UNCLASSIFIED
FY 2003 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2002

BUDGET ACTIVITY: 2 PROGRAM ELEMENT: 0602747N
PROGRAM ELEMENT TI TLE: Undersea Warfare Applied Research

(U) COST: (Dollars in Thousands)

PRQIECT
NUMBER & FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 TO TOTAL
TITLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWLETE PROGRAM

Undersea Warfare Applied Research
* 75, 834 71,294 72,850 73, 324 71,108 71,793 CONT. CONT.

**The Science and Technol ogy PEs were restructured in FY 2002. FY 2001 efforts were funded in PEs 0602314N, 0602315N
and 0602633N

A (V) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON

(U In countering the proliferation of quiet diesel subnarines to third world countries and Russia s continued

i nvestnment in submarine technol ogy, work within this Program El ement (PE) provides an enabling capability for power
projection and force sustainability. This approach protects the country’'s capital investnent in surveillance,

submarine, surface ship and air Anti-Subrmarine Warfare (ASW assets by exploring those high risk/high payoff
technol ogi es that prom se to provide capabilities of exceptionally high mlitary value in five to fifteen years. These
technol ogy options include research in the follow ng areas:

I mproving reliable undersea target detection and tracking to enable on-command application of precision offensive
mlitary force. Prograns include undersea sensors and arrays to provide robust shallow water surveillance and
reconnai ssance, and to detect undersea threats to the surface battleforce. This effort also includes Navy unique
research and technol ogy issues associated with creating a tinmely and intelligible tactical picture of the undersea
battl espace.

Doni nating the undersea battl espace to enable tinely execution of joint/conbined operations and to ensure joint
force sustainability. Prograns include advanced sensors and arrays for both inproved ASWsurveillance and enhanced
battl eforce sel f-defense, ASWdata fusion for better tactical control, and |l ow frequency active sonar and rapidly
depl oyabl e surveillance systens for covert/non-covert indication and warning.

I mproving reliable undersea target detection and tracking, thus enabling joint battleforce sustainability.
Prograns include the entire spectrum of technol ogy devel opnment undertaken in support of the Littoral ASW (LASW Future
Naval Capability (FNC)
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I mprovi ng under sea weapons effectiveness while reducing overall costs through inprovenents to current systens as
wel | as the devel opnent of new weapons concepts. The goal of Undersea Weaponry is to produce cost effective, quick
reaction intelligent weapons incorporating broadband processing with battlegroup connectivity, intelligent
count ernmeasures, hard kill torpedo defense, inproved littoral operation, and weapon flexibility. Several Science and
Technol ogy (S&T) chal l enges nust be addressed including cluttered operating environnents, multi-path acoustic
propagation, |ow no doppler targets, detonation physics, high density power sources, and fusing/safety/arning
mechani cs. The technol ogy devel oped under this project will be transitioned to the acquisition community for
incorporation into existing platfornms. These efforts support the Littoral ASWand Pl atform Protecti on FNCs.

(U) The Navy Science and Technol ogy program i ncludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U) Due to the nunber of efforts in the PE, the prograns described are representative of the work included in the PE
(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis funded within the Applied Research Budget Activity because it

i nvestigates technol ogi cal advances with possible applications toward solutions to specific Naval problens, short of an
advanced devel opnent effort.

B. (U) PROGRAM ACCOMPLI SHMENTS AND PLANS:

1. (U) FY 2001 ACCOWPLI SHVENTS

(U) ($10,087) Wde Area Surveillance

I NI TI ATED:

(U) Devel opnment of signal processing algorithnms for active sonar systenms that renove unwanted clutter produced by
sound reflecting off the ocean surface and bottom thereby inproving the ability to detect weak echoes from
submarines (Funded in PE 0602314N)

(U New Kel p design based on HYDRA technol ogy. KELP is a bottom moored, ultra-light, buoyant vertical line array
that enploys a node concept that allows autonompus processing of threat signals and transni ssion of detection,
classification, and localization (DCL) data. HYDRA is a bottom nmounted, ultra-Ilight sparse barrier array enploying
aut onomous si gnhal processing and self-repairing features (Funded in PE 0602314N)
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(U) Devel oprment of ultra | ow power electronics to support advanced renmpote sensing devices (Funded in PE

0602314N) .

(U Inmproved nmulti-static processing for air deployed inmpul sives using cepstrum anal ytic processing (Funded in PE
0602314N) .

(U Depth estimation techniques for coherent echo ranging in coherent surveillance systems (Funded in PE
0602314N) .

(U Assessnent to evaluate the use of an acoustic intensity sensor as an active receiver (Funded in PE 0602314N).
(U Inplementation of Compact Deployable Miultistatic Receiver (CDVMR) Processing Laboratory (Funded in PE
0602314N) .

(U) Devel oprment and dempnstration of In-Buoy Signal Processing strings for COVR (Funded in PE 0602314N).

(U) Devel opnment of advanced technol ogy depl oyabl e pl anar array (Funded in PE 0602314N).

(U) Devel oprment of an enhanced acoustic sparker source for environmental and ASW applications including tank
measur enents (Funded in PE 0602314N).

CONTI NUED:

(U) Devel oprment of acoustic signal processing Detection, Classification, and Localization techniques for

aut onomous under sea applications (Funded in PE 0602314N).

(U Refurbishnment and fabrication of T-Size X-Gider to denpnstrate standoff ASW surveillance concept devel opnment
and eval uation (Funded in PE 0602314N).

(U) Devel oprment of a famly of ultra-lightweight, ultra-low power air-, surface ship- or submarine-depl oyabl e,
Mat ched Field Tracking Arrays to be used for barrier (Hydra) or area (Kelp) surveillance or as organic off-board
sensors for submarines (Funded in PE 0602314N).

(U) Devel oprment of inproved off-board, acoustic multi-static source conponents, processing algorithms, and
performance predictive tools (Funded in PE 0602314N).

(U Milti-static ASW Capabilities Enhancenment (MACE) multi-static processing devel opment (Funded in PE 0602314N).
(U At sea testing and data analysis for nmulti-static processing al gorithm devel opment (Funded in PE 0602314N).
(U Transition of a suite of processing techniques to the Air Deployable Active Receiver project for use with
undersea surveillance in-buoy processing (Funded in PE 0602314N).

(U) Devel opnment of Tel esonar acoustic comruni cati ons system for use with depl oyabl e, autonomus systens—el esonar
net wor ks consi st of mnodul at ors/ denodul ators (nmodens) used for comruni cating acoustic data anmong undersea sensing
conmponents. (Funded in PE 0602314N).

COVPLETED:
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(U) Phase conjugation algorithm devel opnment and eval uati on (Funded in PE 0602314N)

(U) Devel oprment of large aperture, bottom mounted array/signal processing (Funded in PE 0602314N)

(U Assessment and report on ASW performance of Hydra during RDS-3 (Rapidly Depl oyabl e Systens) experiment
(Sep/ Cct 2000) (Funded in PE 0602314N)

(U) Depl oyabl e Autonomous Distributed System (DADS) sensor/signal processing devel opment for autononous
detection/classification of submarines using magnetic matched field processing (Funded in PE 0602314N)

(U The devel oprment of a signal processing systemfor a new nultistatic sonar system using air-depl oyed expl osive
sound sources and air-depl oyed sonobuoys based on an operational concept called “non-traditional scattering” of
sound off of submarines (Funded in PE 0602314N)

(U Assessnent of initial sea test data using over-the-side nulti-static sources. Detections were obtained at
tactically significant ranges against a small submarine in a littoral environnent. (Funded in PE 0602314N)

(U Advanced conpact nulti-static Air Deployed Active Receiver with active & passive in-buoy signal processing
design trade studies (Funded in PE 0602314N)

(U) ($30,796) Battl egroup ASW Def ense:

I NI TI ATED:
(U) Devel oprment of a suite of signal processing inprovenents for “coherent” active sonar systens, thereby
improving the ability to detect, classify and |ocate snmall, slow noving submarines in shallow water environnments

(Funded in PE 0602314N)

(U) Devel oprment of structural magneto-restrictive materials for ruggedi zed acoustic transducer. The devel opnment
of these materials will enable nmore rugged transducer designs thus extending the reliability and service life of
acoustic transducers under expl osive shock conditions. (Funded in PE 0602314N)

(U) Devel oprment of Lead Zirconate Titanate (PZT) materials for high field direct current (DC) biased operation to
permt high power operation of acoustic transducers as neans to double acoustic output (Funded in PE 0602314N)
(U) Design of Magnetostrictive Piezoelectric Transducer (MPT) for H gh Frequency (HF) broadband (2+ octave) use
in the submarine conformal array program (Funded in PE 0602314N)

(U) Devel oprment of outboard power electronics for HF conformal array programrequiring electronics coincident
with the conformal array (Funded in 0602314N)

(U) Devel opnent of HF broadband panel projector array for HF conformal programutilizing feedback to naintain
control over array behavior over a frequency range of 2+ octaves (Funded in PE 0602314N)

(U Evaluate Fishline fiber optic sensor designs for submarine, surface ship & air deployed ASWarrays (This
effort was reported previously under Cooperative ASW (Funded in PE 0602314N).
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(U Denobnstration of Environmentally Adaptive Sonar Technol ogy (EAST) signal processing techniques in a Fleet
operational effort (Funded in PE 0602314N).

(U Design/integration of Utra-Low Frequency (ULF) and Extrenely Low Frequency (ELF) El ectromagnetic (EM
sensors signal processing and environnmental noise cancellation techniques for submarine detection onto the
Vertical Take-off Unmanned Air Vehicle (VTUAV) (Funded in PE 0602314N).

(U Sea tests of optical standoff sensor systems (Funded in PE 0602314N).

CONTI NUED:
(U Environnmentally adaptive processing devel opment for non-Gaussi an background noi se (Funded in PE 0602314N).

(U Wdeband transmt waveforminvestigations for reduced reverberation and i nproved detection (Funded in PE
0602314N) .

(U) Devel oprment of Integrated Bow Conformal (1BC), Low Frequency Hull Array (LFHA), and Vol unetric towed arrays
(Funded in PE 0602314N).

(U EAST: Devel opnent of technical approaches for automating the operational configuration of sonar systens in
response to real-tinme analysis of the acoustic field and rel evant (measured) environnmental paraneters to reduce
oper at or wor kl oad, enabl e reduced manni ng, and inprove performance in the littoral environments (Funded in PE
0602314N) .

(U) Devel oprment of broadband hybrid transducer array for SSBN applications to replace the aging bathymetry
transducer. (Funded in PE 0602314N).

COVPLETED:
(U) Devel oprent of signal processing nethods that enable inproved target |ocalization estimtes and

differentiation between man-nmade and natural transient noises (Funded in PE 0602314N).

(U) Devel opnment of signal processing algorithms for submarine towed arrays that provide inproved target

| ocalization estimtes (Funded in PE 0602314N).

(U Utra-wi de waveform target strength nodel - based neasurenents and nodel i ng (Funded in PE 0602314N).
Assessnent of environmental and system factors on processing performance (Funded in PE 0602314N).

(U Affordable towed array construction, denonstration and transition to Twinline Towed Array (TB-29) for SSNs
(Funded in PE 0602314N).

(U) Devel opment of a m d-frequency broadband panel projector utilizing active feedback for a towed acoustic
source application with very small tow bodies (Funded in PE 0602314N).

(U) Devel opnment of |ow frequency, low profile cynbal transducers to be unobtrusively nounted on unmanned vehicl es
for m ne-hunting applications (Funded in PE 0602314N).
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(U Evaluation of piezoconposites as broadband projector materials (Funded in PE 0602314N)

(U Extrenely Low Frequency Em ssions (ELFE) technol ogy through data analysis/final report of denonstrations and
al gorithm devel opment (Funded in PE 0602314N)

(U) Devel opment of a fully bistatic, broadband ocean surface scattering strength nodel and provided the nodel to
the Navy Ocean and At nmospheric Master Library (OAML). Conpleted validation of nultistatic active system
performance nodel s using experimental data. Conpleted fabrication of a threat submarine physical scal e nodel.
Conpl eted val i dation of statistical nmodels that characterize the non-gaussian (non-normal statistica
distribution) properties of clutter for |ow frequency/ m d frequency active sonar systenms. Devel oped a simulation
capability for forward scatter echo detection system concepts (Funded in PE 0602314N)

(U) Devel opment of an interrogation systemfor a 96-channel optical array to be used for testing in a joint
United States/United Kingdom (US/ UK) programin FY 2002. Denonstrated a 30dB increase in response over previous
coatings for a new polymer coated fiber sensor. Devel oped cross-frequency correlation and tine-frequency
filtering algorithnms that reject false targets associated with surface shipping. Provided an inmproved surface
shi ppi ng source spectra nodel to Space and Naval Warfare Systens Command (Funded in PE 0602314N)

(U Denonstration of a prelimnary application of H dden Markov Models to identify/classify environmental clutter
mechani sms encountered by active sonar systenms. Hidden Markov Models are algorithns used to extract signals that
are otherw se hidden by noise (Funded in PE 0602314N)

@) Cooperative ASW The effort previously reported under this area (Cooperative ASW is now included under
W de Area Surveillance (Funded in PE 0602314N)

(V) (%28, 770) Neutralization:

I NI TI ATED:

(U) Devel opnment of Stealth Torpedo Honmi ng Concepts needed to denonstrate the operational utility of stealthy
weapon sensors. The effort includes devel opi ng associ ated conmbat control algorithms needed for effective weapon
enpl oyment as well as autononpus weapon gui dance algorithns (Funded in PE 0602633N)

(U) Devel oprment of technologies to enable a Heavywei ght torpedo and its host platformto be effectively enpl oyed
as a fully linked on-board and of f-board sensor system (Funded in PE 0602633N)

CONTI NUED:
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(U) Devel oprment of Undersea Weapon Design and Optim zation (UADO) tools using physics based nodel s, conputationa
techni ques, and codes to optim ze undersea weapon system designs with respect to cost and performance requirenments
(Funded in PE 0602633N)

(U) Devel opnment of broadband signal processing and intelligent torpedo control advancenents (i ncludi ng waveforns,
algorithms, etc.) that will dramatically inmprove single- and multi-ping detection, classification and |ocalization
of threat targets (Funded in PE 0602633N)

(U) Devel opnent of signal processing algorithnms ained at passively Detecting, Classifying and Localizing threat
torpedoes and torpedo counternmeasures for close-in waterborne/underwater threats and hi gh-speed weapons (Funded
in PE 0602633N)

(U) Devel opnent of Torpedo Noi se Modeling and Control concepts that support devel opnent of |ong-range quiet
weapons; including reduction of radiated noise of current and next generation torpedoes to mininze target
alertment and classification of the launch platform (Funded in PE 0602633N)

(U) Devel opnment of concepts and design tools for undersea weaponry warhead fuzing, detonation processes and
target interactions, and enhanced kill nechani snms. Devel opnent of these tools will permt the elimnination of
several iterations of enpiricisms in the design and testing cycle with significant cost and time savings.

Devel oprment of these advanced concepts will permit the devel opment of enhanced performance torpedo warheads in
reduced vol unes (Funded in PE 0602633N)

(U) Devel opnment of active-passive vibration nmount concepts to reduce weapon machi nery vibration and noi se

radi ati on (Funded in PE 0602633N)

(U Research on high power propul sion technol ogies and integrated hybrid power systens for advanced undersea
weapons that reduce life-cycle costs, increase power and energy densities, and enhance stealth. Efforts include
hybrid propul sion system nodel i ng, high power rechargeable batteries, nmicro-turbines, and hydroreactive materials
(Funded in PE 0602633N)

(U) Devel opnment of Hi gh- Speed Supercavitating torpedo vehicle control and hom ng sensor technol ogies. Continue
conduct of experinments and tests on vehicle control concepts and hom ng sensors (Funded in PE 0602633N)

(U) Devel oprment of M croEl ectroMechani cal Systems (MEMs) Safing and Arnming (S&A) technology (less Inertial
Measurerment Unit (1 MJ)) (Funded in PE 0602633N)

(U) Devel opnment of technol ogies to support connectivity between a torpedo and a fixed sensor. I|ncludes:
generation of a fire control quality track by the fixed sensor, comunication between a torpedo at speed and a

fi xed sensor node, guidance of the torpedo by the fixed sensor in the face of counterneasures and evasive
maneuvers by the target (Funded in PE 0602315N)

COVPLETED:
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(U) Concept devel opment of Feature Based Navigation and Mapping that offer underwater vehicle navigation nmethods
that allow the potential of achieving bounded errors for |long-duration m ssions and offering a nethod to avoid the
need for acoustic beacons or surfacing for external position fixing and resets (Funded in PE 0602633N)

(U) Dual -node war head concept devel opnent for torpedo counterweapon(s) (Funded in PE 0602633N)

(U) FY2001 Congressional Pl us-ups:

(U) ($871) Lithium Carbon Monofluoride Coin Cells for Battery Application Technology Provides low toxicity

el ectrolytes and safer, higher energy CFx cathode material than present lithiumbatteries. This battery
technol ogy coul d double the mission time of naval m nes and surveillance systens over that provided by the use of
existing lithiumbatteries. (Funded in PE 0602314N)

(U (1,931) Continued Undersea Warfare MEMS. This will pernit reduction of size and cost of future torpedo S&A
systens by up to 90% (Funded in PE 0602633N)

2. (U FY 2002 PLAN:

(V) ($13,206) Wde Area Surveillance

I NI TI ATE:

(U Project to mniaturize DADS sensor/control nodes by a factor of 10 with equal or better perfornance for
littoral applications

(U) Devel oprment of inproved |ow frequency active source transducers to reduce their size and cost

(U) Conpact nulti-static Air Deployed Active Receiver with active and passive |In Buoy Signal Processing—design
Experimental Super Air Deployed Active Receiver at-sea data collection and denonstrate buoy based on FYO1l design
trade-of f studies

(U) Perfornance evaluation of a new nmultistatic sonar system using air-deployed expl osives and air-depl oyed

sonobuoys based on an operational concept called “non-traditional scattering” of sound off of submarines

CONTI NUE:
(U) Devel opnent of signal processing algorithnms for active sonar systens that renove unwanted clutter produced by

sound reflecting off the ocean surface and bottom thereby inproving the ability to detect weak echoes from
submari nes
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(U) Devel oprment of a famly of ultra-lightweight, ultra-low power air-, surface ship- or submarine-depl oyabl e,
Mat ched Field Tracking Arrays to be used for barrier (Hydra) or area (Kelp) surveillance or as organic off-board
sensors for submarines

(U) Devel oprment of ultra | ow power electronics to support advanced renote sensing devices

(U At sea testing in support of algorithm devel opnent, source reliability, and system conmponent denonstrations
using multiple nulti-static sources

(U) Devel oprment of inproved off-board, acoustic multi-static source conponents, processing algorithms, and
performance predictive tools

(U Transition of a suite of signal processing techniques to the Super- Air Deployed Active Receiver undersea
surveil l ance sonobuoy effort

(U Assessnent to evaluate the use of an acoustic Intensity sensor as an active receiver

(U) Devel opnment of an enhanced acoustic sparker source for environnmental and ASW applications

(U Inplenmentation of CDVR Devel opnment | aboratory to provide end-to-end devel opnent and test capability for the
CDMR processing string

(U Progressive devel opnent of the CDWVR processing string through builds 2 and 3

(U) Tel esonar acoustic communi cations system for depl oyabl e systens

COVPLETE:

(U) Devel oprment of acoustic signal processing detection, classification, and |ocalization techniques for
aut ononmous under sea applications

(U Inproved signal processing for nultistatic sonar systems enploying expl osive sound sources based upon a
signal processing nethod called “cepstrum processing”

(U Assessnent and report on partial aperture Hydra acoustic ASW performance during Seaweb technical feasibility
denmonstrations in Septenber 2001. Seaweb refers to collection of Tel esonar nodens.

(U Design/integration of ULF/ ELF EM submari ne detection system nounted on VUAVs

(U) Denonstration of a full-scale X-dider deploynment gliding over a prescribed course

(U Initial denonstration of multi-static processing

(U) Devel opnent of advanced technol ogy depl oyabl e planar array. Conplete investigation of technol ogies for
packagi ng |l arger array apertures in expendabl e systens.

(U) Denonstration of first Build of CDVR I n-Buoy processing String to denmonstrate the initial reduction in
required |ink bandwi dth.

(U) ($40,390) Battl egroup ASW Def ense:
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I NI TI ATE:

(U) Passive Acoustic array test-bed design and installation to support future passive sonar system designs

(U) Devel oprent, denmponstration, and transition of signal processing algorithnms designed to detect and classify
acoustic signatures of threat submarines

(U Planning for advanced Counter-Torpedo DCL (CTDCL) devel oprment for surface ship defense in conplex salvo
scenari os.

(U) Devel oprment of conpact, broadband, high frequency cynbal arrays for conformal array applications that wll
provi de greater than one octave transmit capability above 10 kHz for conformal array applications

(U Evaluate Reduced Di aneter towed arrays

(U Pre-track fusion for shipboard coherent echo rangi ng systens

(U) Devel oprent of environmental adaptive track formation techni ques for coherent echo ranging

(U Assessnent of Naval Sea Systens Command ( NAVSEA) AN WBQ 11( )/ Tripwire design and performance docunentation
(U Assessnent of Tripwire performance requirements in conplex salvo and background acoustic scenari os

(U Inmprovenent of Tripwi re system HF sensor acoustic signal loss for salvo data collection risk reduction

(U Initiate research to design high frequency, high dynam c-range fiber optic acoustic arrays for the |IBC
system Initiate research to develop the virtual sonar array concept for any hull-nounted sonar (e.g., submarine,
aut onomous underwat er vehicle, torpedo).

CONTI NUE:
(U) Devel oprment of a suite of signal processing inprovenents for “coherent” active sonar systens, thereby
improving the ability to detect, classify and |ocate small, slow noving submarines in shallow water environnments

(U) Devel oprment of IBC, and Volunetric towed arrays

(U) Devel oprment of outboard power electronics and controls for conformal arrays that are highly reliable and of a
| ow profile design

(U) Devel oprment of structural magnetostrictive materials to enable nore rugged acoustic transducer designs
capabl e of expl osive shock survivability and useable as structural menmbers in innovative transducers.

(U) Devel oprment of PZT materials for high field DC biased operation to permt high power operation of acoustic
transducers.

(U) Devel oprment of Fishline fiber optic sensor designs for submarine, surface ship & air depl oyed ASW arrays
(U EAST: Devel opnent of technical approaches for automating the operational configuration of sonar systens in
response to real-tinme analysis of the acoustic field and rel evant (measured) environmental paraneters to reduce
oper at or wor kl oad, enabl e reduced manni ng, and inprove performance in littoral environments.
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( Denonstrate EAST signal processing techniques in a Fleet operational effort

( I mproved multi-static processing for |ight weight sound system (LWSS) and air depl oyed inpul sives

( Sea tests of optical standoff sensor systens

( Design/integration of ULF/ ELF EM submari ne detecti on system nmounted on VTUAVs

(U Collection nmeasurenment data in support of developing the forward scatter echo detection concept. Continue to
devel op threat target scattering databases using physical scale nodel submarines. Continue investigations into
the application of time-reversal acoustic techniques applicable to active sonar systens.

(U Determination of factors that limt the resolvability of individual noise sources by |arge aperture acoustic
arrays in the littoral environments. Fabricate and test the response of |ong sections of polymer coated fibers
(U Extension of Hi dden Markov Mdel techniques to identify/classify submarine-like targets and additiona
environnmental factors that produce scattering. |Incorporate acoustic wavegui de effects into the Hi dden Markov
Model al gorithns.

ccee

COVPLETE:

(U Transition of ultra-w de waveform target strength nodel -based nmeasurenents and nodeling to rel ated

i nvestigations

(U Transition of environnentally adaptive processing devel opment for non- Gaussi an background noi se

(U) Devel oprment of the MPT array for the HF conformal programthat can deliver high power over a 2+ octave
frequency band.

(U) Devel opnment of HF broadband panel projector array for the HF conformal array programw th the capability of
vel ocity control over the entire frequency band of operation

(U) Devel oprment of broadband hybrid transducer array for the SSBN program Conplete a denonstration on an SSBN
test platformof this nore reliable, nodern replacenment transducer array.

(U) Devel opnent and validation of bistatic, broadband boundary and vol une scattering strength nodels. Conplete
devel opnment of physics-based active classification algorithms that extract specific signal conponents froma
target echo.

(U) Cooperative ASW Efforts previously reported under this area (Cooperative ASW are now included under W de
Area Surveillance

(V) (%$22,238) Neutralization:

| NI TI ATE:
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(U A Dual Use S&T (DUS&T) | ow noise integrated notor propul sor project entitled LAMPrEy (Low Acoustic signature
Mot or / Propul sor for Electrically powered undersea vehicles) to further enhance the Torpedo Stealth project.

(U) Devel oprment of an Active Noise Control technology that reduces vehicle shell vibration and noise radiation
usi ng Active Fiber Conmposite materials.

(U) Devel oprment of adaptive broadband processing algorithnms that will dramatically inmprove single- and multi-ping
detection, classification and | ocalization of threat targets.

(U) Devel opnent of directed energy concept proof of principle for enhanced perfornmance undersea war head.

CONTI NUE:

(U) Devel oprment of UMDO tool s using physics based nodels, conputational techniques, and codes to optim ze

under sea weapon system designs with respect to cost and performance requirenments.

(U) Devel oprment of innovative adaptive broadband signal processing algorithns that will inprove a torpedo’ s
single ping detection, classification and |ocalization performance. This initiative will |everage single
processi ng advances made in the radar community.

(U) Devel oprment of signal processing algorithms ained at Detecting, Cassifying and Localizing threat torpedoes
and torpedo counternmeasures for close-in waterborne/underwater threats and hi gh-speed weapons.

(U Transition of counter-torpedo technol ogies to NAVSEA (PMS-415) Tripw re Torpedo Defense System (AN WSQ 11).
(U Research on high power propul sion technol ogies and integrated hybrid power systens for advanced undersea
weapons that reduce life-cycle costs, increase power and energy densities, and enhance stealth. Efforts include
nmodel s for hybrid propul sion systens, high power rechargeable batteries, mcro-turbines, and hydroreactive
mat eri al s.

(U) Devel opnment of concepts and design tools for enhanced kill mechani sns of Undersea Warheads. Devel opnent of
these tools will pernmit the elimnation of several iterations of enpiricisms in the design and testing cycle with
significant cost and time savings. Developnent of these advanced concepts will permt the devel opment of enhanced
performance torpedo warheads in reduced vol unes.

(U) Devel oprment of Stealth Torpedo Homi ng Concepts needed to denmonstrate the operational utility of stealthy
weapon sensors. The effort includes devel opi ng conbat control al gorithns needed for effective weapon enpl oynment
as well as autonomous weapon gui dance al gorithns.

(U) Devel oprment of technol ogies to enable a Heavywei ght torpedo and a shooting platformto be effectively
enployed as a fully |inked on-board and of f-board sensor system

(U) Devel oprment of active-passive nmount technol ogi es for reduci ng weapon machi nery noi se by conducting | aboratory
experiments and denonstrations.
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(U) Devel oprment of Hi gh- Speed Supercavitating torpedo vehicle control and hom ng sensor. Continue to conduct
experiments and tests on vehicle control concepts and hom ng sensors.

(U) Devel oprment of technol ogies to support connectivity between a torpedo and a fixed sensor. I|ncludes:
generation of a fire control quality track by the fixed sensor, comunication between a torpedo at speed and a
fi xed sensor node, guidance of the torpedo by the fixed sensor in the face of counterneasures and evasive
maneuvers by the target

COVPLETE:

(U) Devel oprment of torpedo noise nodeling devel opment and incorporate it into the UADO desi gn tool box.

(U) Devel oprment of underwater explosive effects hydro code that provides conputational methods to accurately
evaluate the effects of damage resulting from underwater expl osions.

(U) Devel opnment of MEMs S&A technology (less IMJ). This capability permits reduction of size and cost of future
torpedo S&A systems by up to 90% Insertion of an IMJinto the S&A permts the reduction of the safe standoff

di stance required for a quick reaction weapon w thout any own-ship safety conproni se.

(l» FY2002 Congressional Pl us-ups:
(U) Sem - Aut ononpbus Underwater Vehicle for Intervention Mssions (SAUVIM: The objective of this project is to
devel op and denopnstrate the control nethodol ogi es and al gorithnms necessary to perform conplex tasks using a
robotic arm attached to an underwater vehicle. The problemis enhanced by strong underwater currents, force
f eedback, object recognition, and object dinensioning. (Appropriated in PE 0602633N, $1, 685)

3. (U FY 2003 PLAN:

(U)($16,418) Wde Area Surveillance

I NI TI ATE
(U Hydra adaptations for use as an off-board sensor for submarines
(U Investigation of a new surveillance concept based on an underwater acoustic theory called “tinme-reversal echo

rangi ng”
(U) Devel oprment of inprovenments for off-board multi-static source conponents to reduce cost and increase
reliability
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CONTI NUE:

(U) Devel oprment of a famly of ultra-lightweight, ultra-low power air-, surface ship- or submarine-depl oyabl e,
Mat ched Field Tracking Arrays to be used for barrier (Hydra) or area (Kelp) surveillance or as organic off-board
sensors for submarines

(U Performance evaluation of a new nultistatic sonar system using air-deployed expl osives and air-depl oyed
sonobuoys based on an operational concept called “non-traditional scattering” of sound off of submarines

(U) Devel oprment of ultra | ow power electronics to support advanced renote sensing devices

(U Project to mniaturize DADS sensor/control nodes by a factor of 10 with equal or better perfornmance for
littoral applications

(U) Devel oprment of inproved off-board, acoustic multi-static source conponents, processing algorithms, and
performance predictive tools

(U) Devel oprment of |ow frequency active source transducers

(U Sea tests of optical standoff sensor systens

(U) Tel esonar acoustic communi cations system for depl oyabl e systens

(U Assessnent to evaluate the use of an acoustic Intensity sensor as an active receiver

(U) Design, fabrication and shakedown testing of Experinmental Super Air Deployed Active Receiver

(U) Progressive devel opnment of the CDWVR processing string through builds 3 and 4

(U) Tel esonar acoustic comruni cati ons system for depl oyable systenms (This effort was reported previously under

Cooperative ASW

COVPLETE:

(U) Assessnent and report on Hydra performance during RDS-4 (Rapidly Depl oyabl e Systens) testing schedul ed for
Sept enber 2002

(U Transition of a suite of signal processing algorithnms to Super Air Deployed Active Receiver undersea

surveill ance sonobuoy processing effort

(U Analysis of FY 02 nulti-static source sea-test data

(U Denonstration of Build 2 of CDVMR I n-buoy processing string. Conplete further reduction of |ink bandw dth over
build 1.

(U) ($34,703) Battl egroup ASW Def ense:

I NI TI ATE:
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(U Inproved techniques to distinguish submari ne echoes from echoes produced by ocean bottom features using
detail ed surveys of the ocean bottomand its geol ogic properties

(U) Design of shipboard coherent sonar systenms based on | ow probability of intercept waveforminvestigations

(U Final design and subsequent fabrication of a partial HF conformal transducer array for concept denonstration
The design will be selected from candi date desi gns devel oped earlier in this program

(U) Devel oprment of single crystal piezoelectric conposite materials with the goal of adapting the materials to a
vi abl e transducer design capable of operating at a broad bandwi dth and producing 5 tines the power output over
conventional piezoelectric materials.

(U Research to optimze in-situ nulti-static active sonar performance based on broadband, physics-based
scattering nodels and environnental feedback al gorithms

(U Assenbly and | aboratory nmeasurenents of a |large aperture virtual sonar array. |Initiate research to determ ne
the underwater channel capacity limts for high frequency acoustic comrunications in support of autononous
oper ati ons.

(U) Devel opnment of a geo-acoustic inversion capability for submarines that uses data fromthe submarine’ s passive
towed array

CONTI NUE:

(U) Passive acoustic array test-bed design and installation to support future passive sonar system designs

(U) Devel opnent, denmpnstration, and transition of signal processing algorithnms designed to detect and classify
acoustic signatures of threat submarines

(U Testing of IBC, and Volunetric towed arrays

(U Testing of Fishline fiber optic sensor designs for subnmarine, surface ship, and air depl oyed ASW arrays
(This effort was reported previously under Cooperative ASW

(U) Devel oprment of Reduced Di aneter towed arrays

(U) Devel opnment of PZT materials (known as Gal fenol) under high field DC bi ased operation as a nmeans to inprove
hi gh power performance and linearity under high power operation with at |east double the power output of ordinary
pi ezoel ectric materials.

(U) Devel oprment of structural magnetostrictive materials for transducer applications requiring non-brittle
conmponents with the goal of producing a structurally strong and rugged magnet o-active material for acoustic
transducer applications

(U) Devel oprment of conpact, high frequency cynbal transducer (a Class V flextensional transducer) for inclusion
into a thin conformal array |ess than one-half inch thick
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(U) Devel opnment of a suite of signal processing inprovenents for “coherent” active sonar systens, thereby
improving the ability to detect, classify and | ocate small, slow nmoving submarines in shall ow water environnments
(U) Devel oprment of a new torpedo defense system for surface ships, including performance assessnment, data
collection, data analysis, and al gorithm devel oprent

(U EAST: Devel opnent of technical approaches for automating the operational configuration of sonar systens in
response to real-tinme analysis of the acoustic field and rel evant (neasured) environnmental paraneter

(U) Denonstration of EAST signal processing techniques in nultiple Fleet operational effort

(U) Devel oprment of advanced technol ogy depl oyabl e pl anar array

(U) Devel oprment of outboard power electronics for high power, broadband conformal arrays including power
anplifiers, tuning (and receive circuitry, if required), and pressure tolerant conmponents

(U Optical standoff sensors platforminstallation and performance testing

(U Design/integration of ULF/ ELF EM submari ne detection system mounted on VTUAVs

(U) Devel opnment of acoustic time reversal techniques for active sonar systens through sinmulation studies and

pl anning for at-sea testing

(U Fabrication and field testing of the performance of a conplete polyner coated fiber array. Continue
fabrication and calibration of individual high frequency fiber optic sensors. Continue assenbly and conduct

| aboratory neasurenents of a large aperture virtual sonar array.

(U Integration of Hi dden Markov Mddel techniques with traditional submarine tracking algorithnms and eval uate
overal | effectiveness for in shallow water ASW applications.

COVPLETE:

(U Current EAST devel opnent.

(U Sea tests of optical standoff sensor systens

(U Transition to Naval Air Systens Command (NAVAIR) EER (Ext ended Echo Rangi ng) the forward scattering echo
detection algorithns. Conplete acquisition of scal e-nodel threat target scattering databases and assess robustness
of target scattering features to environnmental distortion

(U)($20,173). Neutralization:

I NI TI ATE

(U) Devel oprment of a Weapon Design and Optinization capability in a virtual environnent using results of FYOl and
FY02 efforts.

(U Validation of torpedo vulnerability assessment nethodol ogy and codes.
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CONTI NUE:

(U Inmplementation of Multidisciplinary Design Optimnization (MDO) in weapon design. Continue optimnzation of
under sea weapon system designs with respect to cost and performance requirenments.

(U) Devel opnment of a DUS&T | ow noi se integrated notor propul sor project entitled LAMPrEy to further enhance the
Torpedo Stealth project.

(U) Devel oprment of Hi gh- Speed Supercavitating torpedo vehicle control and hom ng sensor. Continue to conduct
experiments and tests on vehicle control concepts and hom ng sensors.

(U Research on high power propul sion technol ogies and integrated hybrid power systens for advanced undersea
weapons that reduce life-cycle costs, increase power and energy densities, and enhance stealth. Efforts include
nmodel s for hybrid propul sion systens, high power rechargeable batteries, mcro-turbines, and hydroreactive
mat eri al s.

(U) Devel oprment of Stealth Torpedo Homi ng Concepts needed to denmonstrate the operational utility of stealthy
weapon sensors. The effort includes devel opi ng conbat control al gorithns needed for effective weapon enpl oynment
as well as autonomous weapon gui dance al gorithns.

(U) Devel oprment of technol ogies to enable a Heavywei ght torpedo and a shooting platformto be effectively
enployed as a fully |inked on-board and of f-board sensor system

(U) Devel oprment of directed energy concept proof of principle to substantially enhance the performance of

under sea war heads.

(U) Devel opnment of concepts and design tools for enhanced kill mechani sns for Undersea Warheads. Devel opnent of
these tools will pernmit the elimnation of several iterations of enpiricisms in the design and testing cycle with
significant cost and time savings. Developnent of these advanced concepts will permt the devel opment of enhanced
performance torpedo warheads in reduced vol unes.

(U) Devel oprent of innovative adaptive broadband processing algorithms that will inprove a torpedo’s single ping
detection, classification and |ocalization performance. This initiative will |everage signal-processing advances
made in the radar community.

(U) Devel oprment of signal processing algorithms ained at Detecting, Cassifying and Localizing threat torpedoes
and torpedo counternmeasures for close-in waterborne/underwater threats and hi gh-speed weapons.

(U) Devel opnment of technol ogies to support connectivity between a torpedo and a fixed sensor. I|ncludes:
generation of a fire control quality track by the fixed sensor, comunication between a torpedo at speed and a

fi xed sensor node, guidance of the torpedo by the fixed sensor in the face of counterneasures and evasive
maneuvers by the target.
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COVPLETE:

(U) Devel opnment of active-passive mounts for reduci ng weapon machi nery noi se; commence denonstration of active-
passi ve nmount technol ogies with in-water torpedo testing.

(U Conplete in-water denmponstration of Smart Skin for torpedo noise radiation control concepts. Active
controller hardware will be inplenented in Active Fiber Conposites project.

(U) Devel oprment of broadband signal processing and intelligent torpedo control for dramatically inproved single-
and rmulti-ping detection of broadband signal processing and intelligent torpedo control advancenments (including
waveforms, algorithms, etc.) that will dramatically inprove single- and multi-ping detection, classification and
| ocalization transition to MK-48 CBASS Program (PE 0205632N).

C. (U PROGRAM CHANGE SUMVARY:

FY 2001 FY 2002 FY 2003
FY 2002 President's Budget ** 76, 510
Adj ustnents from FY 2002 President's Budget:
Section 8123 Mgnt Reform I nitiative -676
FY 2003 President’s Budget Subm ssion * % 75, 834 71, 294

**The Science and Technol ogy PEs were restructured in FY 2002. FY 2001 efforts were funded in PEs 0602314N, 0602315N,
and 0602633N.

(U CHANGE SUMVARY EXPLANATI ON:

(U) Funding: Not Applicable.
(U) Schedul e: Not Applicable.

D. (U OTHER PROGRAM FUNDI NG SUMVARY:
(U NAVY RELATED RDT&E:
(U) PE 0601153N (Defense Research Sciences)
PE 0602114N (Power Projection Applied Research)
PE 0602123N (Force Protection Applied Research)
PE 0602435N (GCcean Warfighting Environnment Applied Research)
PE 0602782N (M ne and Expeditionary Warfare Applied Research)
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PE 0603114N (Power Projection Advanced Technol ogy)

PE 0603123N (Force Protection Advanced Technol ogy)

PE 0603506N (Surface Ship Torpedo Defense)

PE 0603553N (Surface ASW

PE 0603747N (Undersea Warfare Advanced Technol ogy)

PE 0603758N (Navy Warfighting Experinments and Denonstrations)
PE 0604221N (P-3 Mderni zation Program

PE 0604261N (Acoustic Search Sensors (ENG))

PE 0604784N (Di stributed Surveill ance Systens)

ccccccces

5

(V) NAVY RELATED RDT&E:

PE 0603763E (Mari ne Technol ogy)

PE 0603739E (Advanced El ectronics Technol ogi es)

PE 0602702E (Tactical Technol ogy)

PE 0602173C (Support Technol ogi es — Applied Research)

cccc

E. (U) SCHEDULE PROFILE: Not applicable.
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