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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) 
DATE 

February 2003 

APPROPRIATION/BUDGET ACTIVITY 
RDT&E, Defense-wide 

BA3 Advanced Technology Development 

R-1 ITEM NOMENCLATURE 
Sensor and Guidance Technology 

PE 0603762E, R-1 #46 

COST (In Millions) FY 2002 FY2003 FY2004 FY2005 FY2006 FY2007 FY2008 FY2009 

Total Program Element (PE) Cost 190.133 217.378 342.914 354.877 349.565 365.931 348.959 357.163 

Guidance Technology SGT-01 35.258 38.991 33.169 29.423 32.291 31.268 31.237 31.207 

Aerospace Surveillance Technology 
SGT-02 20.145 34.388 24.114 31.875 27.888 30.779 30.749 30.720 

Air Defense Initiative SGT-03 18.676 20.657 25.039 31.861 27.398 29.314 34.167 34.133 

Sensors and Exploitation Systems 
SGT-04 116.054 123.342 144.852 130.637 127.867 147.545 148.610 178.463 

Classified SGT-CLS 0.000 0.000 115.740 131.081 134.121 127.025 104.196 82.640 

 
(U) Mission Description: 
 
(U) The Sensors and Guidance Technology program element is budgeted in the Advanced Technology Development Budget Activity because 
it is developing the system oriented technologies necessary to enhance sensor and weapon system accuracy and capability to meet current and 
emerging threats.  Four projects are funded in this program element: Guidance Technology, Aerospace Surveillance Technology, the Air Defense 
Initiative, and Sensors and Exploitation Systems. 
 
(U) The Guidance Technology project will increase the ability of Global Positioning System (GPS) users to operate effectively in presence of 
enemy jamming; to increase the versatility of navigation systems applications by developing microelectromechanical sensor inertial navigation 
system technologies; and to apply the geolocation technologies/techniques to precision threat geolocation of short-dwell emitters or passive air 
defense systems.  Fire-and-forget standoff weapons need precise targeting information if critical fixed and mobile targets are to be eliminated 
effectively with minimal collateral damage and minimum cost-per-kill.  This requires that:  (1) military surveillance and targeting systems 
geolocate targets accurately in the same coordinate system in which the weapon system navigates; (2) the surveillance, targeting and weapon 
systems have precision navigation and guidance systems on-board; and (3) navigation and target location systems robustly operate day/night and 
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in adverse weather.  In addition, future systems designed to accomplish precision strike missions must be significantly more affordable.  The 
achievement of these characteristics in an integrated system is the goal of this program. 
 
(U) The Aerospace Surveillance Technology project funds sensor efforts that will improve the accuracy and timeliness of our surveillance and 
targeting systems for improved battlefield awareness, strike capability and battle damage assessment.  Timely surveillance of enemy territory 
under all weather conditions is critical to providing our forces with the tactical information needed to succeed in future wars.  This operational 
surveillance capability must continue to perform during enemy efforts to deny and deceive the sensor systems, and operate, at times, in a covert 
manner.  This project will exploit recent advances in multispectral target phenomenology, signal processing, low-power high-performance 
computing, and low-cost microelectronics to develop advanced surveillance and targeting systems.  Surveillance is not an end to itself, but rather 
an enabler for force protection and precision strike.  Therefore, a key component of this program is the development of a comprehensive sensor-to-
shooter architecture. 
 
(U) The Air Defense Initiative project encompasses several advanced technologies related to the development of techniques to counter 
advanced battlefield threats.  These technology developments are embodied in the Low-Cost Cruise Missile Defense (LCCMD), Global Eye, 
Affordable Large Array (ALA), Lightfoot Radar and the Innovative Space-Based Radar Antenna Technology (ISAT) programs. 
 
(U) The Sensors and Exploitation Systems project funds the development and demonstration of advanced sensors and systems to exploit 
sensor products.  These efforts, in conjunction with those described in Projects SGT-01, SGT-02 and SGT-03, seek to develop the systems needed 
to provide the warrior with situational awareness and precision target identification and attack capability, with particular emphasis on the most 
stressing threats.  The strategic goals of this project are to:  develop key sensor technologies required to support battlefield dominance, including 
sensors that can counter Camouflage, Concealment and Deception (CC&D); provide near-real-time, semi-automatic exploitation of wide-area 
moderate (and high) resolution imagery; provide real-time, accurate Battle Damage Assessment (BDA); and provide robust, precise and reliable 
identification, precision fire control tracking and engagement of high value units, and critical moving targets.  These goals are being addressed by 
the following programs:  Counter CC&D; Affordable Moving Surface Target Engagement (AMSTE); Organic Ground Moving Target 
Identification (GMTI) Radar (OGR); Eyeball Program; Real-Time Battle Damage Assessment (R/T BDA); Tactical Targeting Network 
Technologies (TTNT); Dynamic Tactical Targeting (DTT); Knowledge Aided Sensor Signal Processing and Expert Reasoning (KASSPER); 
Forester (formerly Dynamic Tactical Sensing); Exploitation of 3-D Data (formerly Exploitation of Precision Data); Tactical Sensor Network 
Technologies; Micro-Sensor Fields; Standoff Precision ID in 3-D (SPI 3-D); Video Exploitation Technology; Wide Area All Terrain Search Radar  
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(WATSR); Synthetic Aperture Ladar for Tactical Imaging (SALTI); Frequency Diverse Spatial Spectral Sensor Exploitation; and National 
Tactical Exploitation. 
 
(U) Program Change Summary: (In Millions) FY 2002  FY 2003 FY 2004 FY2005 

Previous President’s Budget 192.095 224.000 216.840 200.430 

Current President’s Budget 190.133 217.378 342.914 354.877 

Total Adjustments -1.962 -6.622 126.074 154.447 

     

Congressional program reductions 0.000 -16.622   

Congressional increases 0.000 +10.000   

Reprogrammings -1.962 0.000   

SBIR/STTR transfer 0.000 0.000   
 
(U) Change Summary Explanation: 
 

FY 2002 Decrease reflects below threshold reprogrammings. 
FY 2003 Decrease reflects congressional program and undistributed reductions offset by an add for the Large 

Millimeter Telescope. 
FY 2004 –  2005 Increases reflect reallocation of portions of PE 0603765E to the newly created SGT-CLS project and 

Agency reprioritization of resources to support sensor development and application. 
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COST (In Millions) FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 

Guidance Technology SGT-01 35.258 38.991 33.169 29.423 32.291 31.268 31.237 31.207 
 
(U) Mission Description: 
 
(U) Fire-and-forget standoff weapons need precise targeting information if critical fixed and mobile targets are to be eliminated effectively 
with minimal collateral damage and minimum cost-per-kill.  This requires that:  (1) military surveillance and targeting systems geolocate targets 
accurately in the same coordinate system in which the weapon system navigates; (2) the surveillance, targeting and weapon systems have precision 
navigation and guidance systems on-board; and (3) navigation and target location systems robustly operate day/night and in adverse weather.  In 
addition, future systems designed to accomplish precision strike missions must be significantly more affordable.  The achievement of these 
characteristics in an integrated system is the goal of this program.  Thrusts are included in this project to increase the ability of Global Positioning 
System (GPS) users to operate effectively in the presence of enemy jamming; to increase the versatility of navigation systems applications by 
developing microelectromechanical sensor inertial navigation system technologies; and to apply the geolocation technologies/techniques to 
precision threat geolocation of short-dwell emitters or passive air defense systems. 
 
(U) Program Accomplishments/Planned Programs: 
 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Global Positioning Experiments (GPX)  9.186 8.000 0.000 0.000 
  
 
(U) The Global Positioning Experiments (GPX) program will increase the ability of GPS users to operate effectively in the presence of enemy 
jamming or countermeasures by demonstrating the feasibility of airborne pseudolite (APL) concepts.  By receiving and re-transmitting GPS 
signals at substantially higher power levels, the APL will overcome the effects of jamming on DoD receivers and enable continuous operation.  
APLs can be rapidly deployed on unmanned aerial vehicles (or other airborne platforms) and provide theater-wide coverage for individual 
soldiers, combat platforms and precision GPS-guided shoot-to-coordinate weapons.  The program is addressing three key challenges.  First, it is 
demonstrating non-Keplerian orbit predictions of the APL and showing that only software modifications are needed for GPS user receivers.  
Second, the APL is accurately navigating using GPS satellites in the presence of jamming.  A demonstration was conducted of a digital adaptive 
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beamformer integrated with a pseudolite in a GPS jamming environment in both a full scale anechoic chamber and full scale field test, with greater 
than 45 dB nulls against up to six different jammers.  Third, the program is minimizing the impact of APL technology on friendly, unmodified 
receivers and maximizing interoperability through development of advanced waveforms, demonstration of an advanced beam shaping transmit 
antenna, precise management of the radiated power, and the associated command and control structure.  The GPX program will culminate with 
integrated demonstrations of APL capability in military exercises.  In addition, APL methods will be investigated for exploitation of signals from 
satellites of opportunity for precision localization in the absence of GPS. 
 
(U) Program Plans: 

− Fabricate and integrate multiple airborne pseudolites. 
− Conduct airborne testing campaign; demonstrate successful navigation and interoperability in GPS jamming environment using 

multiple airborne pseudolites. 
− Demonstrate shaped transmit beam solution to near-far issue. 

 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Microelectromechanical Sensor Inertial Navigation System (MEMS INS)  2.207 1.900 1.500 0.000 
  
 
(U) The Microelectromechanical Sensor Inertial Navigation System (MEMS INS) program will improve the silicon based, inertial sensors 
(gyros and accelerometers) developed in the MEMS technology program and integrate them with navigation software into a low power, small, 
lightweight, low cost, tactical grade (1.0 degree per hour to 10 degrees per hour drift rate) INS.  In addition to handheld applications, the MEMS 
INS will be generic for insertion/embedding into other military systems.  MEMS INS Phase 1 performed the following:  (1) design and 
development of higher performance MEMS inertial gyroscope and accelerometer sensors, (2) selection and refinement of foundries/foundry 
processes, (3) design of the mechanical subsystem, and (4) selection/refinement of the navigation software.  Phase 2 will develop the MEMS 
inertial sensors brassboard, integrate them into a MEMS INS and demonstrate the brassboard in the field.  MEMS, meso gyro and high accuracy 
Advanced Gyroscope technologies will be evaluated for suitability to military applications. 
 
 
 
 

vmonteros
340



UNCLASSIFIED 
 
 

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) DATE 
February 2003 

APPROPRIATION/BUDGET ACTIVITY 
RDT&E, Defense-wide 

BA3 Advanced Technology Development 

R-1 ITEM NOMENCLATURE 
Sensor and Guidance Technology  

PE 0603762E, Project SGT-01 
 

UNCLASSIFIED 

(U) Program Plans: 
− Deliver MEMS inertial measurement unit to the DoD. 
− Complete field demonstration of MEMS INS navigation capabilities. 
− Investigate novel INS designs for very large structures that exploit large baseline separation. 
− Investigate MEMS and meso suitability to space applications. 

 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Advanced Tactical Targeting Technology (AT3)  13.865 10.061 1.469 0.000 
   
 
(U) The Advanced Tactical Targeting Technology (AT3) program will demonstrate a passive tactical targeting system against short-dwell 
emitters to enable  lethal suppression of enemy air defenses (SEAD).  The targeting system will negate emitter shutdown tactics now employed to 
defeat anti-radiation missiles (ARM) guidance and enable simplified ordnance inventories.  Generation and distribution of near real-time, 
comprehensive, and highly precise location of threat radars to all theater combatant aircraft is required without deploying any additional SEAD-
dedicated, emitter-collecting platforms.  AT3 will accomplish this by widely deploying emitter collection packages hosted on existing airborne 
platforms, including combat aircraft.  AT3 will integrate distributed multi-platform emitter collections in real-time using existing or planned 
tactical data links with advanced network management and signal processing.  To achieve wide deployment, AT3 will focus on transition through 
inexpensive digital upgrades to existing radar warning receivers.  Enabling technologies now in development at DARPA and elsewhere will be 
used, including: highly precise tactical clocks; tightly coupled integrated GPS/INS packages; novel communications waveforms; advanced highly 
dynamic data fusion network management capabilities; and algorithms to ensure robust, flexible performance of geolocation algorithms for 
locating multiple emitter types in noisy, high pulse density environments.  AT3 has successfully completed initial ground testing with brassboard 
hardware and has conducted strenuous flight tests and real-time multi-ship demonstrations. 
 
(U) Program Plans: 

− Demonstrate AT3 technologies and capabilities. 
− Support transition to Air Force and Navy. 
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N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

MEDUSA  10.000 19.030 23.700 19.613 
   
  
(U) The Multifunction Electro-Optics for Defense of U.S. Aircraft (MEDUSA) program will develop the technologies and systems to give the 
U.S. air dominance at low altitude and at night.  This program will develop the technologies to leap-frog reactive end game countermeasures and 
enable increased threat warning times, denial of launch, and put EO-IR air defense threats at risk.  MEDUSA is a three-part technology program:  
(1) conduct phenomenological measurements and develop countermeasures and target classification/identification techniques; (2) develop critical 
component technologies such as high power IR laser sources, advanced IR detectors, and fibers for high power IR transmission; and  
(3) competitively develop and demonstrate an end-to-end MEDUSA system. 
 
(U) Program Plans: 

− Develop and evaluate MEDUSA countermeasure and classification techniques and conduct phenomenological measurements. 
− Initiate critical component and system technology development. 
− Complete measurements database and development of countermeasures and classification techniques. 
− Fabricate and evaluate critical component technologies. 
− Develop MEDUSA system designs. 
− Build a flyable brassboard system. 
− Field test and flight test the brassboard system against realistic targets and environments. 

 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Advanced Gyroscopes  0.000 0.000 6.500 9.810 
   
 
(U) The Advanced Gyroscopes program will develop very high-accuracy gyroscopes for extremely precise navigation, with a goal of reducing 
gyroscopes noise error to 10-5 degree/hour or less.  This technological leap will enable more robust operations of several magnitudes – from 
underwater (including covert submarine operation and littoral navigation around obstacles) to outer space (from space flight to precise, 
autonomous satellite positioning).  Technical challenges include the exploitation of quantum effects, such as correlated photons. 
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(U) Program Plans: 
− Evaluate feasibility of underlying approach in the laboratory. 
− Develop breadboard gyroscopes and test for ultra-low noise and angle random walk. 
− Conduct accelerated life testing. 
− Design, build, and test fieldable prototype. 

 
(U) Other Program Funding Summary Cost: 
 
• Not Applicable. 
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COST (In Millions) FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 

Aerospace Surveillance Technology 
SGT-02 20.145 34.388 24.114 31.875 27.888 30.779 30.749 30.720 

 
(U) Mission Description: 
 
(U) This project funds sensor efforts that will improve the accuracy and timeliness of our surveillance and targeting systems for improved 
battlefield awareness, strike capability and battle damage assessment.  Timely surveillance of enemy territory under all weather conditions is 
critical to providing our forces with the tactical information needed to succeed in future wars.  This operational surveillance capability must 
continue to perform during enemy efforts to deny and deceive the sensor systems, and operate, at times, in a covert manner.  This project will 
exploit recent advances in multispectral target phenomenology, signal processing, low-power high-performance computing, and low-cost 
microelectronics to develop advanced surveillance and targeting systems.  Surveillance is not an end to itself, but rather an enabler for force 
protection and precision strike.  Therefore, a key component of this program is the development of a comprehensive sensor-to-shooter architecture. 
 
(U) Program Accomplishments/Planned Programs: 
 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Counter-Underground Facilities  11.441 14.202 14.114 15.200 
  
 
(U) Underground Facilities (UGFs) are being increasingly employed to hide a variety of strategic functions, including command and control 
and activities associated with weapons of mass destruction. The Counter-Underground Facilities (CUGF) program is developing technologies to 
characterize UGFs: identification of facility function, pace of activity, pre-attack status of the facility, trans-attack activities and post-attack status. 
Techniques are being developed to determine locations of critical systems (power, water, airflow vents), orientation and depth of structure, and 
pre-strike and post-strike changes in the substructure resulting from attack.  This program will develop both the scientific modeling foundation and 
the enabling technologies and systems to exploit near-field acoustic, seismic and electromagnetic (EM) underground facility signatures and their 
cross-mode coherence.  Additionally, techniques are being evaluated for effluent detection and monitoring.  Candidate technologies within this 
program include, but are not limited to, low frequency electromagnetics, multi/hyperspectral imaging, seismic imaging, chemical sampling, and 
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coherent passive seismic, acoustic and electromagnetic monitoring. The CUGF program will develop and demonstrate a functional (non-form 
factored) sensor system capability including communications for monitoring critical activities and target localization and detailed characterization 
in support of facility standoff and ground.    A companion ACTD effort, the Tactical Missile–Penetrator (TACM-P) program, will demonstrate 
integration of the Army Tactical Missile System (ATACMS) booster with a Navy reentry vehicle to provide a high-availability, all-weather, 
survivable and short response time means to destroy hard and deeply-buried targets.  U.S. Pacific Command is the operational sponsor. 
 
(U) Program Plans: 

− Complete signature data collection and characterization of geophysical site properties of UGFs. 
− Complete model validation for seismic, acoustic, electromagnetic and effluent signatures and backgrounds and for effluent modeling 

tools. 
− Demonstrate functional prototype of multi-mode sensor system, using laboratory-quality instruments. 
− Develop component technologies for a deployable system, including low-mass, seismic coupling of vibration sensors, site-adaptive 

non-line of sight communications, and improved deployable EM sensors. 
− Evaluate concepts for effluent-based vent hunting and cave exploration. 
− Develop candidate sensor designs for effluent-based characterization. 
− Develop multi-sensor characterization tool for planning and targeting. 
− Finalize design, decouple, and interface nine missile boosters from Block 1 to Block 1A in support of TACM-P. 

 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Digital Radio Frequency Tags (DRAFT)  4.180 10.347 10.000 16.675 
  
 
(U) The Digital Radio Frequency Tags program will develop a flexible, potentially low cost technology to allow radars (Moving Target 
Indicator (MTI) and Synthetic Aperture Radar (SAR)) to receive data from ground devices.  This program will develop a small, lightweight and 
affordable RF Tag for data exfiltration from unattended ground sensors and communication with vehicles and personnel throughout the 
battlespace. This is particularly useful for the identification and location of coalition units.  Other advanced tag capabilities will be investigated 
and developed, adding additional communications capabilities to the tags for enhanced interoperability with combat identification and 
communications systems.  These added capabilities will give the tags dual-mode capability to function as a tag when radar is present or as a more 
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conventional radio beacon device when radar is not available.  Additionally, small-scale tag variations will be considered for other missions, 
including dismount and non-cooperative red target tracking, with the net effect of substantially enhancing situational awareness and combat 
identification advantages for U.S. forces in conventional and unconventional ground operations. 
 
(U) Program Plans: 

− Complete 10 baseline radar tag prototype units. 
− Complete design of advanced tag concepts. 
− Conduct laboratory device testing and characterization. 
− Conduct airborne field tests and user demonstration. 
− Complete dual-mode tag communicator design. 
− Demonstrate dual-mode tag communicating on SATCOM waveform. 
− Develop dismount/red tag prototypes and conduct laboratory device testing and characterization. 

 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Space Surveillance Telescope  3.024 0.000 0.000 0.000 
  
 
(U) The Space Surveillance Telescope program will develop and demonstrate an advanced ground-based optical system to enable detection 
and tracking of faint objects in space, while providing rapid, wide-area search capability.  The program will leverage recent advances in curved 
focal plane array technology and large, light-weight optics to build a telescope with a large aperture that provides detection sensitivity with a low-
aberration wide field-of-view to provide rapid wide-area search coverage.  Advances in lightweight optics will reduce the size and weight of the 
telescope, providing fast slewing and further increasing search rates.  This capability will enable ground-based detection of un-cued objects in 
space for purposes such as asteroid detection and other defense missions.  In FY 2003 and out, this program is funded from PE 0603285E, Project 
ASP-02, Space Programs and Technologies. 
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(U) Program Plans: 
− Complete telescope design. 
− Complete focal plane design. 
− Fabricate and tested first curved focal plane tile. 

 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Large Millimeter Telescope  1.500 9.839 0.000 0.000 
  
 
(U) The Large Millimeter Wave Telescope (LMT) program is the U.S.-complement to a coordinated U.S.-Mexico project.  The DARPA 
program provided technology assessments for design, systems integration and technology-leading metrology for a 50-meter aperture, fully 
steerable millimeter wave radio telescope.  The fully developed telescope will feature a sophisticated laser metrology system to maintain precise 
alignment of the optics, and real-time closed loop adaptive control to maintain a near-perfect parabolic surface at all pointing angles and under 
most environmental conditions. 
 
(U) Program Plans: 

− Continued fabrication of metrology panel and surface. 
− Continued development of antenna holography system and precision pointing. 
− Initiated system integration for construction of base line telescope. 

 
(U) Other Program Funding Summary Cost: 
 
• Not applicable  
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Air Defense Initiative SGT-03 18.676 20.657 25.039 31.861 27.398 29.314 34.167 34.133 
 
(U) Mission Description: 
 
(U) This project encompasses several advanced technologies related to the development of techniques to counter advanced battlefield threats.  
These technology developments are embodied in the Low-Cost Cruise Missile Defense (LCCMD), Affordable Large Array (ALA), Lightfoot 
Radar, Global Eye, Innovative Space-Based Radar Antenna Technology (ISAT) Study, and RF MEMS Improvement programs. 
 
(U) Program Accomplishments/Planned Programs: 
 
Narrative Title  

FY 2002 FY 2003 FY 2004 FY 2005 

Low-Cost Cruise Missile Defense (LCCMD)  7.676 9.357 10.039 10.000 
         
 
(U) The LCCMD program will design, develop, demonstrate and transition an affordable electronically scanned array (ESA) seeker for use on 
a missile interceptor system to defeat unsophisticated air vehicles.  Unsophisticated air vehicles are affordable, can be procured in large numbers to 
overwhelm U.S. defenses and provide a credible long-term threat to both civilian population centers and military targets.  To reduce the cost of 
defending against such threats, it is crucia l to reduce the cost of the guidance and control sections of defensive weapons.  The LCCMD program 
will enable this through analyses, laboratory testing and field-testing of an all-weather seeker costing less than fifty thousand dollars in production.  
The program has pursued six novel concepts and is presently focused on the maturation and demonstration of radar seeker solutions employing 
active ESA concepts using low cost single -chip transmit/receive modules.  In addition, the program is developing low-cost surveillance systems to 
provide the warning/cue for such interceptors. 
 
(U) Program Plans: 

− Conduct MEMS ESA seeker systems requirements and developed conceptual designs. 
− Initiate MEMS modeling effort and MEMS design improvement/packaging studies for enhanced reliability RF MEMS switches. 
− Fabricate, test, and integrate an ESA seeker antenna and seeker back-end in preparation for ground or flight test. 
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− Conduct ground or flight test (in collaboration with service transition partner). 
− Initiate systems design for low-cost surveillance approaches to provide cue for low-cost interceptors. 
− Conduct field measurements to support performance characterization of surveillance systems. 
− Design and build prototype surveillance system for a small-scale feasibility demonstration. 

 
Narrative Title  

FY 2002 FY 2003 FY 2004 FY 2005 

Affordable Large Array (ALA)  2.000 5.000 2.000 0.000 
          
 
(U) The Affordable Large Array (ALA) program (previously the MEM-tenna program) is developing ultra-low cost, lightweight, and low-
power density X-Band transceivers and related technologies for potential use in conjunction with very large but foldable and easily transportable 
antenna apertures.  The overall objective of the program is to develop and demonstrate these transceivers for population of very large, lightweight, 
active electronically scanned radars that could meet the future DoD needs of a wide variety of radar systems.  Low-power, high efficiency, 
lightweight transceiver module technologies offer the important benefits of being able to operate reliably without the need for liquid or forced air 
cooling.  As a result, significant fuel supply, prime power, weight and cost development of large transportable antennas populated with extremely 
lightweight transmit/receive (T/R) chips, dynamic calibration of these large flexible arrays, and effective distribution of wideband RF, DC power, 
and control signals throughout them, without adding appreciably to their weight, all represent significant technical challenges.  Other potential 
applications of ALA technologies include easily transportable, less expensive Ground Based Radar systems and aerostat-based systems for 
observing very low flying targets.  It may also be possible to replace hard-wired beam steering control and RF manifolds by optical and RF space-
fed configurations, which will result in additional significant savings in cost and weight.  
 
(U) Program Plans: 

− Conduct studies and experiments to develop alternative array feed technologies that are applicable to very large arrays. 
− Evaluate alternate solutions, (e.g., SiGe, InP, Si on insulator, and low-power GaAs, as potential low cost/low power density radar 

transceiver technologies). 
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− Conduct power-aperture trade studies to determine the appropriateness of these technologies for applications including ground-based 
radars, radars for mid-course cruise missile defense and airborne low-power-density, large-scale radars.  

− Develop and fabricate a minimum of 10 transmit/receive (T/R) cells from SiGe 10 transmit/receive (T/R) cells from InP and 10 (T/R) 
cells from GaAs for independent test, evaluation and performance comparison. 

 
Narrative Title  

FY 2002 FY 2003 FY 2004 FY 2005 

Lightfoot Radar  0.000 0.000 6.000 9.000 
  
   
(U) The Lightfoot Radar program will develop antenna technologies to enhance the transportability of sensor and communications systems.  
Program goals are the reduction in total system weight, stowed volume, prime power consumption, fuel requirements, and personnel requirements.  
The technology will potentially benefit sensor and communications systems that are space-based, airship-based, ground-based, and hand-held.  
Four technical solution paths will be explored.  (1) Large low-power antennas to replace fuel-hungry, high-power antennas.  (2) Semi-flexible 
antennas to replace heavy rigid antennas.  (3) Terahertz frequency antennas to replace large gigahertz frequency antennas.  (4) Passive reflective 
arrays to replace heavy power-hungry active arrays. 
 
(U) Program Plans: 

− Develop large-scale signal distribution and single chip electronics technologies to enable extremely large low-power active array 
antennas. 

− Develop lightweight tensional structures and dynamic calibration techniques to enable semi-flexible active array antennas. 
− Develop terahertz sources and signal processing techniques to enable hand-held sensors. 
− Develop discrete switches or bi-state materials to enable steerable reflect arrays. 
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N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Global Eye  3.000 1.000 0.000 0.000 
     
 
(U) The Global Eye program developed lightweight low-cost electronically scanned array (ESA) technology capable of supporting multiple 
simultaneous radar modes and frequencies through the use of mono-static or pseudo-mono-static apertures operating in a simultaneous transmit 
and receive (STAR) mode.  Platforms outfitted with this capability provide lower cost continuous air and ground surveillance of low intensity 
areas such as no-fly zones and peacekeeping areas.  Such capability could supplement traditional AWACS and JSTARS and potentially reduce the 
requirement to forward base large numbers of such aircraft for these purposes.  The key technologies developed included an X-band proof-of-
concept ESA risk reduction array capable of supporting up to a 100% transmit duty factor using currently available transmit/receive (T/R) 
modules, beam polarization diversity, and advanced mode control/interleaving algorithms. 
 
(U) Program Plans: 

− Completed the building and testing of demo array. 
− Demonstrated pseudo-mono-static ESA operation using a 1 sq ft risk reduction array and a separate X-band receive aperture. 
− Evaluated its ability to support multiple -mode, multiple -frequency, and radar operation during ground testing with a Moving Target 

Simulator (MTS) and a mechanically scanned receive aperture. 
 
Narrative Title  

FY 2002 FY 2003 FY 2004 FY 2005 

Innovative Space-Based Radar Antenna Technology (ISAT)  6.000 0.000 0.000 0.000 
    
 
(U) Ultra-low cost, lightweight technologies offer the potential for developing and deploying extremely large antennas in space.  Antennas of 
100 – 300 meters in length, if feasible and affordable, will enable the revolutionary performance required to conduct true tactical sensing from 
space.  The ISAT program will develop conceptual designs for understanding the feasibility of deploying and operating extremely-large-antenna 
designs capable of performing tactical sensing from space.  FY 2003 and subsequent activities for ISAT activities are funded in Program Element 
PE 0603285E, Project ASP-02. 
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(U) Program Plans: 
− Developed three competing conceptual designs of antenna systems capable of tactical sensing from space, including performance and 

cost models for each candidate design. 
− Modeled and simulated rigidized inflatable technologies, including subscale laboratory testing. 

 
Narrative Title  

FY 2002 FY 2003 FY 2004 FY 2005 

RF MEMS Improvement  0.000 5.300 7.000 12.861 
       
 
(U) RF MEMS switches in the X, Ka, and Ku band hold great promise for DoD radar applications due to their inherent small size, light 
weight, low power consumption and low loss.  The RF MEMS Improvement program will extend lifetimes, develop inexpensive packaging 
techniques, and enhance RF performance of RF MEMS switches to allow use in devices such as phase shifters, reconfigurable apertures, and 
tunable filters.  This program was previously funded in PE 0603739E, Project MT-12. 
 
(U) Program Plans:  

− Develop process improvements, supported by predictive performance models, in competing MEMS fabrication and packaging 
techniques. 

− Perform six design and testing iterations of packaged MEMS. 
− Demonstrate ability to fabricate low-cost, low-loss, long life MEMS switches meeting DoD requirements. 

 
(U) Other Program Funding Summary Cost: 
 
• Not Applicable. 
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COST (In Millions) FY 2002 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 

Sensors and Exploitation Systems, 
 SGT-04 116.054 123.342 144.852 130.637 127.867 147.545 148.610 178.463 

 
(U) Mission Description: 
 
(U) The Sensors and Exploitation Systems project funds the development and demonstration of advanced sensors, and analytical and 
evaluative tools that take the products of those sensors to extract and compile useful, viable data.  These efforts, in conjunction with those 
described in Projects SGT-01, SGT-02 and SGT-03, develop information needed to provide the warrior with situational awareness and precision 
target identification, with emphasis on the most stressing threats.  The strategic goals of this project are to:  develop key sensor technologies 
required to support battlefield dominance, including sensors that can counter Camouflage, Concealment and Deception (CC&D); provide near-
real-time, semi-automatic exploitation of wide-area moderate (and high) resolution imagery; provide real-time, accurate Battle Damage 
Assessment (BDA); and provide robust, precise and reliable identification, precision fire control tracking and engagement of high value units, and 
critical moving targets.  These goals are being addressed by the following programs:  Advanced Exploitation Systems Technology, Network 
Centric Sensing and Engagement, Advanced Optical Sensor Technology, and Advanced Radar Sensor Technology.  
 
(U) Program Accomplishments/Planned Programs: 
 

N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Advanced Exploitation Systems Technology  25.332 39.300 52.004 47.998 
   
 
(U) The Advanced Exploitation Systems Technology program will deve lop concepts, technology and tools to support rapid, high-performance 
autonomous and semi-autonomous interpretation and exploitation of sensor data products.  These efforts develop techniques for the detection, 
classification and identification of military threats using advanced signal processing and machine vision approaches.  They will also serve to 
process the raw sensor products from national, theater and organic surveillance and reconnaissance systems and tactical platform sensors.  
Complex target tracking and acquisition challenges under restrictive rules of engagement in difficult environments will also be addressed.  The 
Advanced Exploitation Systems Technology Program will permit users to take full advantage of emerging sensor capabilities, and will address 
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critical performance issues associated with timeliness, accuracy, error rates and interpretation workload.  Initiative in this program include the 
following: 
 
• The Frequency-Diverse Spatial/Spectral Sensor Exploitation initiative will develop and exploit emerging high-resolution multispectral, 

multipolarization, radio frequency, electro-optical (EO) and active optical sensors to provide a richer suite of exploitable features for rapid 
sensor exploitation.  This technology will be used for mapping, terrain characterization, target detection and situational awareness.  This 
effort will also explore applications appropriate for both medium and high altitude deployment.  The Frequency-Diverse Spatial/Spectral 
Sensor Exploitation effort will develop technology to permit fus ion, automated exploitation and visualization of combined products 
derived from these diverse classes of highly agile sensors.  Sensors and processing techniques developed under this effort will be used to 
support wide-area detection, characterization and geolocation information for facilities, vehicle and dismounted targets in both tactical 
situation awareness and strategic indication and warning.  These tools will support rapid mapping and terrain characterization support in 
near real time to support robotic and manned maneuver forces. 

 
(U) Program Plans: 

− Frequency-Diverse Spatial/Spectral Sensor Exploitation 
-- Design, analyze and assess new concepts for RF, EO/IR and active optical frequency agile spatial/spectral/polarimetric sensor 

exploitation. 
-- Perform phenomenological investigations to assess target signature stability, variability and seperability, and develop prototype 

exploitation tools to exploit these signatures. 
-- Design, develop and evaluate brassboard sensor hardware and evaluate system performance under controlled environments. 
-- Design, develop and evaluate form, fit and function sensor hardware, integrate onboard flight platform and evaluate performance 

over realistic targets and large clutter sets in flight tests. 
 
• The National/Tactical Explo itation (NTEX) initiative serves to develop  technologies that locate and identify enemy air defense units 

using multi-source imagery and data from both National reconnaissance systems and tactical sensor assets.  Under a Memorandum of 
Agreement between DARPA and National Imagery and Mapping Agency (NIMA), the project will place researchers into facilities with 
access to real data and analysts managed by the “Geospatial Intelligence Advancement Testbed” (GIAT) project at NIMA.  This will 
permit advanced sensor exploitation technologies to be developed in an environment where they can be rapidly assessed by operational 
analysts and evaluated using real world data.  Building upon technologies developed under the DARPA Semi-Automated IMINT 
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Processor (SAIP) Advanced Concept Technology Demonstration, the project will demonstrate increasing capability at modeling, 
detecting, and locating air defense targets and other surface threats (including those that have been denied, modified, or unmodeled). 

 
(U) Program Plans: 

− National/Tactical Exploitation (NTEX) 
-- Demonstrate the ability to recognize components of specific air defense units using automated processing of national/tactical 

sensor data. 
-- Demonstrate ability to model targets observed from a few sensor views, and then to locate and recognize those targets with an 

automated system in subsequent imagery. 
-- Demonstrate a system to model denied and expedient targets from a few views, and then locate instances of those targets that 

would otherwise be missed by analysts, in a real-world practical problem. 
 
• The Video Exploitation Technology (VET) initiative will develop technology for the automation of video exploitation.  Specifically this 

program will  support  precision strike operations and urban surveillance.  VET will also develop technology for the handoff of targets for 
identification and tracking, including wide area coverage Intelligence, Surveillance, and Reconnaissance (ISR) systems and  local video 
surveillance platforms.  This  program will investigate techniques for precision target identification in video, including fingerprinting 
techniques and technology to permit reacquisition of previously seen vehicles.  The development of techniques  enabling video sensors to 
autonomously track people and targets through dense traffic  will be featured, as well as technology to support target area searches for “no-
strike” entities.  These efforts will  prevent unintentional collateral weapon effects.  The VET program will develop exploitation 
technology to permit the recovery of 3D descriptions of targets and  precision geolocation of targets observed by video sensors.  This 
program will also explore innovative presentation and visualization concepts for video derived products, including immersive operator 
interaction with video.  Using technologies derived from this effort, warfighters will be able to rapidly exploit data from ubiquitous visible 
and infrared video sensors, including airborne, ground, building perched, weapon video, emplaced sensors and hybrid systems.  These  
systems will eliminate the one-camera, one-operator monitoring of video; permitting local video processing to prioritize data from 
multiple sensors for presentation to operators.  This initiative  will support interactive tracking for targeting and collateral damage 
avoidance and will provide a capability for autonomous and aided identification of targets from video data.  These technologies will be 
integrated and demonstrated to assess the utility of video surveillance for a number of military missions, including counter-terrorism and 
military operations in urban areas. 
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(U) Program Plans: 
− Video Exploitation Technology (VET)  

-- Develop techniques to automate the detection, classification, and tracking of mobile surface targets in visible and infrared motion 
imagery acquired by unmanned air vehicles. 

-- Develop automated techniques to detect moving vehicles and people that could become unintended casualties in the vicinity of an 
impending air strike. 

-- Demonstrate an integrated semi automated system to engage elusive surface targets using precision weapons guided by data 
derived from video sensors on airborne platforms. 

 
• The objective of the Tactical Sensor Network Technologies (TSNT) initiative will be to build detection, tracking, identification, and 

pattern analysis capabilities that operate in all nodes (fixed or mobile) within a networked distributed multi-sensor system.  Actual 
processing to be performed at each network node will depend on the sensors reporting to that node, the commanders subscribing to that 
node, and resource management performed.  TSNT networked signal processing will exploit locality of sensing, but will leverage the self-
forming adaptive network for processing.  Algorithms will be natively aware of the limitations of the distributed sensor network and will 
adapt processing algorithms based on self-discovered network topology.  These algorithms will also take into account power management 
constraints, communications bandwidth limitations and constraints found in the local environmental.  This initiative will result in a truly 
distributed situation awareness, resilient to the failure of any individual node, but sufficiently consistent to serve as the basis for 
collaborative tactical planning. 

 
(U) Program Plans: 

− Tactical Sensor Network Technologies (TSNT) 
-- Develop algor ithms for distributed situation assessment at all nodes of a networked group of sensors. 
-- Integrate and assess distributed system performance in large-scale simulation and more limited scale testing. 
-- Demonstrate robustness of TSNT networked sensing under network and environmental stresses. 
-- Incorporate tracking, target identification, and target assignment algorithms for fully distributed operation. 

 
• The objective of the Exploitation of 3-D Data initiative (formerly known as Exploitation of Precision Data) will be to develop techniques 

that can rapidly exploit 3-D sensor data .  This data is currently growing in availability from advanced sensors and can be used, for the 
purpose of precision target identification.  The E3D Program seeks to demonstrate that the 3-D shape and structure of targets, together 
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with 3-D information found within the context of the targets, can achieve much higher confidence in target identification than 2-D image-
based methods.  This effort has been divided into project modules.  The Target Recognition module will provide a  guide to the object 
recognition process, while the Target Acquisition module will perform target acquisition by searching a local 3-D volume for possible 
targets.  The Modeling module will  perform precision identification based on detailed shape analysis.  The result of this program will be 
to deliver software tool sets that will be integrated into a collection platform equipped with a 3-D sensor. 

 
(U) Program Plans: 

− Exploitation of 3-D Data  
-- Provide additional synthetic data and collected LADAR data for research and development modules, and acquire and refine 3-D 

models of potential target vehicles. 
-- Develop tools to locate, classify, identify, and characterize the operational state of ground targets using data from 3-D sensors 

(e.g., LADAR) making use of structural models of candidate target geometries.  The project aims to be able to deal with hundreds 
of candidate target types, and to perform precision recognition in the presence of articulation and obscuration. 

-- Improve performance to real time processing. 
-- Extend model-based vision technologies to classify, identify, and characterize the operational state of ground targets from other 

sources of 3-D sensor data. 
 
• The Dynamic Tactical Targeting (DTT) initiative is developing new sensor control and data fusion technologies that will find, identify and 

track virtually every vehicle  in a 30km x 30km area.  This will aid in focusing weapon systems to target and destroy mobile, time sensitive 
targets (TSTs).  The program is directed at challenging surveillance and reconnaissance problems and reducing the time to engage fleeting 
targets.  DTT will design, build, and demonstrate a system capable of efficiently managing multi-sensor surveillance of large areas and 
large numbers of objects and, through fusion processes, extracting targets of high interest for hand-off to weapon systems.  Furthermore, 
this initiative will provide the extracted targets, from the many moving objects in the battlespace, to precision engagement systems like 
AMSTE.  The ultimate goal is to track and identify 10-25 ‘sensitive’ mobile targets in about a 1000 km2 area containing approximately 
1000 mobile objects.  The Dynamic Tactical Targeting program will :  (1) leverage existing National/Theater intelligence, surveillance and 
reconnaissance (ISR) processes for timely extraction of imagery, radar and signals intelligence data; (2) fuse data from Unattended 
Ground Sensors (UGS), Unmanned Air Vehicle (UAV) sensors and Human Intelligence (HUMINT) programs with Intelligence, 
Surveillance, and Reconnaissance (ISR) data (from all sources) to enable continuous estimation over time of target location, identity and 
activity; (3) dynamically task UGS and UAV sensors to fill ISR coverage gaps and provide relevant sensor observation in areas of tactical 
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interest, and (4) close the loop between sensor management and fusion of the large volume of data produced by all these sensors to enable 
timely prosecution of critical fleeting targets.  The product of this  program will be a demonstration of real-time targeting of mobile TSTs 
in an operationa l environment. 

 
(U) Program Plans: 

− Dynamic Tactical Targeting (DTT) 
-- Develop a process for closed loop control of ISR and in-situ sensors that provides wide area surveillance and scaleable focus of 

attention on selected areas of interest under direction of decision makers, to achieve rapid, continuous updates of time sensitive 
targets (TST) location, kinematics and identification. 

-- Complete selection of appropriate UGS/UAV sensors to manage and fuse with national and theater ISR sensors. 
-- Develop approaches to effectively and dynamically register all information products from UGS, UAV and ISR sensor data, 

HUMINT reports, and mapping sources to a common geo-spatial and temporal reference. 
-- Develop new adaptive sensor management techniques for proactive management and placement of sensors and new data fusion 

techniques for dynamic exploitation of sensor data responsive to user information needs. 
-- Construct a DTT testbed and conduct closed-loop system performance evaluations. 

 
• The Real-Time Battle Damage Assessment (R/T BDA) initiative focused on developing and evaluating technology to permit all-weather, 

in-theater assessment of the effects of precision weapons on ground vehicle threats.  R/T BDA exploited synthetic aperture radar sensors, 
including organic and theater sensors, which served to assess the effectiveness of munitions delivery and to provide feedback to attack 
systems during the mission.  The program developed an algorithm and demonstrated the ability to automatically and reliably detect 
weapon impact for a wide variety of weapon/target pairings, using a technique that is called the “Target Impact Indicator.”  The algorithm 
has been installed in a central ground station where it can be used to process a variety of feeds from RF sensors.  Demonstrations have 
been conducted with U-2 ASARS data and data obtained using the sensor that is slated for the Joint Strike Fighter and the F-22. 

 
(U) Program Plans: 

− Improve Target Impact Indicator radio frequency algorithmic techniques using data collected from instrumented live fire testing. 
− Develop signature/weapons effectiveness assessment models based on impact indication and displacement. 
− Perform integrated R/T SAR BDA experiments/demonstrations utilizing real time tasking, sensor exploitation and effects assessment 

in live fire environment. 
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Narrative Title  
FY 2002 FY 2003 FY 2004 FY 2005 

Network Centric Sensing and Engagement  51.190 40.017 34.610 24.100 
    
 
(U) The Network Centric Sensing and Engagement Program will develop concepts, technology and tools to support highly accurate situational 
awareness, rapid and precise targeting, and precision engagement through the exploitation of systems of networked sensors.  Network-centric 
sensing looks at a group, constellation or field of sensors as a system, and leverages networked intercommunication to permit the sensor system as 
a whole to provide much higher performance than might be obtained from the individual sensors working in an uncoordinated fashion.  This 
concept has application in advanced target detection, tracking, combat identification and target acquisition.  Applications ranging from ground 
based fixed and mobile sensors to airborne multi-ship sensor systems are also covered.  Exploiting the potential offered by network-centric sensing 
requires technology addressing multiple  challenges.  These technologies range from sensor-to-sensor communications and multi-sensor 
management, to sensor system gridlock and georegistation, real-time data fusion, advanced tracking and network-centric specific sensor 
operational modes.  Initiatives in this program include the following: 
 
• The Micro-Sensor Fields initiative will develop low-cost, lightweight micro-sensors for area reconnaissance, perimeter monitoring, and 

special/military operations on complex and urbanized terrain.  Sensor technologies will emphasize low power, long life detection and 
discrimination technologies.  Such technologies include ultra-wide band radar, micro-acoustics and nano-scale sensor technologies.  This 
effort will develop robust techniques for rapid geolocation and data exfiltration from these sensors and will develop and demonstrate 
technology to permit exploitation, fusion and visualization of networks and fields of micro sensors.  Micro-Sensor Fields will permit force 
protection with greatly reduced manning, monitoring of borders and critical CONUS sites, long duration covert monitoring of target sites 
(such as terrorist camps), support of deep strike engagement of mobile targets and support of comprehensive intelligence, surveillance, and 
reconnaissance for situational awareness.  Micro-Sensor fields will enable persistent sensing of dismounted combatants in the toughest of 
environments, such as forested areas. 

 
(U) Program Plans: 

− Micro-Sensor Fields 
-- Develop breadboard ultra-wide band radar micro-sensor for dismount detection and tracking. 
-- Advance breadboard micro-sensor design to critical design review. 
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-- Design receiver node to process micro-sensor detects into tracks and exfiltrate data. 
-- Advance receiver and system design through preliminary design review. 
-- Develop tracking algorithms to consolidate range only detects into contact tracks. 
-- Fabricate targeted form factor micro-sensors. 
-- Conduct ground demo with one receiver/processor and many micro-sensors. 

 
• The Tactical Targeting Network Technologies (TTNT) initiative will develop, evaluate and demonstrate rapidly reconfigurable, 

affordable, robust, interoperable and evolvable communications technologies.  Resulting technologies will be used to support airborne 
network-centric targeting.  Specifically, TTNT will develop and demonstrate a tactical network that will be reconfigurable in fractions of a 
second, have wideband capacity (10+Mbit/s) on demand, have near zero (2ms) latency for high priority messages, be completely 
interoperable with Link 16, and be inexpensive to procure and to install.  This program is addressing technical issues that include:  
physical waveforms and frequency allocations, fast security subsystems, distributed network management, and novel digital processing 
techniques to eliminate the need for centralized synchronization.  TTNT is pursuing parallel data link design concepts.  One concept 
exploits an omni antenna-based approach with a self-adaptive channel-sensing multiple user access protocol, implemented in conjunction 
with spread spectrum waveforms optimized for rapid carrier acquisition, combined with powerful turbocode error detection and 
correction.  This physical layer will provide a well-integrated security architecture and a network architecture designed to exploit 
commercial-off-the-shelf technology wherever possible.  A second concept is performing flight tests of a system built around the common 
data link family and utilizing a novel Ku band directional antenna that will offer the potential to demonstrate 20+Mbit/s connectivity 
between ISR assets, tactical aircraft and even small unmanned air vehicles. 

 
(U) Program Plans: 

− Tactical Targeting Network Technologies (TTNT) 
-- Complete simulation basis for Hardware-in-the-Loop (HWIL) testing. 
-- Complete system and sub-system risk reduction experiments. 
-- Complete brassboard design and fabrication. 
-- Complete brassboard TTNT flight experiments and demonstrations. 

 
• The goal of the Affordable Moving Surface Target Engagement (AMSTE) initiative is to develop and demonstrate the technologies 

required to perform affordable, all-weather, precision negation of moving surface targets (both land and sea-based), from stand-off ranges 

vmonteros
362



UNCLASSIFIED 
 
 

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) DATE 
February 2003 

APPROPRIATION/BUDGET ACTIVITY 
RDT&E, Defense-wide 

BA3 Advanced Technology Development 

R-1 ITEM NOMENCLATURE 
Sensor and Guidance Technology  

PE 0603762E, Project SGT-04 
 

UNCLASSIFIED 

using netted tactical and theater ground moving target indication (GMTI) sensors and weapons.  The precise cueing from the netted GMTI 
sensors will allow for lower-cost weapons by reducing the complexity of precision munitions.  Weapons system architectures have been 
developed and integrated to support a series of precision fire control bomb-drop field experiments and demonstrations.  In-flight 
midcourse and terminal guidance to weapons has been implemented to demonstrate weapon system accuracy that is an order of magnitude 
better than current systems against moving targets.  A number of critical technologies have been developed and integrated under AMSTE 
including unaided precision grid locking techniques, low-cost weapon data links, and advanced multi-platform tracking algorithms for 
both precision and long-duration, high-confidence track purity using moving target feature phenomenology for track maintenance.  
Additionally, battle management, command, control and communications (BM/C3) experiments have been pursued jointly with Service 
partners to enable rapid inclusion of AMSTE-enabled engagement capabilities into future operational architectures. 

 
(U) Program Plans: 

− Affordable Moving Surface Target Engagement (AMSTE) 
-- Complete design, development and fabrication of the final field experiment system to support demonstration and evaluation of 

moving target engagement capabilities in an integrated operational environment. 
-- Demonstrate a full AMSTE weapons delivery capability with advanced target track maintenance in live weapons drops with 

complex target dynamics 
 
Narrative Title  

FY 2002 FY 2003 FY 2004 FY 2005 

Advanced Optical Sensor Technology  7.663 11.683 16.858 20.000 
    
 
(U) The Advanced Optical Sensor Technology Program will develop advanced optical sensor technology to provide significant improvement 
in military sensor performance in situation awareness, surveillance, reconnaissance and targeting applications.  These efforts are focused on 
exploiting emergent and novel optical sensing technology and phenomenology, including advancements in electro-optic, hyper spectral imaging, 
optical polarimetry and advanced three dimensional active optic sensing.  Initiatives in this program include the following: 
 
• The Standoff Precision ID in 3-D (SPI 3-D) initiative will develop and demonstrate the ability to provide high-resolution 3-D images at 

long ranges using an affordable sensor package.  It will be capable of providing confirmatory ID at long range, and will have the ability to 
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overcome weapons effects obscuration and penetrate foliage, camouflage and cloud layers.  This sensor system will be capable of 
providing intensity, range and polarization for each pixel in the field of view.  This program will conduct a series of ground, air and 
unmanned air vehicle demonstrations of standoff 3-D Ladar precision ID and track fusion techniques that provide for 1) rapid acquisition, 
2) polarization exploitation, 3) intensity mapping, and 4) high range resolution to obtain precise identification of enemy ground moving 
targets.  Demonstrations will employ existing commercial-off-the-shelf optics, focal plane arrays and gimbals, combined with a novel 
polarization to range mapping technique. 

 
(U) Program Plans: 

− Standoff Precision ID in 3-D (SPI 3-D) 
-- Develop and test brassboard version of complete imaging system, including development of laser and Pockels’ cell elements. 
-- Determine accuracy and precision of ranging technique. 
-- Develop flight engineered system. 
-- Perform full-up ground tests from mountaintop test range. 
-- Integrate and demonstrate system from manned aircraft against moving targets. 
-- Integrate system into UAV and fully demonstrate system from UAV against variety of ground targets. 

 
• The Synthetic Aperture Ladar for Tactical Imaging (SALTI) initiative will develop and demonstrate an airborne interferometric synthetic 

aperture laser radar (ladar) imager capable of producing high-resolution three-dimensional imagery at long ranges.  The system will 
combine the long-range day/night access afforded by conventional synthetic aperture radar (SAR) with the interpretability of high-
resolution optical imagery and the exploitability of three-dimensional (3-D) imagery.  These capabilities will be provided within a tactical-
sized package suitable for deployment on a long-range unmanned air vehicle such as the Global Hawk.  The technical objective of the 
program is to provide a proof-of-concept for operation at tactically relevant high altitudes and at long ground ranges.  A secondary goal of 
the program is to demonstrate single -view ground moving target indication (GMTI) with targeting quality absolute accuracy in range and 
cross-range when operating in a coherent, real-aperture mode. 

 
(U) Program Plans: 

− Synthetic Aperture Ladar for Tactical Imaging (SALTI) 
-- Develop a laser transmitter containing an extremely stable local optical oscillator and other oscillators, modulators and power 

amplifiers necessary to create the time-dependent waveform and power required for synthetic aperture imaging. 
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-- Develop a multi-element detector array including analog and digital electronics for coherently reading all elements of the array. 
-- Integrate the detector array with an optical master oscillator to form a coherent receiver. 
-- Develop image formation processing algorithms to coherently combine multiple laser pulse returns and to compensate for 

platform motion during the collection of these multiple pulses. 
-- Demonstrate the collection of optical synthetic aperture imagery from an airborne platform and that produces high-resolution 2D 

and 3D image products. 
 
• The goal of the Eyeball initiative is to develop and demonstrate novel concepts for precision target identification (ID) of moving and 

stationary tactical targets from standoff platforms by electro-optical sensors working in conjunction with air and space-based radar GMTI 
and Synthetic Aperture Radar (SAR) sensors.  This program is motivated by the expectation that future radar assets will have the 
capability to perform target detection, location and tracking, and even some forms of target classification yet target ID performance will 
remain  insufficient to allow targeting and allocation of attack assets due to radar and signature limitations.  The Eyeball sensor will 
exploit the benefits of combining spatial, spectral and polarimetric signatures from sparse or filled apertures to enable real-time precision 
ID of critical tactical targets.  In the concept of operations, a GMTI-SAR platform hands-off moving and stationary target location 
information to the Eyeball sensor.  Eyeball serves to identify the target at standoff ranges and returns the target ID to the radar for track 
file association.  Through episodic revisits, the GMTI-SAR platform maintains continuous track of the identified tactical target.  The 
critical aspect of this program is to understand what is required in terms of combined spatial, spectral, and polarimetric signatures and 
resolution trades across the sensing domains to realize the required target ID performance. 

 
(U) Program Plans: 

− Eyeball 
-- Conduct and evaluate phenomenology, modeling and architecture/systems trades. 
-- Conduct ground-based experiments to validate and demonstrate technology. 
-- Design an airborne sensor system that could be used to demonstrate utility and concepts of operation. 
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N a r r a t i v e  T i t l e  

FY 2002 FY 2003 FY 2004 FY 2005 

Advanced Radar Sensor Technology  31.869 32.342 41.380 38.539 
   
 
(U) The Advanced Radar Sensor Technology program will develop advanced radar sensor technology to provide significant improvement in 
military sensor performance in situation awareness, surveillance, reconnaissance and targeting applications, focused particularly on surface targets 
and threats.  These efforts are focused on exploiting emergent and novel radar sensing technology and phenomenology, including advancements in 
ultra-wide band, biostatics, UHF/VHF, polarimetric change detection, tomographic imaging, space-time adaptive processing and other advanced 
signal processing, advanced Ground Moving Target Indication (GMTI) techniques, and foliage and ground penetrating radar phenomenology.  
Efforts are focused on technologies appropriate for integration with current and emerging military platforms and are focused on the most stressing 
military radar sensor challenges, including operation against complex cluttered ground environments, against small and slow moving surface 
targets and in applications where camouflage, decoys and countermeasures must be overcome.  Initiatives in this program include the following: 
 
• The Wide Area All Terrain Change Indication Technologies (WATCH-IT) initiative will develop and demonstrate real-time VHF/UHF 

synthetic aperture radar (SAR) automatic change detection and discrimination technologies to provide rapid, robust detection of threat 
systems in the open, under camouflage and in foliated areas.  Change detections will be examined by discrimination algorithms to 
determine if they have threat vehicle characteristics.  These change indications will be use to cue on- or off-board high resolution sensors 
to perform target identification.  WATCH-IT, which will operate from a platform such as a high altitude unmanned air vehicle (UAV), 
will demonstrate the ability to provide high area coverage rates with very few false alarms.  This is a critical capability that currently does 
not exist.  This program will also develop techniques to extract 3-D vehicle images from multiple -pass polarimetric SAR imagery to 
support confuser (i.e. decoys, relocated vehicles that are not of military significance) rejection and target classification / identification. 

 
(U) Program Plans: 

− Wide Area All Terrain Change Indication Technologies (WATCH-IT) 
-- Perform data collections using low-frequency, high-resolution polarimetric SARs to quantify the robustness of wide area change 

detection to factors such as aircraft heading, depression angle, database aging, topography and terrain cover. 
-- Assess alternative change detection algorithms to determine their robustness to data variations, their computational requirements 

and other such factors that will impact their performance and suitability for operating on a UAV. 
-- Quantify probability of detection and false alarm rate for various operating conditions. 

vmonteros
366



UNCLASSIFIED 
 
 

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) DATE 
February 2003 

APPROPRIATION/BUDGET ACTIVITY 
RDT&E, Defense-wide 

BA3 Advanced Technology Development 

R-1 ITEM NOMENCLATURE 
Sensor and Guidance Technology  

PE 0603762E, Project SGT-04 
 

UNCLASSIFIED 

-- Investigate methods to generate synthetic target signatures using software models or scaled frequency measurements. 
-- Demonstrate WATCH-IT using the FOPEN SAR ATD system, with real-time on-board change detection and high-speed 

discrimination processing in the ground station. 
-- Develop system specification for a fully integrated WATCH-IT system. 
-- Develop, integrate, install and flight test the WATCH-IT on a manned or unmanned aircraft. 

 
• The Foliage Penetration (FOPEN) Reconnaissance, Surveillance, Tracking and Engagement Radar (FORESTER) (Formerly “Dynamic 

Tactical Sensing”) initiative will support the future needs of FCS and the U.S. Army Objective Force by developing and demonstrating a 
FOPEN Ground Moving Target Indication (GMTI) radar.  This radar will provide persistent, long-term detection and tracking of enemy 
combat vehicles and dismounted troops moving in open and forested areas of the battlefield, thus giving U.S. forces a much higher level of 
information dominance and allowing Objective Force commanders to operate with confidence in forested areas.  FORESTER will also 
provide the ability to detect low-flying aircraft such as helicopters and ultra-lights, and will produce synthetic aperture radar images that 
can support terrain delimitation, road identification and target tracking in wooded areas.  The FORESTER program will develop a UHF-
band FOPEN GMTI radar to be deployed on rotary wing platforms such as the A160 unmanned helicopter.  The radar will achieve calm-
weather detection ranges in excess of 30 km against dismounted troops moving with radial velocities of 0.75 m/sec or higher in forested 
areas from a hovering platform under calm wind conditions.  Adaptive antenna processing and innovative radar waveforms will allow 
FORESTER to overcome radio frequency interference and electronic countermeasures in hostile electromagnetic environments. 

 
(U) Program Plans: 

− Foliage Penetration (FOPEN) Reconnaissance, Surveillance, Tracking and Engagement Radar (FORESTER)  
-- Develop and demonstrate the ability to detect slowly moving ground targets in foliage using rotorcraft mounted GMTI radars 

through measurements, simulations and analyses.   
-- Design, assess, and  evaluate a  brassboard FORESTER hardware system. 
-- Design, assess, and evaluate a form-fit and function FORESTER hardware system for rotorcraft installation and conduct end-to-

end system performance tests that include all aircraft effects under static and dynamic conditions. 
-- Conduct airborne flight-testing and demonstrate performance with the fully integrated FORESTER/aircraft system.  User 

evaluations will be performed to develop the system CONOPS and to demonstrate FORESTER’s capabilities to the Warfighter. 
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• The Organic Ground Moving Target Identification (GMTI) Radar (OGR) initiative investigated the technologies required to enable a low-
cost capability for the ground-based detection and tracking of moving vehicles and personnel through foliage.  The goal was to detect 
vehicles at ranges of 5-10 km and personnel at ranges of 1-3 km with low false alarm rates.  One concept was based on the use of 
separated transmitters and receivers that are designed for low cost and portability.  To ensure adequate foliage penetration, the system was 
designed to operate in the VHF-UHF frequency regime.  A second concept was to deploy small L-Band monostatic radars at high altitude 
(e.g. 500-1500 m) and gain foliage penetration through steep look-down angles, penetration of tree lines and optimal location of the radars 
(e.g. looking down roads).  An L-band GMTI radar using a circular array was also assessed.  This program completed in FY 2002. 

 
• The Knowledge Aided Sensor Signal Processing and Expert Reasoning (KASSPER) initiative will radically alter the fundamental “front-

end” signal processing architectures within the radar discipline through the real-time integration of dynamic environmental knowledge to 
dramatically improve clutter and interference rejection and significantly enhance sensor products.  All conventional and advanced radio 
frequency sensors that employ any form of adaptive signal processing estimate the background interference using the same data that is 
used for target detection.  Additionally, it is assumed that the background interference over the region used to perform the estimation is 
stationary and homogeneous.  However, numerous sensors have demonstrated, in real environments around the world, that this assumption 
is not valid.  This problem manifests itself in increased false alarms, decreased target detections, and substantially degraded minimal 
detectable velocities in Ground Moving Target Identification (GMTI) systems.  KASSPER will leverage the advent of detailed databases 
and high fidelity models to address inhomogeneities and non-stationarity at the very front end of adaptive signal processing systems.  Key 
technologies to be developed include advanced algorithms and high-performance computing architectures capable of performing very 
memory intensive adaptive signal processing.  Extensive data collections will be carried out and the program will culminate in a real-time 
demonstration of its processing gains. 

 
(U) Program Plans: 

− Knowledge Aided Sensor Signal Processing and Expert Reasoning (KASSPER) 
-- Develop advanced expert-reasoning algorithms using real and simulated data sets in non-real-time and real-time modes. 
-- Develop real-time, high-dimensionality KASSPER software. 
-- Conduct off-line KASSPER Constant False Alarm Rate & Radar (CFAR) demonstration. 
-- Conduct KASSPER workshops with challenge data sets for signal processing community. 
-- Define high performance embedded computing architecture to enable rapid memory access; design, build, test, and demonstrate. 
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-- Collect highly instrumented monostatic data set for distribution and real-time demonstration. 
-- Demonstrate KASSPER performance gains in real-time processing environment using real data sets. 

 
• The goal of the Counter Camouflage, Concealment and Deception (CC&D) initiative is to significantly enhance the military’s capability to 

detect and track targets hidden under foliage and camouflage.  Specific goals include the validation of Foliage Penetration (FOPEN) target 
detection and false alarm rejection capability.  This synthetic aperture radar (SAR), has been developed for demonstration on a manned 
RC-12 aircraft, and provides inputs via tactical data links for ground image exploitation.  A Ground Control and Display Subsystem have 
been developed to provide real-time, remote operation of the FOPEN SAR, Automatic Target Detection and Cueing and a Common 
Imagery Ground/Surface System-compliant exploitation interface.  Advanced change detection and three-dimensional imaging algorithms 
are under development.  Techniques have also been developed to characterize the terrain cover and the bald earth topography in support of 
Future Combat Systems. 

 
(U) Program Plans: 

− Counter Camouflage, Concealment and Deception (CC&D) 
-- Conduct a FOPEN SAR ACTD in FY03 – 06 under SOUTHCOM sponsorship to demonstrate the military utility of FOPEN 

technologies. 
-- Continue developing techniques for false alarm and clutter mitigation. 
-- Collect data to support terrain characterization under foliage. 
-- Support the Air Force’s Targets Under Trees (TUT) initiative. 

 
(U) Other Program Funding Summary Cost: 
 
• Not Applicable. 
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