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ABSTRACT

The utilization of a 672x544-resistor array based Mobile Infrared Scene Projector (MIRSP) for Hardware-In-the-Loop (HWIL) Test and Evaluation (T&E) of installed Imaging InfraRed (I2R) sensors is presented.  The US Army Test and Evaluation Command (TECOM) is developing MIRSP systems for T&E of I2R sensors installed on both aviation and ground platforms.  The initial pathfinder MIRSP, discussed here, will be used as a risk-mitigation tool to help determine and define requirements for the objective MIRSP systems.  A description of the pathfinder MIRSP configuration, performance characteristics, and operational modes is provided.  The effectiveness of a MIRSP system for HWIL testing is heavily dependent on the characteristics of the I2R Unit Under Test (UUT).  Typically, laboratory HWIL T&E scenarios are designed to simulate the engagements that the platform could encounter in an operational mode.  However, installed systems tests are performed while the platform is stationary in a hangar/depot facility.  For this installed systems test configuration, it is commonly necessary to bypass critical components (e.g., gimbals, inertial gyros, etc.) that are an integral part of a closed-loop path around the UUT.  This paper will examine multiple issues that surround the utilization of a MIRSP for effective T&E of I2R sensors in an installed systems test environment. 
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1. Background

The quantitative testing of imaging infrared (I2R) sensors has primarily been performed in laboratories, often with extreme care being devoted to controlling the physical environment and test equipment in order to insure that the test conditions remain consistent between evaluation periods.  However, the test engineer evaluating IR subsystems installed on aircraft has never had the luxury of controlling the test conditions to the degree available in a lab.  The installed electro-optic (EO) systems tests typically are performed on open ranges to evaluate the performance criteria of the systems under real-world conditions.  In so doing, the test engineers must contend with range time availability, unpredictable environmental conditions, and logistics issues arising from the use of an entire vehicle.  These conditions can lead to increased uncertainties in the test data collected and schedule delays.  To make the situation even more difficult for the installed systems test engineers, the limited funding for field testing is continuing to be reduced; therefore, there is an increasing need to collect reliable and accurate test data the first time. 

In the laboratory each EO subsystem or Unit Under Test (UUT) is characterized using standard test configurations and procedures such as Minimum Resolvable Temperature Difference (MRTD), Modulation Transfer Function (MTF), and Instantaneous Field of View (IFOV).  Each of these tests require a fairly exhaustive understanding of the UUT and the procedure to configure the test, gather the raw data and process the raw data into meaningful test results.  The cumulative results of these tests make it, almost without exception, difficult for a lay-engineer to extrapolate or predict useful information about the UUTs capability in real-world conditions.  In many cases the test results have to be used as input to various models to produce meaningful information about a UUT.  To further illustrate the point, simply ask any pilot or gunner how many 3-bar targets they encountered on their last battlefield exercise. The test results are simply not intuitive, regardless of how well accepted the procedures are to the test community.

New tools are being fielded that will make testing of I2R systems much more intuitive, yet maintain a manageable method for characterizing a UUT.  For laboratory testing of EO subsystems, that tool is the Dynamic IR Scene Projector (DIRSP)6 and the associated device for field test operations is the Mobile IR Scene Projector (MIRSP).  Both devices are designed to provide realistic tactical scenarios through IR stimulation so that the EO sensor responds as though it is viewing the real world.  A highlight of these IR Scene Projector (IRSP) systems is the fact that the dynamic testing that can occur will be repeatable and, assuming that the UUT has not degraded the results, should be consistent between evaluation periods.  Finally, a test asset is available to allow the collection of quantitative data from an installed EO system without compromising the level of control due to a non-laboratory environment.  The installed system test engineers will be able to evaluate a system in the field while the vehicle is in a static mode, identify system limitations, recommend corrective actions and optimize the planning of dynamic vehicle operations in order to conserve the costly flight test hours.  The MIRSP system will also be useful for installed EO systems where vehicle size prohibits conventional laboratory testing.  Many systems operating in a tactical configuration will fall into this category.  Due to the design capability for the MIRSP to be mobile, the system will be useful for installed systems that are logistically impractical to transport to an optics lab test facility.

The US Army Test and Evaluation Command (TECOM) initiated the MIRSP Project in August of 1997.  At that time an Integrated Product Team (IPT) was tasked to define MIRSP requirements, oversee efforts, identify test requirements, determine the best technical approach to attain requirements, outline program options, costs and milestones, and determine funding options.  The result is an ongoing development with a two-phase strategy.  The first phase of the effort is intended to last approximately 43 months and will provide risk reduction for the second phase system.  The first phase system, the pathfinder, will leverage off existing technologies to minimize cost, risk and schedule overruns that may occur due to Research & Development (R&D) cycles.  The first phase pathfinder is intended to be a tool to assist in the definition of final requirements and reduce risk from unforeseen issues as a mobile unit.  The team from Redstone Technical Test Center (RTTC) will perform the primary development and system integration for the first phase MIRSP pathfinder system.  The second phase is proceeding along with the first phase in order to better leverage any “lessons learned” from the first phase development.  Additional requirements are being added as necessary due to the broad test regime under which the system will be expected to function. 

The field of IR Scene projection has seen great strides in the past few years.  Several systems have been fielded in test facilities throughout the world.  TECOM intends to leverage off the various projection technologies available today to make MIRSP a viable addition to installed system testing.  Several IRSP systems that have been developed prior to the MIRSP development include the Nuclear Optical Dynamic Display System (NODDS), the Wide-band Infrared Scene Projector (WISP), the Flight Motion Simulator (FMS) IR Scene Projector (FIRSP), the DIRSP Engineering Grade Array (DEGA) and the DIRSP.  Because the MIRSP intends to use existing technology, risk is inherently minimized.  However, to make the MIRSP a useful tool for installed systems testing many new issues must be resolved.  Often these issues are dependent on the UUT.  

In order to provide the test community with a baseline for using the MIRSP, ATTC is working with the Comanche Project Office to provide the service of installed testing of the Electro-Optical Sensor System (EOSS).  To successfully test this system, ATTC engineers will have to work closely with engineers form Lockheed and Boeing who are responsible for technical issues involving the Comanche system.  The lessons learned from the interactions with systems engineers will be made available to other potential users of the MIRSP system such as Yuma Proving Ground (YPG) and Aberdeen Test Center (ATC).  Due to the variety of systems that are potential candidates for using the MIRSP, issues involving sensor resolution, mounting configuration and proper test scenario development must be evaluated on a system by system basis. 

The experience at ATTC with testing and evaluating installed systems has provided the opportunity to solicit support from a variety of project managers which include Apache, Comanche, and Night Vision.  The result of this support is the inclusion of the MIRSP as a test asset in both the Apache Pilots Night Vision Sensor (PNVS) upgrade and the Comanche EOSS test plans.  Successful use of the MIRSP during these tests will benefit the Army’s premier rotary wing aviation system and lay the ground work for supporting and enhancing testing of a large number of Army EO systems.  The MIRSP has the potential to benefit the Army through EO system development and integration as well as testing and training

2. Mobile IR Scene Projector (MIRSP)

The Phase I MIRSP pathfinder system is being designed around a core set of user requirements that have been established by the potential users (i.e., TECOM test centers - ATTC, RTTC, YPG, ATC, etc.).  In addition to the list of requirements for phase I, the phase II system has modified or added new requirements that will be met during that phase of the program.  A list of those requirements is provided in Table 1.4  
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Based on this list the MIRSP team has developed a configuration that consists of hardware based on existing technology, including many Consumer-Off-The-Self (COTS) components.  This configuration contains basically eight separate subsystems that can be identified in Figure 1.  The packaged DIRSP array or the Emitter / Dewar Subsystem (EDS) is proven technology that combines a Honeywell Technology Center (HTC) emitter and a Mission Research Corporation (MRC) dewar assembly.  The array, currently being demonstrated by RTTC, has a 672x544 pixel array size with a 61x45 micron resistor pitch, respectively.  The dewar assembly requires support from a separate subsystem to create and hold a vacuum and maintain a constant temperature at the array.  This Dewar Environmental Conditioning Subsystem (DECS) consists of a COTS-based turbo-molecular vacuum pumping station and a COTS-based chiller that is capable of maintaining temperatures from ambient to –45C.  

The emitter array is controlled by digital and analog electronics. The predominately analog electronics VME chassis contains one Address board and four 8-channel Digital to Analog Converter (DAC) boards.  The digital electronics VME chassis contains an input image board, a framebuffer board, a Real-Time Non-Uniformity Correction (RT-NUC) / Framebuffer board set and a DIRSP personality board.  The analog electronics chassis is tied to the digital electronics chassis by a digital interface cable making up the Control Electronic Subsystem (CES).  It is the CES that properly converts input imagery to the correct signals needed by the emitter to produce the IR energy.  A digital representation of IR imagery is received by the digital interface in a format known as DDO2 (i.e., Silicon Graphics Incorporated (SGI) Digital Data Output 2 format).  This signal is converted and sent to the digital electronics chassis where RT-NUC is applied.  The signal is then sent to the analog electronics chassis for proper delivery to the emitter array.  

The responsibility for providing real-time IR digital image data falls to the Computer Image Generator Subsystem (CIGS).  This system has been required to be a minimum of an SGI 4-processor (R10K) Onyx2 Infinite Reality system.  The CIGS will be required to have at least one graphics pipe with 2 Raster Managers, a DDO2 port, a Ciprico disk array for image playback and storage, a VME interface, a Cray-Link Digital Video Port (DVP) cable, an RS-170 video input interface, and a PCI interface.  

The MIRSP, as a system, will be controlled from the CIGS through a Software Control Subsystem (SCS) which will provide all the Graphical User Interfaces (GUIs) necessary to setup, control, and monitor the MIRSP subsystems.  One of the special functions of the CIGS and SCS will be to interface to the NUC Sensor Subsystem (NSS).  The NSS will function to collect NUC data on the emitter array.  This is performed with an AGEMA 1000LR Long-Wave IR (LWIR) radiometer.  Along with the radiometer, the NSS contains custom image capture interface electronics and a COTS-based framegrabber for the Onyx2 platform.

When all the systems are working together, the emitter array will be producing LWIR imagery that is ready to project into a Unit Under Test (UUT).  The interface to the UUT consists of the Projection Optics Subsystem (POS) and the Mobile Mounting Platform Subsystem (MMPS).  The POS is made up of three fixed focal length collimators that are interchangeable.  The phase I MIRSP system will have a POS that is optimized for the RAH-66 Comanche EOSS NFOV sensor with a standoff distance greater than 20 inches.  The MMPS will provide a mobile yet stable platform that can be adjusted and positioned such that proper alignment of the POS and UUT optics can occur.  The POS, EDS and portions of the CES and DECS will be mounted on the MMPS.  

2.1 Performance Characteristics3
The performance goal of the MIRSP system is to provide IR stimulation to a FLIR sensor such that the sensor perceives and responds just as it would in the real world.  Because the system is based on the same technology as the DIRSP system, there is very little new information with regard to the array format and capability.  In short, the MIRSP will have a 672x544 pixel resolution array that will be capable of providing a background equivalent temperature of 273K.  The design is to be able to control the simulated temperatures to within 0.05 degrees (0.02 desired) with an accuracy of 0.05 C over the 0 to 30 C range.  Current requirements state that the system be able to provide a simulated output temperature of 373 K over a maximum of 25% of the pixels at any instance in time.  The limitation is a prudent choice until more long-term data is collected on the ability to apply high temperatures to a large number of resistors for any length of time.

The MIRSP system’s primary benefit over a system like the DIRSP is its mobility.  The pathfinder MIRSP footprint allows it to reside on a wheeled cart that is small enough to fit through a standard three-foot door.  The unit is also small enough that no more than two persons will be required to transport the system from point A to point B.  The system/cart weight will be such that a hoist or wench may be required to traverse any vertical distances even if a ramp is provided.  All equipment on the cart will be connected by an umbilical cord to the main computer station which can be located up to 100 ft away under current designs.

Another advantage of the MIRSP system is its ability to align itself to a system under test.  For installed system testing this ability is desired far more than the ability to align an entire vehicle to the test equipment.  The MIRSP has been designed to move with as many as six degrees of freedom in both coarse and fine resolution steps.  The height is adjustable from 25 to 60 inches using coarse increments via a scissors-jack stand.  The fine adjustments for height and X-Y translation are made using linear stages with resolutions approaching 0.01 inches.  Pitch and Yaw are controlled by a motorized gimbal stage with approximately 0.05-degree angular resolution.  Lastly, the roll has a manual and continuous adjustment limited by approximately + 2 degrees of rotation.  Further rotation can be achieved by unbolting the emitter/dewar assembly and rotating it for a coarse adjustment.

The optics assemblies will consist of three FOVs corresponding to the Comanche EOSS subsystems narrow, medium and wide FOV.  The NFOV will provide a 2 x 1.5 degree dynamic FOV and the MFOV will provide a 8 x 6 degree dynamic FOV.  The WFOV optics will be maximized for the given 20-inch standoff distance specification.  Each of the optical systems is being designed to permit no more than 3% optical distortion across the FOV.  The optics are also waveband limited and will also only pass radiation between 7-12 m. 

2.2 Operational Modes

The MIRSP system will incorporate at least four distinct modes of operation for the user to select.  These modes (Standby, Operational, NUC, and Alignment) will be the basic foundation of the SCS GUI.  In the primary operational mode, the user will have the capability to load imagery, perform Non-Uniformity Correction and playback the stored data from any input as well as shutdown the system.  This means that the MIRSP will be capable of displaying simple static images like 4-bar targets and target templates, as well as dynamic scenarios either from collected digital or analog sources or from scenarios synthetically generated based on empirical databases and targets.  These scenarios can be combined with an assortment of models to produce imagery with natural and manmade obscurants, such as fog, rain, and smoke.

The MIRSP alignment mode will provide predefined “static” patterns such as crosshairs, concentric rings, etc.  This mode will allow the user to control all positioning stages, allowing proper alignment of the MIRSP to a UUT.  The MIRSP NUC Table Construction Mode will allow the automatic collection, processing and storing of NUC data.  In the MIRSP standby and all other modes the SCS will continually monitor key components to insure proper operation and to avoid situations where equipment damage could occur (e.g. array overheating). 

3. Unit Under Test

The phase I MIRSP pathfinder is being designed to help determine the requirements of expected users and their customers.  The variety of UUTs expected to be tested by the MIRSP system makes it inherently impractical to design a system to meet everyone’s needs.  One major limiting factor is the development of an optical interface that is optimized for every testable FLIR sensor.  Instead, this project will design and develop a projection device that will provide sufficient fidelity to test a majority of the current FLIR sensors.  It will be the responsibility of the test engineers to design optical interfaces (i.e. collimators) that are optimized to their current UUT.  This will include designing the optics so that aliasing properties of the UUT are kept intact when viewing the input imagery2 as well as insuring that the optical quality (aberrations) is sufficient to provide imagery indistinguishable from the real world.

The RAH-66 Comanche Electro-Optic Sensor System (EOSS) has been selected as the primary UUT for the phase I MIRSP pathfinder system.  The optical systems described in section two have been engineered to provide sufficient optical quality (less than 3% distortion across the FOV) for projection into this UUT.  The optical designs also insure that any aliasing effects produced by the sampled DIRSP imagery do not influence the UUT imagery.  The MIRSP system cut-off frequencies were designed to be greater than the UUT’s effective cut-off frequency insuring the UUT views all spatial frequencies as it would in the real world.

The Comanche EOSS will combine the Night Vision Pilotage System (NVPS) and the Electro-Optical Target Acquisition and Designation System (EOTADS).  The EOTADS system will support a targeting FLIR with a narrow FOV of 1.5 x 2 degrees and a wide FOV of 6 x 8 degrees.  A third FOV is included as the Back-up Pilotage System with a 30 x 40 degree FOV.  The NVPS will provide a 30 x 52 degree FOV.  The new FLIR sensors are being designed to increase the range for detection and classification by as much as 50% over current Aviation FLIR systems.7  In traditional laboratory testing the increased range capability often corresponds directly to lower MRTD and NETD values.  Higher resolution sensors with less scan jitter can also contribute to longer detection range capability.  The MIRSP system has been designed to provide sufficient resolution capability for the Comanche’s NFOV targeting FLIR based on known detector array size, scanning characteristics and optical parameters.

3.1 Modes of Operation

After designing the proper optical interfaces, it is prudent to define the operating modes that the UUT will use during testing.  The Comanche system has defined nine separate modes that the EOTADS could operate in.  These modes are5: 

Slave mode – Gimbals steered by external position commands and the LOS is inertially stabilized.

Manual Slew / Track Mode – Gimbals steered by external rate commands.

Auto Track Mode – LOS adjusted by error signals generated in the Automatic Target Tracker (ATT).

 Search Mode – Search patterns performed in accordance with external data.  FLIR will output Scan Imagery.

Internal Boresight Mode – Turret is stowed. 

Degraded Mode – Gimbals are caged forward with FLIR in MFOV except for BPS mode where FLIR remains in WFOV.

BPS Slave Mode – Gimbals steered by external position commands. 

BPS Slew Mode – Gimbals steered by external rate commands. 

BPS Boresight Mode – The EOSS shall use slew commands to calculate the boresight offsets.

By understanding the details of these modes it can be determined which modes can utilize a MIRSP system during tests and evaluations.  Trade Off Analysis (TOA) can be performed to determine the benefits of testing certain modes versus the costs that may be required to implement special features.  Examples of the TOA are provided in section four as ATTC defined the modes that can be evaluated with the MIRSP.

3.2 Test Requirements

The ATTC will be supporting the Comanche program by providing the MIRSP to assist in work performed at the System Integration Lab (SIL) at a Boeing facility in Philadelphia, PA.  The MIRSP will be used to evaluate the EOSS and Mission Equipment Package (MEP) during their integration.  The MIRSP will provide Boeing with a tool that can project validated and consistent IR energy into their FLIR sensors.  The MIRSP system’s flexibility will allow Boeing to evaluate the EOSS features and thereby reduce the risks involved with prematurely installing the system on any aircraft.  Once SIL testing is complete, the ATTC will provide the MIRSP to be used at the West Palm Beach Test facility.  Here, the system will be used to support installed system testing, flight test scenario planning/rehearsal, and sensor flight readiness evaluations.  The evaluation of the Comanche’s Aided Target Detection and Classification (ATD/C) algorithms is of particular interest to the Comanche program and will be a task well suited to the MIRSP capabilities.  

The test engineers will have to keep in mind issues pertaining to their system’s primary mission and what the important scenario features are.  The rotary aircraft test pilots have a need to identify items such as guide wires or electric power lines that are often found on their flight paths when they fly Nap of the Earth (NOE).  Providing realistic imagery, including the features of interest, helps the test pilots / gunners identify the system’s performance capability.

4.  Closing the Loop ISSUES

In section 3, the characteristics of the UUT were defined.  With those in mind it is possible to begin formulating the general methods to be used when closing the loop around a particular UUT, in this case, Comanche.  First, it is necessary to evaluate the UUT operational modes, as defined in the previous section, and define those modes that are feasible to test based on physical and funding constraints.  In the case of the Comanche system, it was determined that MIRSP would not provide stimulation to the FLIR while the system was in the Back-up Pilotage (BPS) mode.  The TOA showed that the BPS mode was a secondary mission for the EOTADS FLIR and that it was not economically feasible at this time to design a separate optics assembly for the independent WFOV aperture.  This decision eliminated the two BPS modes (Slave and Slew).  A third BPS mode (Boresight) was eliminated from testing with the MIRSP since there is not a requirement for an external IR source during Internal Boresight.  Therefore, the goal of the Aviation Technical Test Center (ATTC) is to support the remaining five EOTADS modes with the MIRSP system.

In order to accomplish this goal, a closed-loop control path must be provided around the MIRSP and EOTADS to allow the EOTADS to provide FLIR data as it would during a tactical scenario or field test which exercises these modes.  Since the MIRSP system will remain stationary (i.e., will not move with the gimbaled motion of the EOTADS), the EOTADS gimbals must be simulated during the Slave, Manual Slew/Track, and Auto Track modes.  During these modes, the man-in-the-loop or auto-tracker can rotate the EOTADS assembly in a random fashion, via position, rate, or error commands.  Therefore the closed loop path around the MIRSP and EOTADS must be a closed-loop simulation path where the EOTADS gimbal assemblies and associated torquers or actuators, resolvers, rate sensors, and support electronics are modeled on a real-time simulation processor in the closed-loop path.  This closed loop path was illustrated graphically in Figure 3. Figure 4 presents a simplified block diagram of the various interfaces that will be required to close the loop around the MIRSP and EOTADS systems.

The EOTADS hardware gimbal assemblies will have to be disabled and caged (or locked) into a stationary/fixed pointing position to allow the MIRSP exit aperture to be aligned to the EOTADS entrance aperture.  In the simplest of closed-loop configurations, signal injection interfaces between the EOTADS and simulation processor will have to be provided to:  1) intercept rate, position, and error commands going to the disabled EOTADS gimbals and pass them as inputs to the simulation models, and  2)  provide rate, position, and error information from the simulation models as feedback to the EOTADS controller.  This simple closed-loop configuration is illustrated in Figure 5.  In this simple case, the EOTADS gimbals and entire Line of Sight (LOS) stabilization loop would be disabled in the EOTADS and simulated on the simulation processor.

A more complex closed loop configuration, Figure 5, will be required if the entire LOS stabilization loop cannot be simulated.  This may be the case if the LOS stabilization loop closure is distributed between the EOTADS and processors that reside outside the EOSS (e.g., Mission Equipment Package (MEP), Mission Computer Cluster (MCC), etc.).  In this case, the simulated rate gyro sensor output would have to be fed back to the appropriate processor to close the LOS stabilization loop.  This adds to the complexity of simulating the physical rate gyro output (usually pulses) and sending them back to the EOSS to close the LOS stabilization loop.

MIRSP support for the EOTADS Search Mode will require that the gimbals be allowed to go through the full search motion (i.e., gimbals may not be locked/fixed).  The reason for not locking the gimbals is that the scan mirror for the FLIR is disabled during search mode.  The scan mirror is locked to allow the EOTADS azimuth and elevation gimbals to slew through the FLIR/TV field-of-regard (FOR) in the one-bar or two-bar scan patterns.  If the gimbals were locked and simulated in this mode, with the FLIR scan mirror disabled, the FLIR detectors would be looking at only a small static strip of the MIRSP resistor array.  The temporal response of the resistors is not sufficient to support search mode in this locked gimbal configuration.  Therefore, to support the search mode, the current design will provide a shroud between the MIRSP exit window/lens and the EOTADS FLIR/TV/Laser windows.  The shroud will be configured so as not to obstruct the EOTADS gimbal scanning while allowing the EOTADS to “see” only the ambient temperature shroud when not “looking” at the collimated scene from the MIRSP.  With this concept, the EOTADS will be free to go through an entire search mode; however, the FLIR output will image the bland ambient shroud for all portions of the bar scans except for when it scans across the MIRSP output image.  This format would not be considered a tactical configuration scenario and a complete understanding of the FLIR gain control and the Aided Target Detection/Classification (ATD/C) algorithms is necessary to insure the data collected can be interpreted for useful information.  

4.1 Scene Generation & NUC

The MIRSP system is being designed with some level of flexibility in the area of scene generation capabilities.  In its basic form the MIRSP simply produces radiant energy.  The input, or scene, to the MIRSP can take on many forms like simple bar targets, static scenes, collected raw digital video, and synthetic imagery representing a variety of scenarios both dynamic and static.  The key issue is to determine the test need for radiometrically calibrated imagery.   If the test is to simply provide a stimulus to obtain a broad response, then video from a VCR stream will often suffice.  However, if the MIRSP has to provide a realistic and radiometrically correct stimulus to the UUT, then a few issues have to be confronted by the testers.  For instance, any raw collected imagery has to be properly calibrated to insure the digital counts of the imagery accurately represent the proper temperatures.  Camera gain and offsets vary over time and from UUT to UUT; therefore, proper radiometric data collection and calibration is necessary.  For most generated synthetic imagery, the models and databases used have been properly calibrated radiometrically for a given instance in time.  The scene generator image resolution must also be equivalent or re-sampled to fit the projection array system.  With radiometrically correct imagery as input the next issue is to insure the projection system is capable of producing a uniform image.  The process of Non-Uniformity Correction (NUC) basically gathers enough data about each pixel in the array so as to characterize a pixel’s output radiant energy for all input values.  This per resistor input/output relationship produced from the NUC procedure is then applied to every image or sequence before it is output to the resistor array.  This will insure that resistor array non-uniformity does not affect the expected radiant energy from exiting the MIRSP system.1 

4.2 Hardware Control

In Figure 3 the primary pieces of equipment are shown that are incorporated into the MIRSP.  The mode of operation will define which pieces are active and how they will be controlled.  The SGI OnyxII system is being used as the primary controlling system as well as the image generator (synthetic and pre-recorded).  A GUI is being designed to provide the user access to the hardware information as well as the image generation code.  In calibration mode the SGI will be required to control the data acquisition tasks.  This will involve properly incrementing the translation tables that will move the FLIR/Radiometer and capturing images of the sparse pixel arrays used in the NUC process.  The SGI will have to acquire imagery through the use of the digital interface box and PCI Framegrabber.  Analysis on the captured imagery will be performed and then a table will be created for use with the Real-time NUC board that will process or NUC the imagery on-the-fly.  

The SGI will also monitor the chiller system to insure that an appropriate temperature is being maintained.  Built-In-Tests are being applied to the MIRSP to insure that the hardware is in a proper state of readiness and that all functions are available for testing.  The control electronics are used to apply the correct voltages to the array pixels to produce the imagery.  The SGI will provide the control electronic system imagery through the SGI proprietary DVP output port.

4.3 Alignments / Optical Parameters

The MIRSP systems are being built to perform as test devices for the Army to use across its aviation, missile, and ground-based vehicle platforms.  The mobility of the system will determine where the different platforms can be tested and how well the installed sensor can be interfaced to the optical train of the MIRSP.  For aviation systems this can be as easy as rolling a cart up to the FLIR sensor mounted on a helicopter’s nose or as difficult as hoisting the MIRSP onto a platform built around a helicopter’s mast-mounted FLIR system above it’s blades.  Assuming this alignment criteria is feasible and attainable, the user must keep in mind that the optical system for this phase I pathfinder MIRSP is being optimized for the NFOV of the Comanche Electro-Optical Sensor System (EOSS/EOTADS).  To insure optimal results when testing other platforms it is necessary to obtain detailed information about the optical system of the platform’s UUT.  This information can be used to determine if the current pathfinder MIRSP optics will allow the correct radiant energy to be projected such that the UUT performs as it would in the real world.  In other words, are the projection optics vignetting and therefore reducing the projected energy to the UUT?  Will there be aliasing effects in the UUT’s imagery because the MIRSP is undersampling the projected scene?  Is the UUT capable of viewing the same spectral waveband that the projection system is producing?  There are often a number of differences in the design of UUT optical systems; the following is a fairly comprehensive list of the optical parameters needed to evaluate and design a proper optical interface to the UUT systems.

Because there are a variety of different functional forms for FLIR systems (e.g. Scanning, Staring), it is also very helpful to have a detailed description of the FLIR mechanics.

4.4 Facilities Management 

Installed systems testing, the intended domain of the MIRSP, has to contend with many of the same obstacles involved in  normal laboratory testing of subsystems along with a variety of new obstacles.  With the MIRSP there is a desire to provide a system that is generic enough that it will test all systems, in all places, under every environmental condition.  Obviously, this desire has to be tempered with a small amount of reality.  Because the phase I pathfinder MIRSP is a prototype system that will be used to define many of the operation requirements for the phase II system, an educated guess was used to bound the conditions under which the Phase I system will operate.  From lessons learned during off-site demonstrations, a set of guidelines for MIRSP deployment is being developed.  This list will continue to be amended throughout the life of the Phase I system.  One example included in the MIRSP deployment guideline is to obtain a footprint / schematic of the area where the system will be stationed.  If the system will not physically fit in a space allocated, then testing will not be possible.  Another example is to determine what forms of electrical power and utilities are available to connect the MIRSP system.  If 220V power is required but not available, then another location may be necessary or perhaps extension cables will have to be manufactured.  In either situation time is expended if the situation is not identified prior to MIRSP deployment.  Finally, assume the MIRSP is located at a site and the proper power is available, but somehow a power cable was misplaced or forgotten at the home site.  The logistics for the system should define that at least one person knowledgeable with the system remain at the home site to provide support for broken or misplaced items.  This will save on unexpected downtime and provide some piece of mind during those emergency situations.

4.5 Applicable Tests 

Once the MIRSP system has undergone the extensive calibration process through Non-Uniformity Correction and blackbody analysis, as well as the VV&A investigations, testing can begin.  But the question is often asked, what kind of tests can I use this type of system for?  It is expected that standard FLIR evaluation can still be accomplished with the MIRSP system through tests like MRTD and Angular Resolution.  At this time validated resistor array scene projection measurements of MRTD or Angular Resolution have not been gathered. However, it is anticipated that the MIRSP should be capable of performing these tests once the MIRSP is characterized and the projected radiant energy is verified to be equivalent to a blackbody source from the UUT’s standpoint.  The MIRSP system provides a level of flexibility to the tester that is difficult or time consuming to perform with a traditional blackbody source.  In particular, the projected scene will fill a significant portion of the UUT FOV allowing the test engineer to program targets to appear and move to anywhere in the scene.  The traditional method would require the blackbody to be moved through a system of rails or linear stages.  With traditional blackbodies, the targets are a fixed set that are often difficult or time consuming to change / replace, as well as expensive to obtain.  With the MIRSP system, the target size, shape and position can be reconfigured with minimal effort and no additional cost.  These classic tests are performed in the laboratory to gather data that will be used in an assortment of models to determine the most important aspect of a FLIR sensor; how well does it allow a trained observer to identify, recognize and classify targets at predetermined ranges under a variety of environmental conditions?  Until now this characteristic of a FLIR was determined after a battery of laboratory tests and analysis or through expensive field tests.  The IR Scene Projection technology is combining the fidelity of field test capability with the overall economy of laboratory testing.  The MIRSP system’s forte will be to project realistic imagery of a target at a predetermined range under controlled environmental conditions.  This configuration can be defined by the minimum specification requirements that address Identification, Recognition and Classification.  The projected scene could also provide data to a project manager as to a hypothetical situation that could arise in a battlefield scenario.  The flexibility and repeatability of this test asset will provide the Army test centers with valuable data when decisions on system design, development and procurement are to be made.

5. Conclusions

The MIRSP system is another milestone in IR scene projection technology.  By relying on the knowledge, expertise, and technology that has gone into making the FIRSP and DIRSP projects successful, the MIRSP system will become a useful test asset for evaluating EO-FLIR sensors at each test center under TECOM.  The MIRSP will help to reduce risk, cost and schedule for many Army funded programs by:

· Supporting end-to-end testing of IR systems throughout the development, integration, testing and training phases.

· Evaluating the sensor throughout its entire performance envelope.

· Optimizing the use of field exercises and flight tests through planning, sensor flight readiness evaluations and exercise rehearsal.

· Allowing consistent and repeatable presentation of selected scenarios with the flexibility to evaluate hypothetical situations.
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Modulation Transfer Function (MTF)
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