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ABSTRACT

Testing advanced weapons systems, like the Comanche helicopter, has always presented technical challenges to the Test and Evaluation (T&E) community.  Because these weapon systems are on the cutting edge of technology, it is the tester’s responsibility to develop the tools and techniques to fully exercise a new weapon system’s capability.  As with most testing, state-of-the-art tools which provide test stimuli that matches or exceeds the fidelity of the systems under test must be developed.  One such tool under development to test FLIR sensors is the Mobile Infrared Scene Projector (MIRSP).  This paper will investigate current plans to support the T&E of the Comanche FLIR sensor during SIL testing.  Planning the T&E usage of the MIRSP has involved identifying limitations, both in hardware and software, and determining how to minimize the effects of these limitations or proposing solutions to correct these limitations.  The final result of this effort is to maximize the operational effectiveness of the MIRSP in order to benefit T&E of all FLIR sensors in the future.
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1.   Introduction

The US Army Test and Evaluation Command (TECOM) initiated the MIRSP project in August 1997.  TECOM, now known as the Developmental Test Command (DTC) and a part of the Army Test and Evaluation Command (ATEC), established an Integrated Product Team (IPT) to develop a mobile IR projection system that would meet the test requirements of all the DTC test centers.  These include the Aviation Technical Test Center (ATTC), Redstone Technical Test Center (RTTC), Yuma Proving Ground (YPG), and the Aberdeen Test Center (ATC).  The IPT recommended a two-phase development process.  The first phase, Pathfinder MIRSP, is leveraging experience and technology from the Dynamic IR Scene Projector (DIRSP), another DTC test asset developed and maintained by RTTC.  In addition to serving as a DTC test asset, the Pathfinder MIRSP will also serve as a risk reduction for the second phase, the Objective MIRSP. 1
The Aviation Technical Test Center (ATTC) proposed and obtained funding for a Mobile IRSP based on requirements from the Comanche program office and other supporting aviation program offices.  The Pathfinder MIRSP will support the Comanche Electro-Optical Subsystem (EOSS) to Mission Equipment Package (MEP) integration test efforts during the EOSS/MEP Systems Integration Laboratory (SIL) test phase.  It is anticipated that the MIRSP will be a significant tool in the development of Comanche target acquisition and night vision pilotage systems.  It is also anticipated that the MIRSP will improve the productivity of the scheduled flight test development effort by providing the capability to repeat test scenarios, provide various day/night conditions and artificially inject obscurants. 

In pursuit of meeting the Comanche Program Manager’s (PM) objectives, the ATTC MIRSP team is actively investigating how to maximize the MIRSP’s effectiveness in Comanche FLIR system development and integration testing.  The key to effectiveness is the MIRSP’s ability to provide information that is value added.  In other words, can the information the MIRSP provides be useful in the PM’s decision making process?  Sections two and three will provide an overview of the MIRSP and the Comanche SIL facilities. Then section four covers areas of concern for using MIRSP along with how the MIRSP team is resolving those concerns.  Finally, in section five experiences gained by working with the PM and their prime vendors allow for a discussion of areas where we can measure the effectiveness of MIRSP.

2.   Mobile IR Scene Projector (MIRSP)

The Pathfinder MIRSP is continuing the final stages of development at Redstone Technical Test Center (RTTC). The MIRSP team has managed to perform several demonstrations of the technologies being incorporated into MIRSP.  These demonstrations were helpful during initial design investigations.  Demonstrations have been performed under a variety of conditions from winter in the Northeast to summer in South Alabama.  Information gained from these working level demonstrations provided opportunities for the MIRSP Integrated Product Team (IPT) to review the functional operation of the system under real-world conditions.  The results of these efforts culminated in the completion of the MIRSP Critical Design Review (CDR) in August of 1999.  Development of the Pathfinder system has been continuing on schedule and within budget with an expected Initial Operational Capability (IOC) in August 2000.  Following IOC will be approximately six months of validation efforts that will result in a Final Operational Capability in 2nd Quarter FY01.  Operational support of the Comanche System Integration Lab (SIL) will begin shortly after MIRSP FOC.
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The primary components of the MIRSP system are illustrated in Figure 1.  By definition, the pathfinder MIRSP “…will be a mobile and transportable dynamic infrared scene projector that will project accurate, dynamic, synthetic infrared scenes of various realistic operational scenarios to provide repeatable laboratory and field simulation, test and evaluation of imaging infrared missile seekers, thermal sights, and trackers employing state-of-the-art infrared technology.”2  The objective is to produce test technology that will exercise the army’s advanced IR sensors with input radiation that emulates the mission profiles expected by the user community.  The repeatability of the MIRSP system is key to diagnosing the performance issues related to Target Acquisition Systems.  Advanced algorithms for tracking and target recognition can be tuned for a much larger situational capacity because the input scenario can test not only the sensor electronics, but the entire optical path.  This insures that algorithms are tuned for the tactical configuration as well as the realistic tactical mission profiles.  

In order to perform this testing, several components must operate together to produce the radiometrically correct imagery.  In support of Comanche, the Pathfinder MIRSP has elected to incorporate three fixed-focal length collimators tuned to interface specifically with the Narrow, Medium and Wide FOV optics of Comanche’s Electro-Optical Target Acquisition and Detection System (EOTADS) sensor as well as the Night Vision Pilotage System (NVPS) sensor.  The optics are being manufactured by JANOS Technology, Inc., and are optimized for the 8-12 um optical band.

The radiation produced by the DIRSP Engineering Grade Array (DEGA), a 672x544 pixel emitter, can be updated from a 30 Hz frame rate up to a 60 Hz frame rate.  This imagery can be used to depict representative battlefield scenarios or specific test criteria that must be evaluated by test engineers.  The size of existing arrays is currently limited due to the maturity of resistor-array technology and development costs.  These current arrays will fill only about 45% of the Comanche EOTADS sensor FOV at the required resolutions for testing the system.  In the event of larger array development progress, the Pathfinder MIRSP optics will accommodate an array of 1Kx2K pixels to fill the entire NFOV optical path of the Comanche sensor. 

The MIRSP optics and emitter array will be placed on a mobile platform along with the dewar assembly used to maintain constant background temperature on the array and the analog drive electronics used to produce the voltages that operate the emitter’s individual pixels.  The mobile platform is designed to permit positioning of the equipment near the UUT by a one or two man team.  The platform will provide both coarse and fine manual LOS adjustments in the vertical direction from 31.0 to 73.0 inches above the ground.  This will provide access to most aviation systems with turreted nose-mounted sensors.  For access to other sensors, a forklift interface on the mounting platform is provided to raise the MIRSP to an operational height. 

The mobile platform can be separated from the remaining electronics, located within the transport trailer, by up to 50 feet.  These remaining electronics consist of a chiller system that feeds the dewar assembly, backup power supplies, communication equipment (serial, GPIB, digital electronics, etc) and the 8 processor SGI Onyx II Infinite Reality R12000 computer.  The SGI platform will be the workhorse for developing IR image scenes to be projected by the emitter array.  With a 72GB-disk array, this platform will provide numerous 60Hz 5-minute continuous loop scenarios callable at any time.

Before any imagery is projected to the UUT, the MIRSP will undergo a Non-Uniformity Correction (NUC) procedure.  A calibrated radiometer (NUC Sensor) will be used to measure individual pixel’s radiometric characteristics over a set of input temperatures.  The results will be analyzed and used to create a lookup table.  This lookup table or NUC table will be used by the Computer Image Generator (CIG) to insure the individual pixels act in a uniform manner so that projected imagery does not have artifacts induced by the non-uniformity of the pixels.

The system will be capable of projecting imagery that is synthetically generated in real-time, playback-mode or actual collected data from a sensor of choice.

3.   Comanche System Integration Lab (SIL)

Initial integration of the Comanche NVPS and EOTADS sensors to the Mission Equipment Package (MEP) and MEP Operational Flight Program (OFP) will be performed in the Boeing System Integration Laboratory (SIL).  The SIL facility was developed during the Comanche Core program to develop and test OFP software and functionally test avionics hardware prior to delivery to the flight test facility.  

Integration of basic FLIR functions such as gain and level, FOV control, and mode control, can be accomplished with general test equipment that includes collimators, heat sources, or local outdoor imagery.  Testing of complex software/system functions such as target acquisition/detection and target tracking in an open architecture system, such as the Comanche, prior to aircraft testing requires special test equipment capable of providing dynamic imagery and representative targets.  

It is planned that the MIRSP system will provide the capability of generating dynamic scenarios for software/system evaluations.  These initial evaluations are intended to demonstrate the ability of the ATD/C and tracker software to detect and track targets, prior to beginning of aircraft flight-testing.  Additionally, the MIRSP provides the capability to display potential targets at various ranges, aspects and with induced obscurants under controlled and repeatable conditions not practical to flight testing.

4.   Issues and Proposed Solutions

In preparing for Comanche SIL testing, the MIRSP team is working closely with the Boeing/Comanche team to identify test methods and scenarios where the MIRSP can provide simulated mission imagery in support of the test objectives.  In the process the teams have uncovered areas where the MIRSP will not be able to provide full evaluation capabilities in the near term.  Part of this process is also to address concerns where MIRSP may have an adulterating influence on any data collected during SIL test operations.  As stated in the previous section the primary objective for Comanche SIL is the integration of sensor components with the Mission Equipment Package (MEP) and checkout of its capabilities.  The MIRSP is intended to be a tool to assist in the integration of the Comanche equipment.  Naturally, it is important to insure the MIRSP technologies will not bias any data that is collected.  In other words, the imagery projected by MIRSP must be well defined and understood for the domain of application.  

A high level of confidence in the MIRSP’s capability must be realized to assist in the process of enhancing, fixing, and further developing the Comanche sensors into a mature fielded Army asset.  To achieve this level of confidence a verification, validation, and accreditation (VV&A)3 process will commence during acceptance testing and continue until Comanche SIL testing.  Verification of design will inherently be accomplished by acceptance testing, while validation and accreditation will focus on demonstrating that the MIRSP does not degrade the realism of the input imagery.  A concurrent paper4 elaborates on this VV&A approach. 

Technical aspects of MIRSP performance were addressed up-front to insure Comanche PM that the state-of-the-art technologies were being used in the MIRSP design.  Any deficiencies in performance would be due to a lack of technology, not the implementation of technology’s that are available. The first issue that came to light was FOV coverage by the MIRSP.  The array chosen for use in the Pathfinder system yields the highest resolution available in a single array configuration.  The DIRSP system is utilizing an optical combiner to project 3 arrays simultaneously.  Of course this optical configuration for pathfinder MIRSP would be cost prohibitive and may involve an unacceptable amount of risk due to design issues for a mobile system.  Additionally, this array, 672x544 pixels, does not provide the optimum 4:1 oversampling ratio and can only fill 45% of the Comanche NFOV (See Figure 2A) with a theoretically-acceptable sampling ratio.5 

The MIRSP team is currently pursuing methods of obtaining larger array technology.  In order to fill the entire FOV of Comanche an array size of approximately 1Kx2K pixels is required (See Figure 2B).  The time frame to obtain and implement this array format will likely take place after the conclusion of Comanche SIL testing, but prior to the completion of flight-testing.

A previous paper6 addresses the issue that the MIRSP is unable to support certain modes of operation in the Comanche FLIR. Backup Pilotage Mode will not be supported due to a need for separate interfacing optics, which exceeded costs for this development phase.  Also, all boresight modes were ignored since there was no requirement for external IR sources.  This leaves the following EOTADS modes for possible MIRSP support:


1)  Slave to A/C LOS mode, 


2)  Manual Slew/Track Mode (within the MIRSP FOV), 


3)  Auto Track Mode, Search Mode (within the MIRSP FOV), 


4)  Degraded Mode (Sensor movement fixed forward)

The majority of these modes of operation require turret movement to accomplish auto tracking and auto target recognition tasks. Due to LOS requirements between the MIRSP array and FLIR optics, manual slewing and slaving the sensor to the helmet tracker are not fully supported in a tactical configuration.  However, some level of support for these modes may allow using a shroud to provide a uniform background beyond the MIRSP projected FOV.  

Another potential method exists to evaluate these modes through a closed-loop configuration that simulates turret movements.6  Unfortunately the level of effort required for developing the close-loop configuration for Comanche would exceed the scope of SIL requirements due to time and budgetary concerns. Initial investigations into methods of closing the loop around MIRSP and EOSS/MEP indicate that it may be possible, but the technical risk and effort required may preclude implementation at SIL. This issue also brings to light the primary mission of the MIRSP system.  Historically, closed-loop testing has required a dedicated controlled facility for a specific weapon system/subsystem.  The effort can consume vast amounts of money and time before program offices begin to see the return on their investment.  The other side of the coin has always been to perform field-testing that also consumes vast amounts of money and potentially can limit the number of times a system can be evaluated.  

There is a case to be made that the MIRSP has a mission to fill the gap between the traditional closed-loop test facility and field-testing.  Installed systems testing is the intended path for MIRSP, but it is not always within the PM’s budget or schedule to model and inject all the signals necessary to maintain the feedback loops of a tactical configuration found in most HWIL labs. There is a need to project real-world imagery to test a turreted E-O system’s performance throughout the development cycle into deployment phase.  To realize the full potential of a mobile infrared scene projector, a common method of projecting imagery into a rotating turret independent of a UUT’s unique feedback signal requirements is needed.

The question, then, is if we limit the MIRSP to a projection system that does not “interfere” in any way with the UUT, can we fully test the hardware’s operation/performance?  Notional ideas of rate table configurations and projection screens are being investigated, but, in general, novel ideas are being solicited.  The idea of a MIRSP system small enough to be carried by an aviation turret is also a consideration.  Of course, the optics required to interface with the sensor, thereby testing the entire optical path, may preclude this as an option since most turrets are not designed to carry any excess weight.

A projection screen that imagery can be projected upon may be the least expensive design.  Of course, the Field of Regard (FOR) may need to have limits set, but the MIRSP could still be used to evaluate some level of system performance.  This becomes especially important to test engineers when turret movement is necessary for certain algorithms to operate, as in the present Comanche design.  Currently, the majority of Comanche operations could be accommodated under a restricted FOR test scenario.  With this in mind, it may be feasible to use rate sensors or optical retro-reflectors placed on the turret to track LOS changes and then convert them to input for the scene generator.  This information could then be used to change the physical position on a projection screen (with regard to the sensor FOR) and change the apparent scene content used to stimulate the sensor.  This design could operate on a much wider range of sensor platforms with little or no hardware interface knowledge.  Naturally, the primary issues then become alignment and synchronizing of the projection system to the turret as it slews. 

The underlying product of the MIRSP is the input radiation required to cause a UUT to operate in a manner consistent with how it would operate during battlefield conditions.  If the MIRSP hardware is considered state-of-the-art, then the scene generation process must strive to produce image content with the highest fidelity possible to accomplish this task.  A byproduct of the MIRSP is an ability to compare collected imagery from the UUT with the original digital input imagery.  Because the imagery is much more dynamic and real world than a bar target, there is a need for new metrics that can quantify a sensor’s ability to perform certain applications.  Ongoing investigations to develop Image Quality Metrics (IQM) and Operational Performance Metrics (OPM) to quantify a sensor’s ability to perform specific tasks are promising.7  These metrics must account for system performance not only of the man-in-the-loop (e.g. target identification) but also of the interactions with machine algorithms (e.g. automatic target tracking).  Confidence in these metrics must be built to further enhance the capabilities of the MIRSP for test engineers and their customers. 

5.   Measures of Effectiveness

The final test of MIRSP worthiness comes down to what it offers the customer.  The benefits may come in a variety of forms.  As we’ve indicated above many areas of MIRSP still need concerted efforts to lead to a test asset that meets all the needs of the program offices.  However, standing on the threshold of true acceptance and infusion of a revolutionary piece of test equipment, requires a bit of forethought about how we determine the effectiveness of this system.  Leaps in technology are around the corner that will permit many of the ideas for using the system to come to fruition, but at this stage we have to maximize the utility of our system for our customer’s benefit now.  Perhaps some of the ideas that arise out of the initial uses of MIRSP will result in test procedures that will carry on for several years.  The burden, initially, is to prove that results obtained with a given set of procedures will be value added for a customer now and in the future.

To date, the scene projection community has been involved in laboratory testing of FLIR sensor hardware.  The MIRSP, while capable of supporting laboratory testing, adds a new dimension of how, when and where FLIR hardware can be tested.  One of the first customer funded applications of MIRSP use will be in a controlled laboratory environment at the Comanche SIL.  Where the MIRSP will truly add value to customer’s tests is when the MIRSP provides a controlled environment to tests performed on a flight line.  One of the key advantages the MIRSP offers over all other optical testing is the repeatable, high resolution, dynamic, real-world scenes that can be used to evaluate UUT performance in a tactical configuration. 

Experience has shown that PMs are interested in utilizing test technology, like MIRSP, only if there is a benefit and little or no risk is involved and costs are manageable. The Comanche PMO does see advantages of utilizing a MIRSP technology to augment the costly flight test hours.  Testing the UUT with scenarios that cover a larger range of mission scenarios than can be reasonably flown, in effect helps confirm the flight data and fill in gaps in the data where field data isn’t available.  To mitigate risk of using MIRSP during flight testing, Comanche requested initial support during SIL.  

The MIRSP team began the SIL support effort by discussing the mission of the Comanche SIL with the Boeing personnel.  Determining Boeing’s goals for SIL allowed the MIRSP team to “tailor” or scale the test activities that had to be defined.    From the beginning, Boeing’s primary goal for SIL was to integrate the FLIR sensor hardware with the MEP hardware.  Anything above this, such as characterization of the system performance, is “icing on the cake.”  Naturally, any effort to characterize performance that interferes with Boeing attaining full integration of the system is detrimental to the primary goal.  Therefore, Boeing’s guidance to the MIRSP team has been to keep things simple.  Too many variables can undermine the confidence building that has to take place for IRSP technology to be accepted.  If some data gathered at SIL while using the MIRSP were to appear incorrect for any reason, the burden of proof, initially, will lie on the test equipment used.  So, complicating the diagnostic process with “bells and whistles” is not desired.  Finally, records that detail the configuration of MIRSP hardware and software must accompany the records of the image scenario formats used during test operations.  Table 1 below summarizes areas that must be considered for support at the SIL facility.

One area where MIRSP will provide utility is in early demonstration of capability.  Table 2 below provides a list of potential areas where MIRSP can assist in the demonstration of a UUT’s capability.  The MIRSP team obtained a draft copy of the Comanche System Evaluation Plan (SEP) that lists test/performance requirements that the Comanche system must pass in order to qualify for their Milestone III decision.  By simulating flight test scenarios that the Comanche will have to perform against, we can assist the Boeing test personnel in identifying areas of concern or excellence prior to installed system events.  Because the MIRSP is expected to support the Comanche program during flight testing, this use of a standard set of data permits the development of baseline data.  Testing the system under controlled conditions at the SIL, using the same scenarios that will be used during installed systems testing in a hangar environment, will provide useful developmental data.  If the scenarios are developed with an eye on the future, it may be possible to utilize the scenarios for mission rehearsal or training preceding any actual test flight of the aircraft. 

This brings up the main point about defining how the MIRSP will provide the most benefit to the program offices when testing their FLIR sensors.  It can be used as a diagnostic tool, tuning scenarios to specific requirements in order to evaluate finer details of the system’s performance throughout its developmental period.  Then, if proper record keeping is performed, data can be used in baseline analysis of the system’s improvement throughout its entire lifecycle.  The catch is to insure MIRSP is used in the beginning of development or even during the procurement (choosing best design) cycle in order to maximize the operational effectiveness. 

The premise here is to envision the MIRSP being used as a standard measure of a system’s performance in a similar manner as 4-bar target/collimator is used today as a standard method of characterizing a UUT.  Provided the collimator is optically optimized and matched to the SUT, the resulting data collected can be used as an indicator of system degradation or improvement.  The design of a collimator is standard and well understood, insuring that results between laboratories and over extended periods of time, can be shared, compared and used in diagnosing system developmental issues.  This assumes the test engineers have done an adequate job of documenting procedures, collimator characteristics, and environmental conditions to insure repeatable conditions are possible or at least traceable.  The MIRSP team will be responsible for providing this data (detailed configuration records, version control, scenario archival, scenario details) to the Comanche program office.  This will insure that as technology in IRSP advances the data that is obtained during SIL and any future developmental procedures are traceable and can be replicated at a later point in the Comanche lifecycle.

6.   Conclusions

The Pathfinder MIRSP will be deployed to support the Comanche EOSS integration effort in the spring of 2001.  The evolution of the IRSP technology in developmental and operational testing will benefit from the experiences of the MIRSP development and use in the Boeing SIL.  Already, many issues are being brought to light that will enhance the MIRSP’s operational effectiveness in the next generation of MIRSP-like systems.  Identifying test procedures and scenarios are the goal for supporting the Comanche program.  By more fully exercising the sensor’s capabilities in a near-laboratory environment, the developmental testers can more readily evaluate, correct and enhance a sensor’s performance.  The expertise offered by the MIRSP engineers in developing and tailoring scenarios that provide the developers an accessible means of verifying sensor performance is critical.  Keeping initial operations simple will also be critical to building the confidence in MIRSP that is required to eventually maximize the potential of its operational effectiveness in developmental and operational testing.
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Table 1.  Summary support considerations





Assist in demonstrating UUT’s ability to:


1)  capture / process / display dynamic tactical FLIR imagery.


2)  evaluate real-world scene / situation and perform appropriate AGC operations that require no pilot interventions.


3)  defend against or counter the effects of smokes / obscurants / camouflage.


4)  classify / detect / recognize target information in dynamic real-world background / clutter.


5)  execute tracking operations of multiple targets with scenarios that emulate real-world tactical situations.


6)  perform passive ranging operations.


7)  achieve a cursory level performance against standard E-O tests (e.g. MRT/NEDT/3D Noise).








Figure 1.  MIRSP


The MIRSP consists of a movable mounting platform for scene projection electronics and optics.  A transportable unit houses digital scene generation computer system and supporting electronics.  The mobility and flexibility allow for stimulating installed IR systems in the field or anywhere else.





Figure 2.  FOV Coverage


(A) Current FOV projection using the Pathfinder MIRSP array (672x544).


(B) Expected FOV overfill projection using 1024x2048 array.





Table 2.  MIRSP capability to assist in demonstrating UUT capabilities





1) Identify technical issues / limitations


2) Define mission goals for providing test support


3) Scope out test activities / capabilities


4) Keep it simple


5) Developmental diagnostics


6) Baseline record-keeping








Figure 3. Notional turret projection design
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