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(U COST: (Dollars in Thousands)

PRQIECT
NUMBER & FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ESTI MATE ESTI MATE  ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM
N A M ne Counterneasures, M ning and Speci al \Warfare Technol ogy
48, 084 44,773 50, 864 51, 708 52, 027 50, 091 51, 320 CONT. CONT.
A (V) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION: Thi s Navy program el enent (PE) provides technol ogi es for naval

M ne Counterneasures (MCM, U S. Naval sea mines, Naval Special Warfare, and Departnent of Defense (DOD) Expl osive O dnance
Di sposal (EQD). It is strongly aligned with the Joint Chiefs of Staff Joint Warfighting Capabilities through the devel oprment
of technol ogies to achieve mlitary objectives (Power Projection fromthe Sea) with mninml casualties and collateral damage.
The PE supports the Joint Littoral Warfare M ssion Area by focusing on technologies that will provide the Naval Force with the
capability to domi nate the battl espace, project power fromthe sea, and support forces ashore with particul ar enphasis on
rapi d MCM operations. The MCM conponent concentrates on the devel opnent and transition of technol ogies for organic mne
count ermeasures and Future Naval Capabilities supporting Ship to ojective Maneuver. These include technol ogies for

cl andestine mnefield surveillance and reconnai ssance, organic self-protection, organic mnehunting, neutralization/breaching
and cl earance. The sea m ning conponent enphasizes offensive sea mning capabilities. The Naval Special Warfare and ECD

t echnol ogy conponents concentrate on the devel opnent of technol ogies for near-shore m ne/obstacle detection and cl earance,
mobility and survivability, as well as expl osive ordnance di sposal.

(V) MCM Technol ogy: Third-worl d nations have the capability to procure, stockpile and rapidly deploy all types of
naval m nes, including new generation mnes having sophisticated performance characteristics, throughout the littoral
battl espace. “Desert Stornf denonstrated the U S. Navy’'s needs to counter the projected third-world mne threat. Advanced
technol ogies are required to rapidly detect and neutralize all mne types, fromdeep water to the beach. This task has two
maj or thrusts: (1) Mne/obstacle detection and (2) mine/obstacle neutralization. The detection thrust includes: renote
sensing techniques to survey threat mning activities and m ne/ obstacle field | ocations; advanced acoustic/ non-acoustic
sensors and processing technol ogies for rapid mnefield reconnai ssance and determ nati on of the | ocation of individual mnes
and obstacles. The majority of these sensors and techni ques were denonstrated in FY 1997 and FY 1998 as part of the Joint
Count er mi ne Advanced Concepts Technol ogy Denonstration (JCM ACTD). The neutralization thrust includes influence sweeping
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technol ogi es for influence mnefield clearance, explosive and non-expl osive technol ogi es for surf zone (SZ) m ne/obstacle
field breaching, and advanced technol ogies to rapidly neutralize shallow water (SW sea m nes.

(V) M ne Technol ogy: The requirenments for inproved sea nmine technol ogi es has changed due to the reduced threat of the
traditional nmodern submarines and surface ships. The elevated threats today are the third-world submarines and surface ships
whi ch may be encountered in the littoral waters of regional conflicts. Despite the dim nished sophisticated threat, it is
i nperative that the US Navy naintain a broad-based and robust sea mning capability through advanced m ne sensors,
envi ronnent al characterization, and systens performance anal ysis technol ogi es. Enphasis is placed on potentially high payoff
advanced sensors for target detection and discrimnation and on | ow cost, w de area sea nmi ne system concepts, including
positive command/ control mechani sns and expanded weapon effectiveness for regional warfare.

(V) Speci al Warfare Technol ogy: Naval Special Warfare (NSW mssions primarily support covert naval operations. The
goal is to develop technology required to i ncrease the conbat range and effectiveness of Special Warfare units. A mgjor
current focus is to devel op technol ogies to enhance the Sea-Air-Land m ssion of pre-invasion detection for clearance/avoi dance
of mines and obstacles in the very shall ow water (VSW and SZ approaches to the anphi bi ous | andi ng areas. |nprovenents to
m ssi on support equi pnment are needed to increase the probability of m ssion success, endurance and SEAL sw mrer survivability.

(V) ECD Technol ogy: Technol ogy devel opnent for ECD needs addresses the DOD Joint Service and interagency
responsibilities in EOD, including that required to counter and neutralize Wapons of Mass Destruction (WWD). The
t echnol ogi es devel oped are required for locating, rendering safe and di sposi ng of Unexpl oded Expl osive Ordnance (UXO). These
operations typically occur in deep, poor-visibility water, in areas of high background noise, and in strategi c operating areas
contam nated by a variety of UXO Advanced technol ogi es are needed for gaining access to areas contani nated by sophi sticated
area-deni al sensors and/or booby traps and for contending with WWD. These technol ogi es are expected to transition to the
Joint Service ECD Program the Naval EOD Programor the DOD Techni cal Response G oup.

(V) The Navy Sci ence and Technol ogy programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(V) Due to the sheer volunme of efforts included in this PE, the prograns described in the Acconplishnents and Pl ans
sections are representative selections of the work included in this PE
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JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the APPLI ED RESEARCH Budget Activity because

it investigates technol ogi cal advances wi th possible applications toward sol ution of specific Naval problens, short of a mgjor
devel opnent effort.

(U PROGRAM ACCOVPLI SHVENTS AND PLANS

1. (U FY 1999 ACCOVPLI SHVENTS:

(Y)

(Y)

M NE/ OBSTACLE DETECTI ON:

(U Acoustic Sensors: Conpleted analysis of performance and effectiveness of Toroidal Vol une Search Sonar
(TVSS), denonstrated during JCM ACTD. Denonstrated Synthetic Aperture Sonar (SAS) technol ogy during Fleet Battle
Experiment (FBE) Echo (Kernal Blitz), M ne Readiness and Effectiveness Measurenent (M REM 9, and GOMVEX99 (Cul f
of Mexico Experinent). Initiated devel opnent of broadband sonar transmitter for SAS application to enhance
detection/classification probabilities, area search rate, and environnental adaptability.

(U Electro-Optic Sensors: Denonstrated |aser line scan electro-optic identification sensor during FBE-Echo
(Kernal Blitz), MREMD, and GOVEX99. Initiated devel opnent of scene classification algorithnms based on target
optical properties. Begin feasibility studies to define the characteristics of an advanced el ectro-optic
identification sensor that neasures the spectral properties of mne-like objects and the surroundi ng scene.

(U Electro-Mgnetic Sensors: Conpleted devel opnment of thin film H gh Tc superconducting gradi oneter for field
denonstration to investigate notion induced noi se characteristics.

(U Irmage Processing and Cassification Al gorithnms: Conpleted assessnment of effectiveness of nmulti-sensor data
fusion techni ques denonstrated during JCM ACTD and initiated devel opnent of inprovenents indicated by the
assessnment. Initiated devel opnent of broadband acoustic signal processing algorithnms and techni ques for SAS
application to provide increased coverage rate, increased target image resolution, and extended sonar range.
Initiated environmental | y adapti ve processing techniques to maintain high detection probabilities under varying
and adverse environnental conditions.

M NE/ OBSTACLE NEUTRALI ZATI ON:

(U Shallow Water (SW Mne Neutralization: Initiated effort to devel op technol ogy to sweep pressure influence
m nes by focusing on the characterization of pressure signatures of surface ships in ocean swell.

(U Surf Zone (SZ) Mne Neutralization: Expanded mne vulnerability data base to include neutralization
criteria for recently devel oped threat mnes with potential for use in the SZ and beach environnents.

I nvestigated i nnovative concepts for energetic neutralization of SZ m nes.
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(U Cbstacle Breaching: Determned effects of directed energy warheads agai nst |ight/nedi um obstacles in water
and air. Investigated innovative concepts for clearance or burial of SZ obstacles.

SEA M NI NG

(U Intelligent Mne Network: Devel oped hardware/software to denonstrate feasibility of Distributed Autononpus
Depl oyed System ( DADS) - weapon concept .

(U Sea Mne Sensors: Conpleted testing of guidance sensors and signal processing for DADS-weapon in the

| aboratory.

(U Mnefield Command and Control: Conpleted assessnent of concept for command and control of DADS weapon

t hrough si mul ati on.

(U SWBottom M nes: Conpl eted assessnment of applicability of conmand and control concepts devel oped in prior
years to SWhbottom m nes.

SPECI AL WARFARE/ EQD:

(U Mssion Mbility Technol ogy: Transitioned | ow signature diver propul sion technol ogy. Devel op NSWsignature
reduction technol ogies. Continued devel opment of NSWIife support equiprment technol ogies.

(U M ssion Support Technol ogy: Began integration of sensors into a diver-portable multi-sensor buried

m nehunter prototype. |Initiated devel opnent of advanced portable real-tinme intelligence/sensor/ nmarker

t echnol ogi es.

(U dearance of UXO Investigated the use of broad band transm ssions to jamor neutralize the electronic
components of electronic safe and arnmed fuses. Expanded inverse scattering sensing capability of tine domain
el ectro-magnetic induction sensors to allow identification of individual buried UXO. Denonstrated a 10, 000
el ement acoustic array that provides a 1 centineter resolution inage of an underwater target at 20 frames per
second.

(U Response to WWD incidents: Conducted testing of a catal yst/sensor array technique for the detection and
localization of a WWD in a narine environment.

(U Extending the Littoral Battlespace (ELB)

Initiated devel opnment of nodeling and simul ati on of ELB conponent technol ogies. Devel oped ELB Measures of

Ef f ecti veness and Measures of Perfornmance supporting mlitary utility assessnment. Conducted integrated
feasibility denonstrations.

(U FY 2000 PLAN
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M NE/ OBSTACLE DETECTI ON:

(U Acoustic Sensors: Conplete devel opnent of broadband sonar projector for synthetic aperture sonar to enhance
detection/classification probabilities, area search rate and environnental adaptability. Integrate broadband
source on existing SAS testbed for field testing. Begin field test of broadband synthetic aperature technol ogy.
Begi n devel opnent of small acoustic sensors for integration on small autononous vehicles.

(U Electro-optic Sensors: Continue devel opment of scene classification algorithns based on target optica
properties. Conplete feasibility studies defining characteristics of advanced, nmulti-spectral mne
identification sensor. Initiate devel opnment of advanced el ectro-optic mne identification sensor

(U Electro-magnetic Sensors: Initiate field testing of thin film high tenperature superconducting gradi oneter
focusing on notion induced noi se characterization

(U Irmge Processing, Cassification Algorithnms, and Data Fusion: Continue devel opnent of broad band processing
t echni ques/ al gorit hm devel opment efforts. Continue devel opnment of environnentally adaptive processing

techni ques to extend detection/classification range of existing and energi ng sensor systens. Initiate data
fusion effort focusing on fusion of multi-platform multi-sensor data (with initial enphasis on fusion of in-
servi ce and devel opnental organic sensors).

M NE/ OBSTACLE NEUTRALI ZATI ON:

(U SZ Mne Neutralization: Continue devel opnment and eval uation of H gh Energy Low Pressure (HELP) expl osive
technol ogy to pronpte pressure-inpulse characteristics of explosives for nore efficient coupling into tilt-rod
mnes. Transition conpleted mne kill criteria for new threat mnes to PV5-407 in support of Distributed

Expl osi ve Technol ogy/ Shal | ow Wat er Breachi ng (DET/ SABRE) progranms. Initiate nondeterm nistic nodeling of mne
vul nerability. Initial efforts will be devel opnent of a nondeterministic nodel for a single nne

(U Cbstacle Breaching: Initiate devel opnent of |inear shaped charge array anti-obstacle technol ogy for
breachi ng of obstacles on the beach and in the surf. Continue devel opnent and eval uati on of small unnmanned
bottomrobotic platfornms to provide reconnai ssance and targeting data for mne and obstacl e cl earance systens.
Conti nue devel opi ng data base for damage characteristics of obstacles on land and in the water when subjected to
si mul t aneous and sequenced nultiple bonb detonations.

SEA M NI NG

(U Intelligent Mne Network: Conplete devel opnment of hardware/software to denonstrate feasibility of DADS
weapon concept. Begin denonstration of m ne network concept.

(U Sea Mne Sensors: Initiate field tests of guidance sensors and signal processing for DADS weapon
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(U Mnefield Command and Control: Initiate devel opnent of conmand and control hardware/software for
feasibility denonstration of mnefield command and control

SPECI AL WARFARE/ ECD

(U Mssion Mbility: Continue devel opnent of |ife-support equi pnent technol ogies. Mjor focus will be therma
protection for extremties. Initiate effort to increase Stirling engine performance from500 to 2000 watts.
Investigate material s and net hodol ogi es to enabl e non-magneti c val ve and actuator systens on NSWdi ver
propul si on vehicle systens.

(U Mssion Support: Continue devel opment of unmanned underwater vehicle (UUV) technol ogies to support VSW

reconnai ssance mssions. Initiate devel opment of broadband sonar technol ogy for diver and UUV depl oynent.
Initiate devel opnent of scannerless range imagi ng systemfor underwater applications. Continue devel opnent of
underwat er adhesive technologies. Initiate devel opment of depl oyable virtual environment based training aid and

tactical decision aid for NSWmn ssions.

(U dearance of UXO Initiate underwater vehicle coordination task to provide enabling technol ogies for

het er ogeneous systens of small UUVs to provide detection, classification, and identification of underwater

expl osi ve ordnance. Initiate devel opment of robotic actuators and mani pul ators based on artificial nuscle
materials. Investigate and inplenent neural techniques for visual imnmage processing and object recognition

(U Response to WWD Incidents: Evaluate concepts for detecting radiation interaction with water as a neans of
detecting the primary source of radiation

(U ELB: Conduct and assess integrated feasibility denonstrati ons of ELB technol ogi es. Devel op enhancenents to
battl espace network to enable real-tinme, seanl ess sensor to shooter functions. Initiate devel opnent of
technol ogi es to support near real-tinme operations/intelligence integration

3.(U) FY 2001 PLAN

(Y)

M NE/ OBSTACLE DETECTI ON

(U Acoustic Sensor: Complete field testing of broadband SAS technol ogy. Docunent results and begin transition
to PE 0603502N (Renote M nehunting Systen). Conplete devel opnent of small acoustic sensors for integration on
smal | aut ononmous vehicles. Conplete |aboratory testing of small acoustic sensors. Begin integration of
acoustic sensors on small autononmous underwat er vehicles, focusing on networking and adaptive sanpli ng.

(U Electro-Optic Sensors: Conplete devel opnent of advanced, nulti-spectral mne identification sensor

Initiate field testing of advanced mne identification sensor
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(U Electro-magnetic Sensors: Conplete field testing of thin film |ow tenperature superconducting gradi oneter.
Conpl et e docunmentation of test results and begin transition of PE 0603502N (Shal | ow Water M ne Count er measures).
(U Image Processing, Cassification Algorithnms, and Data Fusion: Conpl ete devel opnment of broad band processing
t echni ques/ al gorit hm devel opment efforts. Conplete devel opnent of environnentally adaptive processing

techni ques to extend detection/classification range of existing and energi ng sensor systens. Assess performance
of environmental |y adaptive processing techni ques during mne training exercise and docunent results. Begin
transition of environmentally adaptive techniques/algorithns to PE 0603502N (Renote M nehunting System) and AQS-
20/ X ai rborne m nehunting acquisition program Continue devel opnent of data fusion techniques/al gorithns
focusing on fusion of nmulti-platform multi-sensor data.

M NE/ OBSTACLE NEUTRALI| ZATI ON

(U SZ Mne Neutralization: Denonstrate performance of HELP charge against tilt rod mnes. Initiate study of

vul nerability of magnetic influence m nes obtained from Program Manager Naval Sea Conmand code SEA 407( PM5-407).
Devel op estimates of these mines interactions with shock and bubbl e | oadi ng and provide pre-test predictions in
support of DET/ SABRE tests. Continue nondeterm nistic nodeling of mne vulnerability. Transition conpleted
mne kill criteria for new threat mnes to PE 0603502N i n support of DET/ SABRE prograns.

(U Cbstacle Breaching: Investigate innovative concepts for clearance and burial of SZ and beach obstacl es.
Devel op supporting technol ogies that are critical to accurate and affordable delivery of high expl osive packages
fromover the horizon. Develop a nethodology that will provide a reliable prediction of explosive channeling

ef fects produced by using arrays of bonbs to provide a clear path in the surf and beach and craft |andi ng zones.

SEA M NI NG

(U Intelligent M ne Network: Conplete denonstration of mne network concept for DADS weapon.

(U Sea Mne Sensors: Conplete field testing of guidance sensors and signal processing algorithns. Conplete
docunmentation of field test results.

(U Mnefield Command and Control: Conduct field test of command and control of DADS weapon.

SPECI AL WARFARE/ ECD

(U Mssion Mbility: Continue devel opnent of life support equi pnent technol ogies. Transition enhanced
Stirling cycle engine technology to PM5-EQOD for use in VSWMCM DET. I nitiate efforts to devel op Diver Propul sion
Vehi cl e subsystens with | ower magnetic signature.

(U Mssion Support: Continue devel opment of UUV technol ogi es to support NSWreconnai ssance and mi ne cl earance
m ssions. Transition underwater adhesive technology to PV5-ECD. Continue devel opnment of broadband sonar
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technol ogi es for diver and UUV deploynent. Initiate devel opnment of advanced conformal

sensors for diver and UUV depl oynent.
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PROGRAM ELEMENT TI TLE: M ne Count er neasur es,

DATE: February 2000

M ni ng and Speci al Warfare Technol ogy

si de-1 ooki ng acoustic

- (U dearance of UXO Continue devel opnent of technol ogies to enabl e coordi nated behavi or and ni ssion execution

by unmanned underwat er vehicles. Continue devel opnent of

robotic mani pul ators and actuators based on artificial

muscle materials. Initiate devel opment of technologies to renotely jamor disable the functioning of Electronic

Saf ed Arned fused devi ces.

- (U Response to WWD Incidents: Evaluate prom sing techniques for detection of underwater

| aboratory setting.

(U PROGRAM CHANGE SUMVARY:

FY 1999

(U FY 2000 President’s Budget: 45, 496
(U) Appropriated Val ue:
(U Adjustnents from FYO0O PRESBUDG

(U) Congressional Recissions:

(U SBIR/ STTR Transfer: -716

(U Various Rate Adjustnents:

(U Inflation Adjustnents: -208

(U Execution Adjustnents: 3,512
(U FY 2001 PRESBUDG Subni ssi on: 48, 084

(U Schedule: Not applicable.
(U Technical: Not Applicable.
(U OTHER PROGRAM FUNDI NG SUMVARY: Not applicabl e.

(U RELATED RDT&E:

FY 2000

45, 022
45, 022

- 249

44,773

(U This programhas strong ties to the PE's |listed bel ow

(U PE 0601153N (Defense Research Sciences)

(U PE 0602131M (Marine Corps Landi ng Force Technol ogy)
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(U)
(U)
(U)
(U)
(U)
(U)
(U)
(U)
(U)
(U)
(U)
(U)
(Y)
I'S

(U Th

Laboratori es.

0602233N
0602314N
0602435N
0602633N
0603502N
0603555N
0603654N
0603782N
0604654N
0603640M
0602712A
0603606A

1160401BB ( Speci al
1160402BB ( Speci al

D. (U SCHEDULE PRCFI LE:
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PROGRAM ELEMENT TI TLE: M ne Count er neasur es,

(Human Systens Technol ogy)
(Undersea Warfare Surveillance Technol ogy)

(Cceanogr aphi ¢ and At

nospheri ¢ Technol ogy)

(Undersea \Warfare Wapons Technol ogy)
(Undersea Warfare and MCM Devel opnent)

(Sea Control and Litt

oral Warfare Technol ogy Denonstration)

(Joint Service EOD Devel opnent)

(M ne and Expeditionary Warfare Advanced Technol ogy)
(Joint Service EOQD Devel opnent)

(Marine Corps Advanced Technol ogy Deno)

(Count ermi ne Syst ens)

(Landm ne WF and Barrier Advanced Technol ogy)

Not appl i cabl e.

Operati on Technol ogy Devel opnent)
Operation Advanced Technol ogy Devel opnent)
program adheres to Tri-Service Reliance Agreenments on EQD with coordi nati on provided by the Joint
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