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Abstract

Infrared (IR) scene projection (IRSP) is an innovative technology that will revolutionize and redefine test methodologies currently being used to test and evaluate Forward-Looking InfraRed (FLIR) and other thermal imagers.  This emerging technology can easily be transferred and applied to meet the challenges of 21st century state-of-the-art training requirements.  IR scene projector will provide realistic and repeatable operational-type test scenarios in a controlled synthetic environment tailored for IR reconnaissance, surveillance, and target acquisition sensors. These dynamic scenarios can contain numerous backgrounds, multiple targets, clutter, and countermeasures of interest to the testing and warfighter training community.  This paper will include details of the Dynamic Infrared Scene Projector (DIRSP) and Mobile Infrared Scene Projector (MIRSP) major instrumentation developments.  It will be shown that DIRSP and MIRSP are a unique application of modeling and simulation to real imaging IR sensor suites and systems. A brief description of related activities and how IR scene projector’s domain of application can be expanded to include training will be presented.  Additionally, this paper will discuss how IR scene projectors can serve as excellent tools to support simulation based acquisition (SBA) through the Simulation, Test and Evaluation Process known as STEP.  IR scene projectors offer synthetic solutions, innovative and unique opportunity for cooperative development as well as leveraging opportunities for common FLIR test and training requirements.
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BACKGROUND AND INTRODUCTION

The use of infrared scene projection (IRSP) technology during sensor test and evaluation is the cornerstone of the U. S. Army’s Test and Evaluation Command (TECOM) Virtual Proving Ground (VPG).  The VPG serves as a cohesive and comprehensive testing tool which leverages TECOM’s current capabilities while adding modern modeling/ simulation and networking/ interlinking technologies to provide better and faster test support at lower cost.  As an instrumentation tool, IRSP will be used to augment current test methods and gather more effective information allowing better evaluation and decisions on weapon systems using imaging IR and Forward looking Infrared (FLIR) for guidance and targeting.  IRSP revolutionizes the way we currently test and evaluate IR sensor systems.  This technology provides state-of-the-art instrumentation to support test and evaluation of first and second generation FLIRs, imaging IR seekers and future reconnaissance, surveillance and target acquisition systems.  IR sensor technology has progressed much faster than its testing capability.  Laboratory testing has remained much the same as it was in the 1960’s, using calibrated static targets.  Today thermal imaging is used for more than visual targeting.  IR sensors feed algorithms for target trackers, missile trackers, target queue-ers, and automatic target recognizers.  Through the development and use of IRSP technologies we are better able to provide more realistic scenes and targets for fully testing and evaluating current and emerging IR sensors.   Infrared Scene Projectors are configured to accomplish the same basic purpose: “To stimulate an imaging IR sensor with dynamic, projected radiometric energy of sufficient fidelity that the sensor under test reacts to the synthetic stimulation just as it would to the real-world conditions being simulated”.1
Army Close Combat and Aviation Mission Area weapon system sensors will be evaluated using this instrumentation.  These sensors include the Bradley Fighting Vehicle Improved Bradley Acquisition Subsystem (IBAS), TOW Improved Target Acquisition System (ITAS), Javelin Imaging IR Missile System, Comanche - Electro-Optical Sensor Subsystem (EOSS), and other future 2nd generation imaging IR subsystems/systems.  IRSP serves as an excellent tool to support simulation based acquisition, through the Simulation, Test & Evaluation Process known as STEP.  STEP significantly reengineers the way modeling and simulation (M&S) is used with test and evaluation to support acquisition reform.2   The interfacing architecture for this IR scene generation technology will be compliant with the DoD’s High Level Architecture, or HLA.

During the acquisition process, IRSP will help in significantly reducing program risk by introducing more realism into early design and testing.  Later in the process, it can evaluate the effectiveness of IR sensors over their full performance envelope.  Better decisions can be made with more confidence throughout the acquisition process.  Sensor performance and operational characteristics can be evaluated through M&S throughout its acquisition development cycle.  The use of IRSP as an M&S tool throughout the acquisition process is known as Simulation Based Acquisition (SBA).

The IRSP domain of application includes development, analysis, integration, exploitation, training, test and evaluation of ground and aviation based imaging IR sensors/subsystems/systems.  This applies to FLIR systems, imaging IR missile seekers/guidance sections, as well as non-imaging thermal sensors.  Applications go beyond laboratory testing, IRSP provides an ideal method of planning field tests to optimize the time spent in the field and can also be extended to include training, tactics and doctrine development.3 

Fielded and ongoing instrumentation programs that utilize IRSP technologies include the Army’s Dynamic Infrared Scene Projector (DIRSP), Mobile Infrared Scene Projector (MIRSP), Air Force Wideband Infrared Scene Projector (WISP) and Joint Air Force/Navy Central Test and Evaluation Investment Program (CTEIP), Infrared Sensor Stimulator (IRSS).  Other related efforts include Dynamic Built-In Test/Simulation (DBITS), and Flight Motion Simulator Infrared Scene Projector (FIRSP).  Several of these projects will be discussed further in this paper.  

This paper is to discuss how we can use IRSP technology and scene projection systems to augment our current test and training processes, to improve our decision making capability regarding FLIR target acquisition and fire control subsystem performance, with minimal field testing.

DIRSP INSTRUMENTATION SYSTEM

The DIRSP is an instrumentation system, which projects thermal “in-band” dynamic IR energy directly into the entrance aperture of an imaging IR sensor under test.  This IR energy and pixel resolution is to the level of detail sufficient for the sensor to “perceive and respond” to the synthetic IR scenes, just as it would perceive and respond to the same real world scenario.  With the DIRSP, we will come much closer to directly answering the question of how well a FLIR sensor performs with respect to operational performance requirements within the laboratory - starting with the very first prototype FLIR.  The DIRSP system and the imaging IR FLIR sensor are analogous to television and the human eye, where the DIRSP system can be thought of as an IR "television"3. 

DIRSP will provide a state-of-the-art, very high fidelity IR scene projection test instrumentation capability to the Army and Department of Defense (DoD).  This level of fidelity has been previously unattainable and is currently unavailable elsewhere.  The output of the DIRSP is currently configured to support LWIR applications and capable of projecting synthetic operational scenarios temperatures ranging from –35ºC up to +60ºC environments.  The full 1632x672 pixel frame rate is 30 hz with capability to drive 512x512 at 60 hz and 256x256 at 120 hz.  The field of view can be continuously adjusted with 5:1 zoom optics system.  The image generation capability is open, flexible, and expandable3.  The DIRSP consists of eight subsystems.  Figure 1 shows a three-dimensional rendering of the DIRSP and its subsystems.  The following is a brief description of each of the subsystems.  

Infrared Emitter Subsystem (IRES) 

The IRES is the heart of what makes DIRSP unique and innovative.  The IRES was developed in three phases.  Phase I was the trade-off-analysis and design phase, phase II was the fabrication of the DIRSP engineering grade arrays (DEGA) and phase III was fabrication of the final science grade arrays.  Three of these science grade arrays would then be installed in the DIRSP to form a mosaic image.  The array is a 672x544 pixel suspended membrane microresistor emitter.  The IRES was developed under sub-contract with Honeywell Technology Center (HTC).  Each emitter pixel is actually a tiny rectangular resistive element that is 45 (m x 61 (m in size.  The resistor element emits radiation in the 2-20 (m range from heat generated by passing a highly controlled amount of current through the element.  Through a novel arrangement of reflective offner relays and “wedge mirrors”, the three arrays are optically combined to form an effective mosaic of 1632x672 pixels, for a very high resolution two dimensional image format.  The arrays are contained in a vacuum chamber environment and maintained at a constant –35ºC background temperature.  Since the IRES provides continuous broadband IR output, the optics can be exchanged to select any particular waveband of interest (e.g. 3-5(m.).  

Projection Optics Subsystem (POS)

The POS consists of the optics required to project the IR image generated by the IRES into the unit under test (UUT).  The POS was developed by Diversified Optical Products (DIOP) via sub-contract to Mission Research Corporation ((MRC)-DIRSP prime contractor).  Besides the image combiner optics for the three arrays, the POS includes a beamsplitter to fold in a high temperature blackbody source which provides the equivalent radiometric background operational temperature scenario, and a 5:1 continuous zoom refractive optics system, with focal lengths ranging from 225 mm to 1125 mm.  The POS is capable of filling an 8” pupil at 31 inches stand off distance to the UUT.  The POS is contained inside a vacuum chamber and conditioned at a constant –35ºC, to suppress background radiation.  The front window of the DIRSP is vacuum sealed to allow interfacing to the environmental conditioning of the UUT.

Environmental Conditioning Subsystem (ECS)

The ECS provides a constant background environment @ -35ºC for the IRES and POS.  It consists of a chiller, vacuum pump, heat exchanger with siltherm coolant, plumbings and vacuum housing for the DIRSP.

Control Electronics Subsystem (CES) 

The CES is comprised of two major sections, digital and analog.  The digital electronics are transputer based architecture and provide the high-speed interface to both the image generator or personal computer and the input image sources for the Computer Image Generator (CIG) or RS-170 analog video.  In addition to interfacing to the command and control, and input imagery, it formats the data to each of the three IRES emitter arrays.  These signals provide address and pixel drive voltages which are sent to the analog electronics.  The analog section converts the incoming pixel drive signals to the required analog voltage for each of the array’s 32 channels (also configurable for 64 channels).  These signals coupled with the addressing signals supply complex electronic images to the emitter pixels, which convert the voltage to IR radiation.

Software Control Subsystem (SCS)

The SCS consists of a single Computer Software Configuration Item (CSCI) which controls all command, data, and status information for the CES. The SCS consists of six Computer Software Unit (CSU) components: the Control & Monitor System (CTL); Real-Time Controller (RTC); Graphical User Interface (GUI); CIG Interface (CIF) unit; Calibration (CAL) unit; and Sensor Monitor & Control (SEN). The SCS controls the DIRSP modes of operation through GUI local operator commands or remote CIG commands.  SCS software also controls the real-time display of data to the IRES.  DIRSP operational modes include Alignment, Non-Uniformity Correction (NUC) table construction, display, and diagnose, standby, reset, and Built-In-Test (BIT).

Mounting Platform Subsystem (MPS)

The MPS is a stabilized mounting platform having six degrees of freedom.  The MPS serves as the mounting base for most of the DIRSP subsystems.  It was designed and developed with COTS components under subcontract with Motion Solutions, Inc.  (MSI).  

Non-Uniformity Correction (NUC) Subsystem

The NUC subsystem determines the image quality of the DIRSP.  This subsystem is used to calibrate the projected scene image.  The NUC consists of the NUC sensor (Rockwell LWIR focal plane array camera), sensor optics and software for data acquisition.  The NUC software performs three main functions; NUC sensor calibration, emitter array to NUC sensor alignment/calibration, and emitter array calibration.     

Computer Image Generator (CIG) Subsystem

The CIG subsystem is the real-time scene generation platform used to input the 3-D synthetic environment database and host the scene generation and image rendering software.  The CIG platform is Redstone Technical Test Centers (RTTC’s) High Performance Computer (HPC).  The HPC CIG is comprised of a Silicon Graphics Incorporated (SGI) Origin 2000 mainframe with a SGI Onyx-2, Infinite Reality Engine graphics HPC remote satellite platform co-located with the DIRSP hardware.  The Onyx-2 Infinite Reality Engine provides a high-speed digital data output port, which interfaces to the CES, providing the real-time digital images used to drive the IRES.  The Onyx-2 also contains a 64 GB high-speed disk array capable of storing over 30 minutes of pre-recorded imagery for direct playback.

For input scenes, the DIRSP will leverage existing databases and scene generation codes to the maximum extent possible.  These input scenes could be empirical, predictive or pre-recorded for direct playback or any combination. Similarly, the actual scene generation codes have been directly obtained from other DoD developments or Commercial-Off-The-Shelf (COTS) products.  These include the TECOM Virtual Range (VR), Night Vision Electronic Sensors Directorate (NVESD’s) Paint-The-Night (PTN), Missile Research, Development, and Engineering Center’s (MRDEC’s) Missile Infrared Seeker Analysis Tool (MIRSAT) and HWIL Scene Generation Subsystem (SGS), SWOE, Joint Navy/AF CTEIP IRSS Scene Generation Subsystem (SGS) and Multigen-Paradigms SensorVision.
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Figure 1.  Three-Dimensional Rendering of DIRSP and its Subsystems

The DIRSP materiel developer is the U.S. Army Simulation, Training, and Instrumentation Command (STRICOM), Project Manager for Instrumentation, Targets, and Threat Simulators (PM ITTS), Instrumentation Management Office (IMO), located 

in Orlando, FL.  The technical manager and end user is the U.S. Army TECOM, RTTC, located in Redstone Arsenal, AL.   The DIRSP prime contractor is Mission Research Corporation (MRC), located in Santa Barbara, CA.

MIRSP INSTRUMENTATION SYSTEM

The MIRSP is a mobile and transportable instrumentation system, which like the DIRSP will project thermal “in-band” dynamic IR energy directly into the entrance aperture of an imaging IR sensor under test. The MIRSP is currently in development and the acquisition is being done as a two-phase approach.  Phase I is the development of the “Pathfinder” MIRSP.  This is being acquired as an in-house government development by RTTC.  Phase II, the “Objective” MIRSP is expected to be a full and open competition acquisition.  

A prototype MIRSP was developed by RTTC as a technology risk reduction prototype for the pathfinder MIRSP acquisition.  This prototype uses a DIRSP engineering grade array (DEGA) for its IR emitter source.  Figure 2 shows the prototype MIRSP system.   Figure 3 shows a comparison of a generated image versus the same generated image projected through the DEGA.
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Figure 2.  Prototype pathfinder MIRSP
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Figure 3.  DEGA projected image (collected with ITAS RS-170)

The MIRSP allows the IRSP capability to come out of the laboratory and into the tank-yard or aircraft hanger.  This capability will allow the sensor under test to be evaluated while still installed on its tactical platform, thereby providing a “quick look” of system operational performance just prior to mission.

The Pathfinder MIRSP leverages existing IRSP technologies from the DIRSP system and maximizes the use of COTS items.  MIRSP is being designed, fabricated and tested by the U.S. Army TECOM, RTTC.  The fielding location is the TECOM, U.S. Army Aviation Technical Test Center (ATTC) and the Initial Operational Capability (IOC) is scheduled for FY01.  

The Pathfinder MIRSP will be a fully operational dynamic IR scene projector.  The MIRSP is being designed to allow transport to various test centers or field locations when stored in the transport vehicle.  Once at the particular test site, a two-person team will setup and perform its operation.  The pathfinder  consists of the same eight subsystems as the DIRSP project but in different configurations.  The IRES consists of a single DIRSP microemitter array (544 pixels wide x 672 pixels high) which can be driven at frame rates in excess of 60 hz. and projects in-band LWIR energy via resistive array technology.  The CIG provides the sensor under test with a real-time generated IR scenes, stored scenarios, or common RS-170 video playback.  The POS consists of three interchangeable optical collimators with discrete focal lengths ranging from approximately 95 mm to 1550 mm.  The stand-off-distance from the MIRSP to the sensor under test is in excess of 500mm.  The POS narrow and medium field of views will fill the entire field of view (FOV) of most second generation FLIRs.  The dynamic area will make up approximately 45% of this FOV.  Upgrades to larger array formats, when they are available will fill larger areas of the sensors FOV.  The Pathfinder MIRSP will be capable of projecting operational scenarios ranging from 0ºC up to +60ºC environments.  The scene generation capabilities are similar to those of the DIRSP.  Figure 4 shows the concept pathfinder MIRSP and its subsystems.  Figure 5 shows the MIRSP in a closed-loop configuration with the Comanche RAH-66 helicopter.   
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Figure 4.  MIRSP phase I pathfinder concept configuration
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Figure 5.  MIRSP closed-loop phase I pathfinder configuration

The objective MIRSP is expected to be acquired via a full and open competitive procurement.  The objective MIRSP operational requirements will take into account lessons learned from the DIRSP, pathfinder MIRSP and other IRSP development projects.  The objective MIRSP will have all the capabilities of the Pathfinder; however, it will take advantage of the evolving technologies in the resistive array and computer hardware/software.  It is projected that the objective MIRSP will have a 2048 pixel wide x 1024 pixel high array format.  It will also have a multispectral projection and test capability (MWIR, LWIR, ultra-violet, visible, and laser ).  The objective MIRSP system will be a mobile EO sensor test instrument for testing EO sensors while installed on the weapon systems platform.  

The MIRSP materiel developer is the STRICOM, PM ITTS- IMO, located in Orlando, FL.  The technical manager and developer of the pathfinder MIRSP is RTTC, located in Redstone Arsenal, AL. and the pathfinder MIRSP end user is the TECOM, ATTC, located at Fort Rucker, AL. 

OTHER INFRARED SCENE PROJECTION APPLICATIONS

The Dynamic Built-In Test/Simulation (DBITS) is a small business innovation research (SBIR) program to develop a proof of concept prototype IR and visible scene projection system for built-in testing of the Improved Bradley Acquisition Subsystem (IBAS).  Phase I of the SBIR was a feasibility study completed in FY 98.  A phase II, proof of concept phase is currently ongoing.  The IRSP technology used in DBITS consists of the MIRAGE (Multispectral Infrared Animation Generation Equipment) scene simulator system.  MIRAGE is a Dynamic Infrared Scene Projector system being developed jointly by Santa Barbara Infrared, Inc. and Indigo Systems Corporation.  DBITS will provide applications for training beyond its built-in test capabilities.  

CURRENT AND FUTURE LABORATORY AND FIELD ACCEPTANCE/EVALUATION TESTING

In dealing with military/tactical applications, we strive to ensure that our systems perform as planned - prior to execution of war.  Typical operational requirements span numerous scenarios which incorporate various targets, backgrounds, countermeasures, ambient temperatures, and other environmental conditions.  How well does the imaging IR and target acquisition subsystem actually perform under these scenarios?  Presently, to verify the FLIR sensor performance, we conduct laboratory and field-testing.  The laboratory testing is conducted on the very first prototype and continually throughout the life cycle of a program on many (if not all) of the production sensors.  In laboratory testing the test scenarios, parameters and conditions can be altered very easily.  However, field-testing stands as “the bottom line” and is much more resource intensive and expensive than laboratory testing and is consequently performed on a very limited number of sample sensors.  We also have a long history that confirms the common sense conclusion that problems should be identified and resolved as early as possible.  It is very difficult to repeat the test scenarios, conditions and parameters from a prior test for failure analysis.  Many times it is difficult to admit to problems identified during field test exercises because of the enormous expense involved for corrective action implementation.  Field tests are conducted for larger programs but the cost of such testing limits it to a bare minimum.  Smaller programs may avoid field testing altogether3.   Field testing has been the only alternative to verify the effectiveness of IR sensors in complex situations.  Although field-testing is absolutely essential to properly evaluate any system, there are several drawbacks to extensive field-testing.  It can be very expensive depending on the required instrumentation, personnel, targets, and testing environment needed.  A far more important shortcoming is that it cannot be reproduced consistently and precisely enough to compare systems or to test systems over time.  

The typical EO test laboratory consists of a UUT mounted in a test stand looking into an off-axis parabolic collimator.  The target is placed at the focal point of the collimator so that it appears to be several kilometers downrange.  This is similar to the effect of looking into a telescope through the wrong end.  With the proper optics items can appear to be thousands of times farther away.  

The IRSP puts the actual battlefield targets into the laboratory.  By recording a battlefield scene and replaying it into the IRSP, each system tested can be given exactly the same challenges.  This is essential to tune both targeting sensors and the software that analyzes the image in automated systems.  Extreme weather can affect performance as well.  The laboratory is equipped with a temperature-conditioning chamber that can reproduce environments ranging from desert to arctic.

The future of laboratory testing of tactical FLIR sensors will be greatly enhanced with the advent of DIRSP4,5.  It is likely that few (if any) current test methods, such as minimum resolvable temperature (MRT), will ever be completely replaced.  However, in the spirit of new acquisition and test strategies, the future of laboratory testing should address faster, cheaper, and better ways to get to the bottom line operational performance of the FLIR sensor.  In the future, developmental testing, operational testing and training communities will become highly integrated.  IRSP systems offer an excellent solution toward this end, while at the same time providing FLIR target acquisition and fire control developers an excellent 
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Figure 6.  Current laboratory test capability versus future testing capability

development and integration tool.  This is because IRSP systems will allow evaluation of the total target acquisition/fire control subsystem including, but not limited to, the FLIR sensor.  Figure 6 shows a comparison between the current test methods of 4-bar target Image used today versus the future laboratory test capability.   

The DoD strategy for acquisition streamlining includes policy and guidance for performance specifications.  That is, the requirements for new target acquisition devices will be generated in terms of performance specifications instead of detailed requirements. Furthermore, the streamlined acquisition efforts include more demands for operational/performance type testing of these sensors, using more simulation and synthetic environments where possible.  The official Army policy for specifying tests are to require only the minimum essential tests and they must be fully tailored to require the minimum of testing to ensure compliance6.  Again, DIRSP is an excellent solution for integrating modeling and simulation into laboratory testing to ensure direct compliance with operational/performance requirements.  

Future FLIR target acquisition sensors will be tested and evaluated under synthetic environments, using a DIRSP to provide the inband radiometric scenes/scenarios which represent real-world battlefields.  The UUT will be mounted on a platform motion simulator, environmentally conditioned to an operational temperature environment (typically between -35ºC to 60ºC), and pointed/positioned to look into the DIRSP.  The DIRSP will simulate the scenarios of choice at the same background temperature that the UUT is configured.  Given the operational scenarios presented to the FLIR, video output of the FLIR will be presented to trained observers for target acquisition performance assessment of target detection, classification, recognition, and identification.  Furthermore, post sensor algorithm performance of autonomous target engagement assistance, including future automatic target recognition (ATRs), can be evaluated with DIRSP systems.  Calibrated scenes will be callable for almost any region of the world, any imaginable target, any background, under most climates and weather conditions, and almost any type of obscurant.  Hardware-in-the-loop and man-in-the-loop testing will take on new levels of sophistication that will allow a full gambit of operational testing.  Results from this testing will form a complete performance envelope that would describe a FLIR target acquisition/fire control system’s utility in almost any deployment.  Such envelopes could even assist in time-critical warfighting decisions.  Figure 7 depicts the two realms of testing described in this section, field “open air range” testing and laboratory “virtual range” testing.  Both these test scenarios should provide the same visual and electrical response from the sensor under test.  The MIRSP will provide a similar evaluation tool for IR sensors while installed on their tactical platform.  MIRSP is also excellent tool for performing sensor evaluation during development and integration by the developing organization or contractor.  

The process of verification, validation and accreditation (VV&A) is essential for widespread acceptance of IRSP.  Many issues exist for VV&A in using the DIRSP system for testing.  These issues include a clearly defined domain of application, intended use, observer variability7, measures of effectiveness, objective image quality metrics and standardization across the different military services.  One such mechanism for establishing standardization is through the International Test Operations Procedures (ITOP)8.  The project developer performs the verification and assists the project proponent during the validation.  The project application sponsor is responsible for the accreditation with help from the V&V proponent.  At this point in time, VV&A activities for DISRP systems are underway, and a draft implementation plan has been developed.  Objective metrics are also being developed for use in the V&V process.  It is important that the IR sensor and target acquisition community consider how to specify performance and other issues associated with VV&A for evaluating the capability of a sensor to “perceive” and “respond” as it would in the real world.
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Figure 7.  Field testing and laboratory testing

HOW INFRARED SCENE PROJECTION HELP TRAIN SOLDIERS 

Infrared scene projection can be applied to training devices and techniques.  For this application, the users are very functionally oriented with a keen interest in what is being done with the system they are training on.  Of primary importance is the scene appearance to reality and correlation between the training with the IR scene projector and real field training.  For human in the loop target acquisition or reconnaissance applications (using FLIRs), the projected scene must replicate the visual stimuli the gunner receives during a battlefield engagement.  Whereas for sensors with target trackers (including IR imaging missiles), the projected scene must have enough fidelity to “fool” the tracker algorithm(s) so they respond just as they would in the real world.  These requirements are very similar to those necessary for high fidelity test applications.  Nevertheless, the IR scene projection would of course have to be validated for the training domain of application with respect to its intended use.  A large database of different scenarios would be required to prevent the users from learning the scenarios.  The most effective series of training engagements can likely be taken from existing developments.  At the moment there has been no specific examination of Army proponents and documented requirements to determine whether IR scene projection might be the preferred solution.

Recently, as part of an Army-wide growing interest in Military Operations in Urban Terrain or MOUT, the Javelin Project Office was requested to conduct first time test flights against a building and a bunker typical of MOUT targets.  The engagement of MOUT targets is not part of the current Javelin training program.  The use of synthetic IR scene projection in the RTTC hardware in the loop test lab allowed the gunners, Project Office, Test and R&D personnel to review, modify, and iterate the engagement methods in a nondestructive environment until a satisfactory method was identified.  The training in this case subsequently resulted in two successful Javelin missile flights on the real test range.

CONCLUSION

The military's use of M&S to support model-test-model in lieu of build-test-build is a significant driver for seeking more realistic tests.  However, more field-testing is not a cost effective option for achieving increased realism in tests.  IRSPs have been used for imaging IR missile simulations and are now being developed for FLIR target acquisition testing.  Testing with IRSPs provides a cost effective method of increasing the realism in testing FLIRs by integrating high fidelity M&S into the test and evaluation processes.  IRSP systems will allow a more realistic demonstration of FLIR sensor performance and provide for realistic operational assessment of automatic target acquisition and engagement functions.  This new capability requires that the IR community resolve some issues such as creating new "standards." 

The use of IRSP technology for laboratory and field testing and training will impact acquisition, design, development, and training strategies.  The direction in acquisitions is to use performance specifications and avoid specifying how those performance specifications are to be met.  In the future, contractors may be provided with a set of scenarios (on an appropriate storage medium) to design a sensor.  Contractors will use M&S to optimize the design.  IRSP technologies will be used early in the development cycle to confirm the IR sensor and post processing algorithms meet the performance specification.  IRSP systems will determine acceptability of the target acquisition/fire control subsystem and will be used to guide field-testing scenarios.  Consistent with recent Army guidelines for testing, IRSP systems will provide for the integration of M&S into the test process and will allow the minimum of testing to ensure compliance.  Scenarios can be repeated until all design or build issues are resolved.  Field-testing will be carefully scripted using results of laboratory testing.  This will further reduce the overall cost of acquisitions by maximizing the information gained from the field tests.

The techniques described can be extrapolated to TV sensors as well with visible scene projectors, to augment Minimum Resolvable Contrast testing.  The DIRSP program for testing FLIRs has a pre-planned product improvement (P3I) to incorporate visible scene projection capability for this very purpose.  Additional planned P3I capabilities include adding a midwave IR channel and countermeasure simulation capabilities.  Likewise, commercial thermal imaging devices/systems can also be evaluated with DIRSP devices.  All these applications can be applied to operational testing objectives and ultimately used to support larger distributed testing efforts in the long term.

In summary Infrared Scene Projection technologies and scene projection systems will provide enhanced M&S and testing and training capabilities, enhances and expands current methods used for evaluating EO and imaging IR sensors.  IRSP projects accurate, dynamic, realistic, repeatable, controlled, complex, real time IR scenarios with multiple targets, and clutter to the sensor under test.  Also IRSP provides assessment in reconnaissance, surveillance, and target acquisition, for testing, training, and doctrine evaluation; to include aided or automatic target queuing, tracking and ATR performance.  
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