanni ng and aut ononpbus control technol ogies. Conduct simulation of
dynam ¢ replanning and nmulti-vehicle technology for littoral Intelligence Surveillance & Reconnai ssance (ISR
Conpl ete simulation denonstration of multi-vehicle distributed cooperative control jointly with Air Force for
Intelligence Surveillance & Reconnai ssance (ISR) and strike mssions. Conplete joint DARPA UAV/ UGV

reconnai ssance denonstration

- UUV: Continue devel opment and transition of UUV-depl oyed | SR EM EO sensors and software, multi-vehicle USS
and comuni cation |ink devel opnent; continue Magnesi um Semi - Fuel Cell energy source devel opment and
denonstration. Conplete preparation of transition data package for the Integrated Motor Propul sor (1l M)

- UAV control: Continue devel opment of command, control and displays for multiple UAVs, and single frequency
mul ti-point UAV commruni cati ons.

- UAV propul sion: Gound test denonstrator engine and a Mach 3.5 capabl e expendabl e turbi ne engine.

- AMP:  Integrate energy replenishment and storage with a nmobile platformand denponstrate repl eni shment and
rel ocati on operation.

- Integrate energy repl eni shnent and storage mechanismin snmall autononous vehicles and denonstrate
repl eni shment and rel ocation. (NRL)

- Conpl ete devel opment of high performance EQ IR sensors for UAV' s. (NRL)
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- Initiate devel opment of a lightweight, 4.5 hp recuperated, turbo-shaft engine with an integral 3 kW
generator for UAV propul sion and portabl e power generation. (NRL)

FY 2006 Pl ans:

- IA Conplete devel opnent of multi-vehicle cooperation technologies. Conplete mediumfidelity simulation of
nmul ti-vehicle cooperation technologies for multiple classes of Naval unmanned vehicles in littoral ISR

- UWV: Transition USS and Communi cations Navigation Aid (CNA) products to PMs-Expl osi ve Ordnance Di sposa
(EOD) and ONI-34 per Technol ogy Transition Agreements (TTAs); standup Subnarine Track and Trail (STT) efforts
in the areas of advanced undersea sensors, communications, and autonony.

- UAV control: Continue devel opi ng and testing airborne and shi pboard battle manager platforns for UAVs
operating fromlLittoral Conbat Ship (LCS) ships. Continue devel oping and begin testing an open architecture
airborne control station that can be used onboard a P-3 type aircraft for the control of multiple UAVs.

- UAV propul sion: Continue Gound test denonstrator engine and a Mach 3.5 capabl e expendabl e turbi ne engi ne.
- Continue devel oprment of |ightweight UAV engi ne. (NRL)

FY 2007 Pl ans:

- UUV: Continue STT efforts in the areas of advanced undersea sensors, communi cations, and autonony.

- UAV control: Continue devel oping and testing airborne and shi pboard battle manager platforns for UAVs
operating fromLCS. Continue testing an open architecture airborne control station that can be used onboard a
P-3 type aircraft for the control of multiple UAVs.

- UAV propul sion: Continue G ound test denonstrator engine and a Mach 3.5 capabl e expendabl e turbi ne engi ne

- Conplete long-termdenonstrati on of nultiple sensor-equi pped vehicles, covering autononbus sensing operation
and nultiple replenishnent/rel ocati on cycles under autononmpbus or seni-autononmous control. (NRL)

FY 2004 FY 2005 FY 2006 FY 2007

NAVI GATI ON, ELECTRO OPTI C/ | NFRARED (EQ' I R), AND SENSOR 13, 310 6,928 6, 983 7,052
TECHNOLOG ES

This activity describes Navy Science and Technol ogy (S&T) investnments in the areas of Electro Optic/lInfrared
devices, dobal Positioning Station (GPS) and Fiber Optic Gyro (FOG Navigation systens, and advanced sensors.
The network centric and navigation technology effort is focused on inproving the navigati on accuracy of Nava
forces through i nprovenents in FOGs, distributed tinmekeeping systens, and GPS i nprovenents. This effort also
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i ncl udes NRL investnment/performance in the technol ogy areas of Electronics, Electronic Warfare, and
Communi cati ons.

FY 2004 Accomnpli shnents:

- Tightly Coupled G obal Positioning System Inertial Navigation System (GPS/INS): Incorporated Mcro

El ectroni ¢ Mechani cal Systens (MEMB) IMJ into existing test bed. Conpleted zero-age epheneris and Controlled
Radi ati on Pattern Antenna (CRPA) nutual coupling reduction projects.

- EQ IR technol ogies: Miltispectral Infrared Focal Plane Array (I RFPA)- Devel oped two col or | ongwave foca

pl ane based algorithns for missile defense. Continued devel opnent of high-performance, | ow cost El ectro-
Optic/infrared (EQIR) airborne surveillance sensors for unnmanned aerial vehicles, and ultra-high performance
EQ IR I magers. Continued work to devel op auto-target identification techniques for Laser Range-gated inagers.
- Navi gation Technol ogi es: Continued Distributed Time Standards, Rb Doubl e Bubble Maser Atomic Cock, tine
synchroni zati on and precision tine transfer, and al gorithm devel opnent for Distributed Time Scaling efforts.
Initiated GPS/ I NS/ LORAN effort to remove noi se and i nprove GPS and LORAN performance.

- MIlineter Wave (MWY threat detection: Initiated effort to develop prelimnary hardware and software
designs for channelized and photonic Ka/Wband El ectronic Warfare (EW receiver designs.

- Electronics: Continued devel opnent of systemsimulation tool in ZEMAX and tested spectral enmittance based
target discrimnation algorithmfor three band Long Wave Infrared (LWR) sensor. Continued effort with
denonstration of the first long wave IR (LWR) “W-structured type-11 superlattice (WSL) photo-di odes. These
devi ces exhi bited stronger absorption and turn-on than comnparable binary and ternary antinoni de superlattice
phot odi odes. Designed WSL based heterostructure for dual -band phot odi odes, and conpl et ed dual - band test
maskset. Continued identification of the correlati on between arseni c background pressure and cross-

contam nati on of arsenic in GaSb layers and interfaces in InAs/GSb superlattices using cross-sectiona
tunneling el ectron m croscopy (XSTM and x-ray diffraction (XRD). Initiated design of Photonic Band Gap (PBG
structures for infrared (IR) transm ssion and denonstrated feasibility to extrude nicro-structured perforns
and have drawn prelininary Hollow Core (HC)-PBG fiber. (NRL)

- Electronic Warfare: Continued devel opment of infrared counterneasures (I RCM against inmaging nmissiles using
a unique state-of-the-art hardware-in-the-1oop hybrid approach. Initiated devel opment of IR obscuration

t echnol ogi es usi ng evol ving nanoparticle technology to provide surface vessel protection to achieve an order
of magni tude i nprovenent over current obscurants. (NRL)
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- Conmmuni cations: Continued devel opnent and conducted denonstrati ons for operational forces of covert, high
bandwi dt h, free space | aser comuni cations systens. Continued devel opnent of Milti-Quantum Well (MW
retroreflector covert communi cati ons system Increase bandwi dth by order of magnitude using a cat's eye
backpl ane. (NRL)

FY 2005 PI ans:

- Navi gation Technol ogi es: Continue Precision Tine and Tinme Interface transfer denonstration, Deeply Coupl ed
GPS/INS with nonlinear filter al gorithm devel opment, Distributed Tine scaling Technol ogy, Rb Doubl e Bubbl e
Maser Atomic Clock, and static testing of Tightly Coupled GPS/INS/Loran projects. Initiate the follow ng four
projects: MEMS INS device devel opnent, Conmuni cati on Navigation and lIdentification (CNI) device, GPS receiver
for | andi ng systens, and Space and Frequency Adaptive Processing for GPS Anti-Jam (AJ) antennas.

- EQ IR technol ogies: Continue Miltispectral |RFPA assenbly and testing, and fabrication of photonic MW
threat detection prototype receivers. Continue devel opment of high-perfornmance, |owcost EQ IR airborne
surveill ance sensors for unmanned aerial vehicles, and ultra-high performance EQ IR I nagers. Continue

devel opnent of auto-target identification techniques for Laser Range-gated inmagers.

- Electronics: Continue spectral emttance based target discrimnation work, LWR WSL devel opnent, GaSb
substrate study, and high power |aser HC-PBG effort. Initiate study Yb doped ceram ¢ YAG and Y2Q3 for opti cal
cooling efficiency, investigate high power 1030 nm | asers as a punp source. (NRL)

- Electronic Warfare: Conplete IRCM effort by inplenmenting preprocessing and track algorithms into imging
seeker surrogates. Continue IR obscurant technol ogy devel oprment. (NRL)

- Communi cations: Continue covert high bandw dth comruni cati ons and MQVNretrorefl ector communi cati ons system
efforts. (NRL)

FY 2006 Pl ans:

- Navi gation Technol ogi es: Continue Distributed Tine Standards al gorithm devel opnent, Rb C ock design and
experinments, and Link 16 Tinme Transfer devel opnent and testing. Continue Tightly Coupled GPS/ I NS/ LORAN
effort, Fiber Optic R ng Gyroscope devel opment, al gorithm devel opnent for GPS Anti-Jam (AJ) and direction
finding. Conplete Al gorithm devel opment for Distributed Time Scaling and the Deeply Integrated GPS/ I NS w dth
Nonlinear Filter project. Initiate the Magnetic Passive Reset for Inertial Navigation System (INS) and the
devel opnent of Advanced GPS/INS (G N) Systens for Strike Wapons.

- EQIR Continue Jitter Conpensation devel opnent of |ow cost piezoelectric notion and jitter compensation
for high resolution visible and infrared sensors. MIllineter Wve (MWJ and TeraHertz (THz) | maging effort
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wi I | conpl ete devel opnent of MMWinmagers and continue devel opnment of THz imagi ng through fog, clouds,
clothing, and sone walls. Continue Nano Sensors devel opnent of ultra | ow noi se uncool ed nanot echnol ogy

i nfrared sensors and nanoatom ¢ sensor nonvolatile menories. Electronic Zoomeffort will continue devel opnent
of electronic liquid crystal based directional field of view and zoomimagers. Continue multi-sensor
(visible, infrared, mllimeter wavel ength, terahertz and | aser imagers) fusion for objection recognition

- Electronics: Continue high power HC PBG devel opment and Yb doped ceram c YAG hi gh power |aser efforts.
Conpl ete target discrimnation effort by conducting a real time denonstration of spectral enmtance based
target/ material target descrimnation using LWQWP sensor. Conplete study of WSLs for nultiband IR
phot odi odes by denonstrating hi gh performance dual -band LW & VLI R phot odi ode operation. Conplete study of
pre-growt h nmol ecul ar hydrogen cl eani ng of GaSb substrates. (NRL)

- Electronic Warfare: Continue IR obscurant technol ogy devel opment effort. (NRL)

- Communi cations: Continue covert high bandwi dth comruni cations effort. Conplete devel opment of MW
retroreflector with Cat's Eye Backplane. Transition conpact, |ight-weight MQWconmunications to operational
forces. (NRL)

FY 2007 Pl ans:

- Navi gati on Technol ogi es: Continue Rb C ock devel opment and testing, Fiber Optic R ng Gyroscope devel oprent,
GPS AJ and Direction Finding al gorithm devel opnent, Magnetic Passive reset for INS, and Advanced GPS/ I NS
systenms for strike weapons. Conplete Network Centric Navigation (Link-16 Time Transfer), Distributed Tinme
St andards, and Tightly Coupled GPS/INS/Loran efforts.

- EQ IR Conpl ete devel opnent of | ow cost piezoelectric nmotion and jitter conpensation for high resolution
visible and infrared sensors. Continue MIIlineter Wave (MW and TeraHertz (THz) | magi ng project. Conplete
devel opnent of ultra | ow noi se uncool ed nanot echnol ogy i nfrared sensors and continue devel opment nanoat oni c
sensor nonvol atile nenories. Conplete devel opnment of electronic liquid crystal based directional field of

vi ew and zoom i magers. Conplete multi-sensor (visible, infrared, nmllineter wavel ength, terahertz and | aser
i magers) fusion for objection recognition effort.

- Electronics: Conplete denmonstration of high | aser power through IR transnmitting HC PBG fiber. Conplete
performance optim zati on and scaling | aw devel opment for the Radiation Bal anced Laser. (NRL)

- Electronic Warfare: Conplete devel opment of | R obscuration technol ogies for surface vessel protection to
achi eve order of nmagnitude inprovement over current obscurants and devel op di ssem nation system prot otype.
(NRL)

- Communi cations: Continue devel opnent of free space |aser conmunications systens with the devel opment of a
hybrid infrared systemw th dramatically | ower power requirenents at the sensor/transmtter. (NRL)

Rl Line Item 4
Page 12 of 24

UNCLASSI FI ED



UNCLASSI FI ED

FY 2006/ 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: Feb 2005
Exhi bit R-2a

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602114N PROGRAM ELEMENT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH
PRQIECT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH

FY 2004 FY 2005 FY 2006 FY 2007
ELECTRI C VWEAPONS 13, 452 9, 898 38, 632 30, 328

The goal of this activity is to develop Directed Energy (DE) and El ectric Propul sion power weapons for Navy
applications. One major conmponent of the DE programis the Free Electron Laser (FEL) which if successfu

could be applicable for shipboard applications as a defense weapon agai nst advanced crui se m ssiles and
asymmetric threats. The other mmjor conponent is the EM gun work that is focused on devel oping the technol ogy
to launch a long range projectile fromNavy ships. This activity also includes NRL investnent/performance in
t hese research areas.

FY 2004 Acconpli shnents:

- DE: Conpleted comi ssioning and denonstration of a 10 kWFEL. Perforned FEL beam quality experinments at
the 10 kWl evel and conducted design studies for advanced injector configurations. |Initiated design studies
to evaluate multiple design alternatives and costs involved with the devel opment, fabrication, and
denonstration of a 100 kW FEL.

- EMgun: Initiated programto devel op EM gun technology. Initial effort focused on rail wear issues, energy
storage, and pul sed power switching. Denonstrated 90nm prototype in initial lethality tests against different
strike targets.

FY 2005 Pl ans:

- DE: Continues with fabrication of high current, high brightness injectors including superconducting Radio
Frequency (RF) cavity base design. Conduct experiments with alternative FEL anplifier configurations to
conpare performance to current oscillator configuration and to deternmine the best scale up path to a negawatt
FEL.

- Investigate tribologic aspects of sliding nmetal-to-nmetal high current contacts in the rails of EMrail guns.
(NRL)

FY 2006 Pl ans:

- DE: Performl1l mcron filanentation, halo linmtation, and short Rayl eigh range studies. Continue lethality
testing and optical propagation studies. Current injector task will conplete assenbly and test the Advanced
Energy Systems (AES) Cryounit. Continue testing of radio frequency (RF) gun Hi gh Voltage Power Supply (HVPS)
Rl Line Item4
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conponents which are required for the 100 kWhigh current injector. Install HVPS gun and conmm ssi on HVPS.
Begi n gun performance tests and 750 MHz cryounit integration. FEL devel opnent effort will continue 750 Mz
cryonodul e design, conplete facility upgrade for 100 kW FEL devel opnent, and begi n cryonodul e construction

- EM gun: Develop technology for Full Scale Proof of Concept Denonstrator for testing of integrated I aunch
package (ILP) in 2009. Conduct investigation of inmproved rail gun rail wear techniques. Conduct testing of
capaci tor based pul se form ng network systemto 32 negajoul es (of 200 required) of stored power wth
prototypical rail gun systemincreasing in power |evel and projectile speed, while exanmining rail/bore life
i ssues expected to be seen at |arger scale.

- Pursue superior designs of insulators to handle the thermal and mechani cal shocks generated by the launch in
EM rail guns. (NRL)

- Create and devel op novel electric weapon architectures and designs that enhance perfornance and

mai ntai nability. (NRL)

FY 2007 Pl ans:

- DE: Conplete gun performance tests. Conplete 750 MHz Cryounit integration and | ow power characterization
FEL devel opnent task will conplete cryonodul e design. Continue cryonodul e constructi on.

- EM Gun: Continue exam nation of rail/bore life issues expected to be seen at |arger scale. Conplete Heat
Transfer and Heat Managenent anal ysis. Conduct analysis of Dynanic Load Sharing of Hi gh Power Electrica
Distribution Bus architecture. Conplete initial high power swtching demonstration required for electrica
pul se formng network (PFN). Assess el ectronagnetic noise to nearby power systens and el ectronics systens.

- Investigate surface treatnents such as advanced coatings or "MAX-phase" materials to harden the rails in

el ectronagnetic railguns. (NRL)

- Devel op designs of viable novel electric weapon architectures that enhance performance and naintainability.
(NRL)

FY 2004 FY 2005 FY 2006 FY 2007
STRI KE TECHNOLCOG ES 5,438 3,959 1, 657 743

The focus of this effort is on those technologies that will support Naval Precision Strike Operations and
provide the Navy of the future the ability to quickly locate, target, and strike critical targets ashore. NRL
i nvest nent/performance in this effort are included.

Rl Line Item 4
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FY 2004 Accomnplishnents:

- Enhanced Target Acquisition and Locating System (ETALS): Conpl eted devel opnent of the nmechani cal
electrical, and software interfaces between the Mniature Azimuth Gyroconpass Unit-1 (MAGJ 1) and the Target
Locati on Designation and Handoff System (TLDHS) Lightwei ght Laser Designator/Rangefinder (LLDR). Conducted
operational testing of the MAGUJ1 to verify that it is suitable for the planned repl acenent for the AN GVS-5.
- Advanced Gun Barrel (AGB) & Seeker Technol ogy: Continued devel opnent of refractory materials, coating/liner
application processes, netal matrix conposites, and integration into two advanced barrel concepts for use on
the DD(X) ship.

- Initiated investigation of wi de bandwi dth anplifier technol ogy for decoy applications. Investigate arrays
of passive reflectors to provide a distributed Radar Cross Section (RCS) at Wband. (NRL)

FY 2005 Pl ans:

- AGB & Seeker Technol ogy: Continue work necessary for full scale fabrication of a prototype 155mm gun barre
wi th advanced interior. Develop and test advanced functionally graded conposite material designs and
fabricate a conposite barrel test section. Conplete devel opment of advanced m ssile guidance technol ogy and
automatic target recognition / targeting for tinme sensitive targets.

- Initiate the devel opnent of inproved processing algorithms for integration into existing Synthetic Aperture
Radar (SAR) inmage formati on processors to enhance the resolution of SAR data. (NRL)

- Initiate devel opment and denonstration of image-while-scan (IW5) technol ogi es needed to performimagi ng and
identification of targets of radars operating in non-spotlight node. (NRL)

- Continue wide bandwi dth anplifier devel opnent. (NRL)

FY 2006 Pl ans:

- Hand Hel d Precision Targeting: Conplete devel opnment of the rangefinder nodul e i ncluding integration of an
inertial measurement unit (I MJ) and nagnetonmeter. This will allow the forward observer to use a | aser range
finder for target designation in a nagnetically hostile environment.

- AGB & Seeker Technol ogy: Continue Advanced Gun barrel technol ogy prototype devel opnent.

- Continue SAR al gorithm devel opment, |IW5 technol ogy devel opment, and w de bandwi dth anplifier devel oprment.
(NRL)

Rl Line Item 4
Page 15 of 24

UNCLASSI FI ED



UNCLASSI FI ED

FY 2006/ 2007 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET

Exhi bit R-2a

BUDGET ACTIVITY: 02
PROGRAM ELEMENT: 0602114N
PRQIECT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH

FY 2007 Pl ans:

- AGB & Seeker Technol ogy: Conplete with testing of ful
multiple projectile test firings.
- Continue |W technol ogy devel opnent. (NRL)

PROGRAM ELEMENT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH

scal e advanced gun barre

DATE: Feb 2005

t echnol ogy prototype using

- Conplete SAR al gorithmwork by incorporating algorithmic tools into existing SAR systemfor testing. (NRL)
- Conplete wide bandwi dth anplifier effort by testing eval uating candi date decoys agai nst Wband radars. (NRL)

CONGRESSI ONAL  PLUS- UPS:

FY 2004

FY 2005

ADVANCED DEVELOPMENT AND DEMONSTRATI ON OF ELECTRI C
ACTUATOR TECH

1,154

0

Prototype electric actuators was devel oped and tested. An assessnent of the suitability of electric actuators
to replace the present hydraulic actuators for shipboard use was conduct ed.

FY 2004

FY 2005

ADVANCED HI GH ENERGY THERMOBARI C WARHEAD DEVEL OPMENT

0

990

This effort will configure and denonstrate an advanced hi gh-energy thernobaric explosive conposition that wll

provi de enhanced internal blast pressures and noderate therm
LAW (Li ght Anti-tank Weapon) ASM Primary efforts include fuze devel opnment and booster testing.

effects in confined environments for

FY 2004

FY 2005

ADVANCED HYBRI D STORED ENERGY DEVI CES FOR AFFORDABLE Al R
VWEAPONRY

0

1, 485

Ef fort supports Advanced Hybrid Stored Energy Devices for Affordable Air Waponry.
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FY 2004

FY 2005

ADVANCED MULTI - | NT EXPLO TATI ON SYSTEMS ( AM ES)

2,698

0

DATE: Feb 2005

This effort devel oped a suite of airborne multi-intelligence sensors (SIG NT and ELINT) along with existing

advanced sensors. Devel oped the required signal processing algorithnms and optim zed them for

f usi on.

FY 2004

FY 2005

ADVANCED REACTI VE MATERI AL ENHANCED NANOCOVPOSI TE
WARHEADS ( ARVENW

2,485

2,575

real -ti me sensor

This effort supported the manufacturing technol ogy devel opnent and production scale up of high density nano

mat eri al conposites used in the construction of advanced warheads for air and surface weapons.

FY04 —

Formul at ed new nano netal and metal oxide materials and conpositions enhancing ordnance abilities against
surface and air targets. High density nano nmetals conpounded wi th hydrocarbon and fluorinated pol ymers using

reproduci bl e producti on techni ques were denonstrated and eval uat ed.
FYO5 — Conduct research, devel opnent, and testing of high density reactive nateria

conpositions (densities

greater than 5 gramficubic centinmeters) to determ ne effectiveness agai nst various surface and air targets.

FY 2004

FY 2005

ADVANCED SMART OPTI CAL SENSOR PAYLOAD TECHNOLOGY FOR
SURVEI LLANCE

0

990

Ef fort supports Advanced Smart Optical Sensor Payl oad Technol ogy for Surveill ance.

FY 2004

FY 2005

Al RCRAFT CARRI ER SURVEI LLANCE SYSTEM

0

2,774

Ef fort supports Aircraft Carrier Surveillance System
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FY 2004

FY 2005

CHEM CAL WEAPON DETECTI ON FOR UAV APPLI CATI ONS

1, 349

0

DATE: Feb 2005

This effort devel oped a standoff (non-contact up to 1000 feet away) passive sensor of chem cal weapon agents

for use on the Silver Fox expendable UAV or if reconfigured for

be based on differential absorption radioneter (DAR) technol ogy.

use as a handhel d devi ce.

FY 2004

FY 2005

COVBUSTI ON LI GAT GAS GUN

4, 090

4,160

The new sensor w ||

This effort involved the devel opnent of the technol ogies to develop a hyper-vel ocity weapon based on high-

energy electric plasma ignition heating of injected |ight gas.
handling and fill system and conpleted set up and test fire of 45nm gun test
155mm CLGG system capabl e of denobnstrating full scale, single shot

characteristics using cryogenic propellants.

FY04: Conmpleted initia

per f or mance.

FY 2004

FY 2005

DEVI CE | NTEGRATI ON OF WBG SEM CONDUCTORS AND CRYSTALI NE
OXI DES

1, 345

1,684

desi gn of cryogenic
FY05: Design and engi neer a
Denonstrate operationa

FY04: This effort devel oped techni ques and instrunentation to inprove passive oxide conponents for tunable
power microwave anmplifiers for application to the Advanced Multifunction Radi o Frequency System FYO05: The

deposition system for oxi de conponent deposition will be conm ssioned and growth paraneter variables
gquantified. Test structures will be grown for initial calibration and feedback for optinization of deposition
parameters.

FY 2004 | FY 2005
ELECTROVAGNETI C (EM RAIL GUN TEST MUNI TI ON 0 1,090

Ef fort supports Electronmagnetic (EM Rail Gun Test Minition
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FY 2004 FY 2005
FI RELI DAR 1, 445 1, 684

FY04: This effort devel oped an eyesafe | aser imaging system conplenmentary to IR inmagers. Firelidar used a 1.5
m cron |laser and a highly transm ssive narrow band filter to minimze bloonming fromfire sources, to see

t hrough snoke, water, and glass. FYO05: Effort will focus on innovative technol ogies to overcone the
deficiencies of an infrared sensors used by firefighters. These sensors currently bloom and becone useless in
bri ghtness of a hot fire. The approach will use laser illumnation and spectral filters to see through fire
and smoke. Imagery will also be relayed via a wireless LANto the comand center

FY 2004 FY 2005
FREE ELECTRON LASER 6, 728 0

This effort devel oped technol ogies to support the devel opnent of a high average power Free El ectron Laser
systemthat is applicable to shipboard self defense.

FY 2004 FY 2005

GALLI UM NI TRI DE (GAN) M CROELECTRONI CS AND MATERI ALS 2,884 0
DEVEL OPVENT

This effort developed a reliable Gallium N tride (GaN) Radi o Frequency (RF) Power Technol ogy that is nore
reliable and affordable by bringing 4 inch wafer processing on Iine and through the use of H gh Density
Di el ectric Passivation (HDDP) processes.

FY 2004 FY 2005
H GH EFFI CI ENCY PI EZCELECTRI C CRYSTALS 2,024 0

This effort devel oped defect-free | ead magnesi um ni obate-lead titanate (PMN-PT) piezoelectric crystal materia
for significant (2-10) cost and performance inprovenment in Navy sonar and hydrophones, |aser-acoustic
nodul ators, focal plane micro-dither, and el ectronic beam steering applications.
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FY 2004

FY 2005

HYBRI D LI DAR- RADAR FOR | MPROVED OPTI CAL | MAG NG

1, 639

0

This effort devel oped frequency nodul ati on techni ques on 3D | aser

ef fects of medi um backscatter and stray light interference.

wat er and through cl ouds.

DATE: Feb 2005

PROGRAM ELEMENT Tl TLE: POWER PRQJECTI ON APPLI ED RESEARCH

ranged i magi ng sensor to mtigate the

These techni ques will

FY 2004 | FY 2005
HYPERSONI C WEAPONS ENABLI NG CAPABI LI TY 0 990
This effort will devel op Hypersoni c weapon integration technol ogies.

FY 2004 | FY 2005
| NTEGRATED Bl OLOG CAL WARFARE TECHNOLOGY PLATFORM 4,962 3, 467

al l ow i magi ng i n nurky

Warfare Defense (1 BCW) decision anal ysis
FY05: The program wil |
real -time response

FY04: This effort applied the integrated Biol ogical and Chem ca
technol ogy software to survey vessels approaching aircraft carriers on the high seas.
transformthe | BOWD software franmework into a systemthat provides situation awareness,

pl anni ng, and integrated collaborative center for decision maker interaction

FY 2004 | FY 2005
| NTEGRATED HI GH PAYOFF ROCKET PROPULSI ON TECHNOLOGY 988 0
PROGRAM ( | HPRPT)

This effort devel oped technol ogies that increase the performance of solid propellants used in tactica
m ssiles. Tasks involve synthesis of high energy propellant ingredients and formulations and investigate
advanced propul sion technol ogies to neet the | HPRPT performance goal s.
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VEHI CLES

FY 2004 | FY 2005
| NTEGRATED PERSONNEL PROTECTI ON SYSTEM 0 1,188
Ef fort supports Integrated Personnel Protection System

FY 2004 | FY 2005
| NTELLI GENT CONTROL SYSTEMS FOR SWARM UNMANNED AERI AL 4, 096 0

This effort devel oped the algorithms and intelligent control

technol ogi es to enabl e the enpl oyment of multiple

UAV's for the completion of a variety of operational nissions.

FY 2004 | FY 2005
| NTERROGATOR FOR HI GH SPEED RETRO- REFLECTOR COVERT 1,928 1,981
COVMUNI CATI ONS

FY04: This effort

for wide intercept angle to mnimze |aser interrogator

increased retro reflector data rate to 10-50 Megabits per second.
poi nting accuracy.

Devel oped Cats-eye |ens
FY05: This effort will devel op and
| aser interrogator on a snall

deliver a mcro electronic nmechanical system (MEMS) optical mirror, steered

tactical UAV and interrogate a 50 Mops retro-reflector on an unattended ground sensor.
FY 2004 | FY 2005

KI LL ASSI ST ADVERSE- VEATHER TARGETI NG SYSTEM ( KAATS) 3,059 1,684

Thi s devel oped technol ogi es to support a systemthat wll
adverse weather for tinme critical mssions.
integrated into the Joint
UAV.

Direct Attack Munitions (JDAM weapon.
Denonstrate sensor on a UAV with relative targeting against a fixed target.

provi de precision targeting and weapon delivery in
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FY 2004 FY 2005
M LLI METER/ TERAHERTZ | MAG NG ARRAYS 0 2,081

This effort will performwork to realize sinmultaneous infrared (IR) and millinmeter wave (MW i nmagi ng
capabilities through a conmon aperture and to fuse IR and MWVimagery for all-weather and high resolution

i magi ng.

FY 2004 FY 2005
MOBI LE ON- SCENE SENSOR Al RCRAFT C4l CENTER 0 990

This effort will develop a nobile forward C4l depl oyed center that can receive inmagery from an airborne sensor
and executing command and control over that sensor

FY 2004 FY 2005
NON- LI NEAR DYNAM CS - CONTROL OF CHAGS 3,278 0

This effort initiated a new research institute focused in the broad area of nonlinear dynanmics with specific
research topical areas such as chaos-excited nondestructive eval uati on, m cromechanical/m crofl uidic devices,
adaptive antenna arrays, and autononous vehicle controls.

FY 2004 FY 2005
RADAR | NFRARED | MAG NG 2,017 0

This effort devel oped a new type of passive millinmeter wave (MW inmager based on the inposition of MW\ side
bands on an optimal carrier. |f successful, this approach will significantly inprove MMVinmaging sensitivity

per f or mance.
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FY 2004 | FY 2005
SI LVER FOX UNMANNED AERI AL VEHI CLE ( UAV) 0 2,476
This effort is to integrate the |atest sensor and data link technologies into the Silver Fox UAV. The work
will also expand the operational use of Silver Fox into the maritinme environnent.
FY 2004 | FY 2005
THERVAL MANAGEMENT SYSTEMS FOR HI GH DENSI TY ELECTRONI CS 5, 059 5, 943
FY04: This effort eval uated and denonstrated advanced cooling techniques for mlitary processing systens. It

i ncl uded the cooling of a classified telecomunications processing system whi ch has Speci a
It al so ruggedi zed high capacity i mgery and data fusion processing airborne
have been devel oped and refine the

(SOF) depl oyment requirenents.

Qper ati ons Forces

hardware. FY05: The work will utilize the advanced cooling techniques that

techniques to work within the space, weight, and durability requirenments of nobile el ectronics.
FY 2004 | FY 2005

ULTRA SHORT PULSE LASER TECHNOLOGY 1, 349 0

This effort established a mcronmachining testbed to assist the transfer of ultra-short
Devel oped precise mcro-machining with negligible heat affected zones,

t echnol ogy.

bl ades, fuel injectors and airfranmes, sem conductor nmachining on Infrared foca
FY 2004 | FY 2005
UNATTENDED | MAG NG SENSOR NETWORK (Ul SN) 0 990

Ef fort supports Unattended | magi ng Sensor Network (Ul SN)
C. OTHER PROGRAM FUNDI NG SUMVARY:

NAVY RELATED RDT&E:

PE 0601152N (I n-house Laboratory I ndependent
PE 0601153N (Def ense Research Sci ences)

PE 0602123N (Force Protection Applied Research)

Resear ch)
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PE 0602235N ( Conmon Picture Applied Research)

PE 0602131M (Mari ne Corps Landi ng Force Technol ogy)

PE 0603114N (Power Projection Advanced Technol ogy)

PE 0603640M ( Mari ne Corps Advanced Technol ogy Denonstrati on)
PE 0603790N ( NATO Research and Devel opnent)

NON- NAVY RELATED RDT&E:

PE 0602303A (M ssile Technol ogy)

PE 0602618A (Ballistics Technol ogy)

PE 0602624A (Weapons and Munitions Technol ogy)

PE 0603004A (Weapons and Munitions Advanced Technol ogy)
PE 0602173C (Support Technol ogi es — Applied Research)
PE 0603763E (Mari ne Technol ogy)

PE 0603739E (Advanced El ectroni cs Technol ogi es)

PE 0602702E (Tactical Technol ogy)

PE 0602203F ( Aerospace Propul sion)

PE 0602601F (Space Technol ogy)

PE 0602602F ( Conventional Munitions)

PE 0603216F (Aerospace Propul sion and Power Technol ogy)

D. ACQUI SI TI ON STRATEGY:
Not appl i cabl e.
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