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I.
Funding Opportunity Description
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II. Award Information

The anticipated type of awards is to be project grants, cooperative agreements or contracts. Each project will be funded at approximately $100 K per year for a maximum of three years.
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1.
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Solicitation Title:  Test and Evaluation Research Program. 
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Content and Form of Application Submission: Prepare three 12-month budgets (the second being an optional final year) beginning 01 March 2005, the anticipated start date of successful applications. Proposals of more than 25 total pages, including cover page and budget, are discouraged.
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AFOSR/NM
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Attn:  Test and Evaluation Research Program
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4.
Intergovernmental Review: None


5.
Funding Restrictions: None


6.
Other Submission Requirements. Only hard copy submissions will be accepted.

V.
Application Review Information


1. Criteria: Proposals under this Broad Agency Announcement (BAA) will be evaluated through a peer or scientific review process, and selected for award on a competitive basis according to Public Law 98-369, Competition in Contracting Act of 1984, 10 U S C 2361, and 10 U S C 2374. All other proposals will be evaluated under the following two primary criteria, of equal importance, as follows:

1. The scientific and technical merits of the proposed research.

2. The potential contributions of the proposed research to the mission of the Air Force.

Other evaluation criteria used in the technical reviews, which are of lesser importance than the primary criteria and of equal importance to each other, are as follows:

1. The likelihood of the proposed effort to develop new research capabilities and broaden the research base in support of national defense.

2. The proposer's principal investigator's, team leader's, or key personnel's qualifications, capabilities, related experience, facilities, or techniques or a combination of these factors that is integral to achieving Air Force objectives.
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2.
Administrative Requirements: AFOSR’s terms and conditions for grants are available at the AFOSR web page: www.afosr.af.mil. Directly under the AFOSR logo on the home page is “Doing Business with AFOSR”.
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  1.  Investigation of Total Temperature Distortion Generators
The success of high-performance combat aircraft depends on the ability to maneuver with large and rapid variations in angle of attack, angle of sideslip, and Mach number as well as the ability to launch munitions in flight. In some cases, success also depends on the ability to execute shipboard launches and conduct V/STOL maneuvers in ground effect. These aircraft rely extensively on the performance of their propulsion systems to deliver the thrust demanded by such operations. Unfortunately, such operations also subject the engine to adverse inflow conditions that degrade performance or even lead to surge or flameout. Such adverse flow conditions may include spatial and temporal distortion in total temperature, total pressure, Mach number, and flow angle. As a result, the integration of the airframe and propulsion system to ensure compatibility is a key element of the vehicle development.

To acquire the information needed to address the integration issue, the designer generally applies a combination of wind tunnel tests and turbine engine direct-connect tests prior to the flight test phase. Wind tunnel tests of the external airframe, cowl, and diffuser duct characterize the distorted flow likely to be delivered to the engine in flight. The direct-connect test then subsequently characterizes the engine response to the distorted flow in terms of operability, performance, and aeromechanics. Direct-connect tests for airframe-propulsion evaluations generally use distortion generators to simulate the flow non-uniformities produced by the airframe. The distortion generator provides the link between the airframe test, which lacks the engine, and the engine test, which lacks the airframe. 

Direct-connect turbine engine tests routinely use distortion screens to simulate inlet total pressure distortion. This stems from a history of successful aircraft developments that used total pressure alone to characterize flow distortion. Although experimental devices were developed to induce turbulence, swirl, and total temperature distortion, such devices were only used in special cases. The advent of advanced manned and unmanned combat aircraft featuring stealth, supercruise, and supermaneuver capabilities as well as the high-cycle fatigue (HCF) issue raised the possibility that total pressure, by itself, may prove insufficient for characterizing distortion. 

The purpose of this research is to develop and demonstrate, using prototype hardware, a methodology for simulating the spatial and temporal total temperature distortion that the engine may experience during flight hot-gas ingestion events.  Such events may result from air-launched missile exhaust ingestion, hot catapult steam ingestion, and hot engine exhaust gas re-ingestion during V/STOL ground effect operations. Spatial total temperature distortion may include multiple-per-rev circumferential patterns, radial distortion patterns, or a complex combination of the two.  More detailed descriptions of spatial total temperature pattern requirements may be found in Refs.1and 2.  Furthermore, time-variant total temperature distortion may involve temperature ramps with a magnitude of over 300 deg R and ramp rates approaching 10,000 deg R/sec.  The references may be consulted for additional information regarding time-variant total temperature distortion.  

The total temperature generator technology must focus on applications in direct-connect turbine engine test facilities.  Reference 1 includes an overview of the direct-connect test method.  The total temperature distortion generator device will mount upstream of the engine and will modify the flow delivered to the engine face.  Although screens used as total pressure distortion generators generally are positioned approximately one duct diameter upstream of the engine face, the total temperature distortion generator development may consider alternate locations in the air supply duct or in the facility plenum (see Ref. 1 for facility schematic).  The operating environment will include total pressures less than 130 psia (less than 70 psia in most cases) and total temperatures less than 1000 deg F (for example, initial total temperatures less than 700 deg F followed by a 300 deg F temperature ramps).  The Mach number will range from a maximum of approximately 0.1 in the facility plenum chamber to a maximum of 0.6 in the air supply duct.  The development must yield a technology that can ultimately be applied in operational test facilities.  The product of this work will be a methodology, demonstrated in a prototype device, that will be used to help establish specifications for the design of full-scale operational distortion generators.  The full-scale design, which will start at the completion of this work, will address two primary safety issues:  (1) the handling of any fuels that may be used to heat the flow (mitigate toxicity/volatility/fire/explosion hazards) and (2) the risk of inducing foreign object damage (FOD) to the engine (mitigate the potential to introduce failed components into the flow).  This development project must consider these safety issues during the process of selecting fuels and mechanical components to ensure that the technology will, in fact, be applicable in full-scale facilities.  Furthermore, the methodology must be commensurate with a requirement for operational devices capable of supporting 16-hour test periods without interruptions for servicing.  Over the 16-hour test period, the temperature distortion system would have to be capable of operating 2 – 4 hours.    

The operational total temperature distortion generator will be required to provide continuous (2 – 5 minutes on condition) spatial temperature patterns or short duration temperature ramps.  At the maximum ramp rate cited above, the duration of the ramp will be 0.03 seconds.  Although the distortion generator will operate in the air flow delivered to the engine by the facility, it may introduce additional flow in the form of heated air, hot combustion products, or heated gases that simulate specific combustion product gas properties.  The goal is to introduce total temperature distortion without inducing significant total pressure distortion.  The total temperature distortion generator may be used in conjunction with screens or other total pressure distortion generators for the purpose of establishing either uniform total pressure distributions or specific total pressure distortion patterns.  

The final goal of the total temperature distortion generator development is to furnish a validated methodology that may be used to establish specifications for temperature distortion generators sized for specific test facilities.  Therefore, although computational and analytical methods may be applied in the investigation, prototype devices must be validated in tests.  The methodology must include criteria for scaling the device to different test facilities.  

1.
Beale, D. K., Cramer, K. B., and King, P. S.  “Development of Improved Methods for Simulating Aircraft Inlet Distortion in Turbine Engine Tests.”  AIAA 2002-3045, 22nd AIAA Aerodynamic Measurement Technology and Ground Testing Conference, St. Louis, Missouri, June 24-26, 2002.

2.
Society of Automotive Engineers, Inc.  “A Current Assessment of the Inlet/EngineTemperature Distortion Problem.”  Aerospace Resource Document ARD 50015, 1991.
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2.  Low Temperature Material Outgassing and UV Effects Study

This effort will investigate the effects and measurement of satellite and ground test facility materials that are to be used near satellite optical systems or in cryogenic-vacuum facilities such as the AEDC 7V sensor test facility and other Air Force supported facilities.  Presently, there exist a few facilities in the US that can provide material outgassing data for surfaces that are cooled beyond LN2 cooled temperatures (77K).  These measurements are based on the ASTM Standard E 1559-test method.  However, much of the cryo-vacuum work at AEDC and many of the defense related infrared sensor systems operate at temperatures much colder (4K – 30K).  Therefore, gases can condense on these surfaces which will not be measured at the 77K temperature commonly used in the E 1559 test method.  The objective of this proposal will be to use a facility that operates in the 4K-30K temperature range and provides material outgassing data at much lower temperatures than have been previously available.  The gases that condense at these lower temperatures (but not at 77K) include N2, O2, CH4, CO, NO and others.  Condensed films of N2 and O2 are not of concern with regard to infrared absorption but are of concern due to their radiation scattering properties.  The other gases (CH4, CO, and NO) provide infrared concerns in addition to scattering.  The approach will use a commercially available cryopump that can provide continuous temperatures as low as 10K.  An effusion cell and quartz crystal microbalances can detect the material outgassing products.  It is planned that initially, QCMs will be operated at 10K, 20K, 77K, and 160K so that different gases condensable at various temperatures can be established.  This will allow comparisons with the data obtained using the conventional E 1559 temperature with the much colder temperatures that are being obtained in the new facility.  One effect commonly encountered in space is that of UV radiation enhancing the deposition of contaminants on critical surfaces.  In the process, it also "solarizes" the contaminant so that it becomes hardened and very difficult or impossible to remove.  As a part of this study, the effects of UV on material outgassing and the deposition process will be studied using the QCMs for various material sources in ground test facilities and space satellite optical systems.
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3.  Increased Accuracy of Measured Forces and Moments
More accurate measurement of forces and moments in a wind tunnel test (especially drag) is needed to support the development of future high performance aircraft.  In any wind tunnel test, dynamic attitude of the test article always exists to a varying degree, depending on test conditions and test article mean attitude.  The dynamic attitude change comes from motion of the test article support system (support strut, sting, balance).  The dynamic attitude leads to both non-steady aerodynamic forces and inertial forces being applied to the balance and thus one obtains an output that contains both the static mean component, a dynamic aerodynamic component, and a dynamic inertial component.  The computed test results are then in error because of the inertial component that has a non-zero mean and also because non-linear aerodynamic components, when averaged, are biased differently from any bias in the test article attitude measurement.  Thus, the inferred aerodynamic characteristics are in error from both sources mentioned.  The dominant error is to cruise drag.  However, as the buffet boundary is approached and the dynamic content increases dramatically, all components are affected significantly.  

Each of the phenomena that are taking place can be characterized by rather simple modal representations and dynamic body axis aerodynamic coefficient derivatives.  However, separation of each of the components is a non-trivial matter.  In principle, if one can accurately sense the test article motion, the inertial components can be calculated and subtracted as a tare force and moment.  Additional instrumentation such as a pair of tri-axial accelerometers can be added to the test article and used to make a direct measurement of the test article's translational and rotational motion.  Then, some form of parameter identification ought to be sufficient to characterize the influence of dynamic derivatives and correct the test results accordingly back to a true aerodynamic mean without motion effects present.  

Although the Dutch at NLR once used an accelerometer system installed in the test article to determine drag bias due to pitch plane motion and NASA Langley has done similar work with accelerometers and pitch rate sensors to determine bias in angle of attack and drag due to test article motion at constant mean attitude, none have determined the residual bias in the aerodynamic coefficients due to dynamic aerodynamic characteristics.  Further, it is undesirable to add additional instrumentation to the test article because of the increased complexity that adds to the cost of test set-up, increases the risk of down-time due to instrumentation failure, and poses a threat to accurate measurement of forces (principally, drag) because of interference from the instrumentation leads that must cross the metric boundary of the balance.  These problems can be avoided if the balance can also be used in some way to determine from the character of the dynamic content of the output from all gauges the inertial and dynamic aerodynamic components.  Other than a study at AEDC (reference provided), no one has utilized the dynamic information from the balance to obtain a measure of inertial bias.  No one has ever done anything to determine and account for the dynamic effects that take place during continuous pitch testing.  Although there is a plethora of tools to draw from (FFT, Adaptive Digital filtering, Linear Modal Analysis, Numerical Integration, Neural Nets, Fuzzy Logic, Wavelet Analysis, Hilbert Transform, Genetic Algorithm, Parameter Identification), the process to make this work has not been defined and the algorithm(s) necessary have not been developed.  One might argue that because the fundamental tools identified are in use elsewhere this is nothing more than applied research.  However, to develop the algorithms, it is necessary to conduct basic research into both the workings of the tools to be applied to the problem and in finding a means to accurately extract from the information available what is desired.  The most difficult problem results when this is applied to continuous pitch testing since the dynamic content is changing continuously and traditional statistical methods based on an assumption of ergodicity do not apply.  Perhaps a Hilbert decomposition will lend itself to solving this problem -- we don't know, but it might.  Basic research using this tool is required to establish whether or not this would work.   

In summary, an opportunity exists to significantly improve the accuracy of wind tunnel test results by conducting basic research necessary to develop an algorithm(s) that would result in the ability to utilize both the 6-Degree of Freedom static and dynamic content of the test results as they are being generated to arrive at a true measure of the aerodynamic forces and moments.  Needed is a sufficiently accurate measure of the motion of the test article mass center and resulting inertial forcing function and response that leads to bias error in measured aerodynamic forces and moments (especially, drag).  
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4. Statistical Methods for Turbine Blade Dynamics

The vibration induced failure of blades represents a major concern for the designers of jet engines and gas turbines. The critical nature of the problem becomes evident when one considers the number of blades in an engine or turbine stage, which easily reaches the hundreds. The analysis of vibrating systems composed of such a high number of elements, each with slightly different dynamic characteristics, continues to challenge researchers engaged in assessing vibration levels and related failures. The random variation in natural frequencies among blades on the same disk typically causes the response of some blades to be significantly larger than that of others. This phenomenon is primarily associated with the manufacturing tolerances for the blades which introduce slight variations in their dynamic behavior. Furthermore, additional variations arise as blades are subjected to testing and/or use [1]. These physical phenomena may also exacerbate over time the discrepancies between the individual blades by causing small changes in the aerodynamic properties of the blade profiles.

Assessment of High Cycle Fatigue (HCF) durability for turbine bladed disks is ongoing. Improvement to predictions tools [2-4] continues to be necessary for more accurate characterization of vibratory stresses. Significant progress is being made through the GUIde program and other contributors to the HCF science and technology effort. However, complimentary efforts are still needed to provide additional validation data of newly developed models using statistically characterized measurements with a clear definition of probabilistic confidence intervals.  These well defined test data will then be used to examine behaviors in the new analytical models when applied as tools to evaluate blade stress field prediction with inputs from strain gage and NSMS test data. 

Objective: Characterize uncertainty in stress prediction based on measured strains and displacements recorded during engine testing. Other researchers in the GUIde program are addressing the modeling issues quite successfully with regard to the initial design in an engine program [5-8]. This includes a variety of reduced order modeling techniques that can be used to accomplish the probabilistic studies necessary to identify mistuning sensitivity parameters with respect to frequency and mode shape changes.

However, the need at AEDC is to use modeling tools to quickly inform the customer test engineers of accurate stress responses during and immediately after full scale engine testing. It does not appear that any of the GUIde funded research is addressing this issue at this time. More confidence can be placed in stress predictions based on strain gage or NSMS data if the probabilities associated with the predictions can be quantified along with statistical variations of the most significant influence parameters and how their variations affect the predictions.

Uncertainty would have to be addressed in both the experimental test data and the prediction model used to compute stresses based on the data. The latter is most likely addressed in part by current tool development efforts in the GUIde consortium but not much emphasis is currently being placed on details of blade stress prediction. The need therefore is to bring test data based probabilistic stress prediction into the realm of these new modeling tools to enable the identification of the uncertainty on the stress predictions in near real time, so that a meaningful probability can be associated with stress predictions at various locations of a component. Experimental uncertainty should be addressed so that accurate probability distributions can be predicted for identified significant influence parameters (placement error, instrument error, noise, etc.) that have potential for introducing substantial error into strain gage and NSMS blade measurements. Then their contribution to the uncertainty in test data based model stress predictions can be evaluated.
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5. Optical Tracking Without Targets Using Digital Cameras

The rapidly advancing field of digital imaging holds tremendous potential for increasing the scope and utility of optical test techniques in aerodynamic test facilities, including PSP, TSP, LIF, DGV, PIV, pyrometry, skin friction measurement, and the measurement of position, attitude, motion, and deformation of test articles. Photogrammetry is a well-established technique to facilitate image registration for such applications, based on the use of predefined registration targets or (for similar views by multiple cameras) cross-correlation of natural image features. In addition, image registration techniques of this kind are desirable for the automated processing of flight data, such as store drops from a parent aircraft. 

Existing techniques and existing commercial software packages become difficult to implement when no predefined targets are available, when model deformation occurs, when only a single camera is used, or when views from multiple cameras become too dissimilar (e.g., when a test article is viewed from orthogonal directions). Alternate means for performing image registration by a single or multiple cameras are sought, based, for example, on approximate knowledge of the shape of the test article. For example, a detailed geometry grid for the undistorted test article is typically available. 

The new technique should afford ease of pre-test calibration and the ability to detect, track, and quantify changes in model shape during the course of a test. The new technique must be fast enough to be implemented in real time and require minimal manual interaction by the user. Research issues to be addressed include the definition, recognition, and extraction of suitable image features, strategies for dealing with multiple curved surfaces on a test article, performance under varying lighting conditions, the influence of shadows, how to deal with occlusions, and motion of the camera due to vibration or thermal effects.
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6. Computational/Experimental Aeroacoustics Predictive Capability for Hot Supersonic Ducted Jets

Turbine engine test facilities have intermittently experienced damage and interruption of testing due both jet acoustic resonance problems and high broadband sound pressure levels. Interruption of testing and facility repair are expensive and delay weapon system development. In the past the resonance problems have been minimized after test interruption with trial-and-error fixes, but without the benefit of a good physical understanding or a predictive capability. Attempted fixes have included altering facility geometry, Helmholtz resonators, and water injection. For the resonance problem, it is suspected that the frequency of the most amplified jet instability wave (helical mode with lateral jet oscillation) couples with the flow-altered resonance frequencies of the ducting to produce "super-resonance" level amplitudes. Super resonance refers to the coincidence of two otherwise uncoupled independent resonance events. Previous experimental investigations suggested that jet temperature and facility scale are important. Super resonance has not been observed in subscale testing to date. Existing government Navier-Stokes Computational Fluid Dynamics (CFD) codes can be used to analyze the steady or quasi-steady flowfields for test configurations, but generally do not provide detailed acoustic information or acoustic signal propagation over sufficient distances. Even acoustic-capable solvers routinely fail to accurately predict acoustic amplitude. A predictive aeroacoustics capability is needed to identify occurrence of problems in advance of a test entry and to evaluate proposed hardware fixes to alleviate problems. Predictions are required both for the occurrence of super resonance and for broadband and tonal amplitudes and frequencies.

This proposal solicits the high-risk, basic research and development necessary to understand super resonance and to provide a predictive capability for this poorly understood phenomenon. Particular risks of this topic are the ability to accurately predict violent nonlinear aeroacoustic flowfields on very complex test configurations within reasonable amounts of time (weeks) and the ability to handle multi-phase sound suppression systems. Prediction of amplitude is a high risk requirement. Computational efficiency is an important goal but is secondary since no predictive capability exists in any form. 

Requirements: Develop a computational or experimental aeroacoustics predictive capability for the hot supersonic ducted jet problem. The new capability should address some of the following technical issues (items marked with asterisk are the most important): 

- 3D cell geometry, 3D and axisymmetric deflected jets *

- Hot supersonic or subsonic, highly turbulent ducted jets *

- Effects of water injection for sound suppression 

- Secondary air flow *

- Large propagation distances (10s of meters) *

- Broadband noise predictions, amplitude vs. frequency *

- Tonal predictions, occurrence of super resonance, amplitudes and frequencies *

- Interaction of duct resonance frequencies with jet wave instabilities 

- Solution time of several weeks on a complex test installation is acceptable. *

- For a computational model, compatibility with commercial grid generation software and solution display software (e.g., Gridgen and Fieldview). 

The developer has considerable flexibility in selecting an approach to this problem. A computational approach is anticipated because previous subscale testing failed to replicate super resonance. However, a cost-competitive subscale test rig with successful predictive capability would be an acceptable solution. The developer must understand the basic physical problem and propose a credible theoretical explanation (the explanation suggested above may not be correct). For a computational approach, new or existing codes may be proposed. Acoustic-capable algorithms and boundary conditions must be selected or developed. Validation of the predictive method is essential (some AEDC data exists). Potential researchers should carefully consider whether the proposed requirements can be practically met or whether some are too far beyond the state of the art. Any requirements that cannot be met should be explicitly identified.
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7.  Automated Calibration of Turbine Performance Simulations Using Optimum Robust Estimation of Engine Model Parameters

A key step in the turbine engine developmental and qualification testing process is building an accurate and complete mathematical simulation (i.e. model) of engine performance over the entire operational envelope.  This model enables greater validation of the test asset and reduces engine test time.  Because of the complexity of the engine system, the models are inaccurate.  Accuracy can be greatly improved by adjusting the models during engine test using acquired test data.

In this way, a nominal engine model is “tuned” using the observed test data to yield the best possible agreement between model predictions and actual engine performance.  This is a highly complex process involving multidisciplinary engineering and advanced mathematics.  Turbine engine models are highly nonlinear, and contain dozens of parameters with which to “tune” the model during the matching process.  Moreover, the test data used for the match may range from a half-dozen sensor inputs for a production engine to many hundreds of sensors for a development engine.  Each sensor has a measurement uncertainty associated with it, and these uncertainties influence the  weighting prescribed to each piece of data.  As a result, the engine matching process is tedious and involves as much art as science.  Herein lies the shortfall in capability.

The conundrum is summarized in Figure 1, where the measured data (the Y’s) are described as a distribution and the model parameters (the X’s) are represented as distributions that are continually refined as each new piece of data becomes available.  A means for optimal robust estimation of engine parameters is required.  

[image: image1.wmf]Given

an observed value of 

Y

measured

how can this be used to 

update our beliefs about priors?

X1

X2

X3

X4

Y

measured

Y

P(Y)


Figure 1: Probabilistic View of Optimal Engine Matching: Using Observed Data (Y’s) to Deduce Most Likely Distributions on Engine Model Parameters (X’s).

The ultimate goal is an automated method to calibrate steady-state turbine engine performance simulations such that they represent either a specific engine or a fleet of engines as selected prior to applying the calibration method.  The method must be capable of achieving a progressively incremental calibration and avoiding re-processing of previously included information.  The method must also take into account the level of uncertainty and the level of importance of the information used in the calibration.  

This project is intended to lay the scientific and mathematical groundwork needed for a process which receives turbine engine test data from multiple arbitrary sources, receives characterizing information about the data (e.g., measurement uncertainty, level of relevance), processes the data and their characterizing information, and determines a calibrated state of the model.  The attainment of this goal will require multidisciplinary integration of advanced optimization techniques, weighted least squares algorithms, Bayesian probability concepts, and statistical analysis.  
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 9. Analysis of Micro Mirror Array Applications to Time Delayed Light Pulses
The objective of this research is to determine feasibility of using large MEMS micro-mirror arrays as spatial light modulators for LADAR scene projectors.  LOCAAS and other small, autonomous smart munitions will soon use LADAR seekers for final target identification and approach.  Development of these seekers requires a robust test capability including Hardware-In-The-Loop (HITL) tests and simulations.  These are a necessary part of the system development because they promote enormous savings in cost, time and the unwarranted damage caused by prematurely deployed munitions. A LADAR scene projector is a key component of the HITL capability and must be developed in time to support evaluation of LADAR target recognition performance and effectiveness.  It is the objective of this work to assess MEMS micro-mirror technology as the basis for a practical, cost effective LADAR scene projector. 

The LADAR scene projector generates a simulated return from an outgoing laser pulse.  It is anticipated that the scene may eventually contain about 512 x 512 pixels, each having 4 or more sub-pixels.  Each pixel must have a pulse shape and delay that represent range and target profile information.  This is a difficult challenge for the delay and resolution values required (microseconds and fractional nanoseconds, respectively).  Technology development of four delayed waveform generators for each pixel is underway, but projected cost and sheer bulk are overwhelming. A way to mitigate cost and impractical size would exist if massive steering arrays based on micro-electro-mechanical-systems (MEMS) existed.  Each pixel could be comprised of 4 or more sub-pixels (micro-mirrors) that could steer a much smaller (thus more economical) basic set of sequentially delayed light pulses into image-forming optics.  Each member of the light element set would broadcast to the entire MEMS array, and sub-pixels select appropriate mixture of delays for a given x-y position, according to their electronic addressing.  Differential delay between sub pixels is thus equivalent to steered-angle addressing.  The result is a 3-D light pulse scene with the third dimension represented by time delay.  For background, see J. L. Smith, “Concepts for using optical MEMS array for LADAR scene projection” SPIE Proceedings 5092.  Also M.C. Cornell, et al, “A LADAR scene projector for hardware-in-the-loop testing”, SPIE Proceedings 4717.  

Research is needed for development of MEMS arrays with large fill-factor that can be tiled in order to produce the required pixel density in a size no larger than 1/3 meter.  Expected steering angles would be +/- 25 degrees (optical) and update rate well over 100.
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10. Improved Calibration Techniques and Artifacts for Outdoor Static Radar Cross Section (RCS) Measurements 

The National RCS Test Facility (NRTF) is a state-of-the-art, world recognized, static outdoor RCS measurement range. Consequently, NRTF is continually challenged to improve its measurement capability in order to meet the decreasing signature measurement requirements. These challenges come in several major areas. First, targets possessing ever-smaller RCS characteristics are bumping up against the existing measurement contamination levels. Second, the recently completed Bistatic Coherent Measurement System (BICOMS) has underscored the lack of basic understanding regarding the nuances associated with bistatic measurements. Third, current measurement calibration techniques have been shown to be a limiting factor in RCS measurement accuracy. The proposed research is as follows:

1. Research calibration artifacts and techniques capable of improving the efficiency and accuracy of the outdoor static RCS range calibration process. Develop surface grids of proposed calibration standards, and generate coherent, broadband, wide-aspect monostatic and bistatic scattering data for them using "first principle" CEM algorithms. Estimate uncertainty estimates on the proposed techniques through convergence analysis.

2. Develop advanced target support concepts to reduce contamination of measured scattered fields by direct support scattering and support-target interactions. Research illumination source field control to minimize target support contamination in concert with defined target support concept.

3. Conduct basic research in the area of bistatic RCS metrology. In particular research calibration techniques for both co and cross polarimetric bistatic calibration which maximize calibration efficiency while maintaining measurement accuracy.
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