Broad Agency Announcement (BAA)

NR: 04-03-SNK, AMENDMENT 3

Revolutionary Automatic Target Recognition and SEnsor Research (RASER)

BROAD AGENCY ANNOUNCEMENT TITLE:  Revolutionary Automatic Target Recognition and SEnsor Research (RASER)
BROAD AGENCY ANNOUNCEMENT TYPE:  This is Amendment 0004 to the Open-Ended Broad Agency Announcement.

BROAD AGENCY ANNOUNCEMENT NUMBER: 04-03-SNK Amd 003

TECHNICAL POC  
Gregory J. Power, 
AFRL/SNAT, phone 
(937) 255-1115 X-4389, email: 
Gregory.Power@WPAFB.AF.MIL, mail address:  
2241 Avionics Circle, Wright-Patterson AFB, OH 45433-7321
CONTRACTING POC:  
Noelle Spalding, Contract Negotiator, 
AFRL/SNKR, 
937-656-9837, email: 
noelle.spalding@wpafb.af.mil, or  
David Shellabarger, Contracting Officer, 
AFRL/SNKR, 
937-255-4863, email: 
david.shellabarger@wpafb.af.mil, Mail address:  
2310 8th Street, Wright-Patterson AFB, OH 45433-7801

Address any questions pertaining to this amendment to the points of contacts listed above. 

WHITE PAPER DUE DATE AND TIME:  White papers in response to this announcement will be accepted until September 2005.  Initial white paper due date for evaluation is 25 May 04, 3:00 P.M. local time.   Only white papers are due at this time.  The paragraph below, entitled “White Paper & Proposal Preparation Instructions”, provides an explanation of the two step process.  No proposals in any other Research Area will be accepted at this time.  Note:  Proposals received after the due dates and times shall be governed by the provisions of FAR 52.215-1(c)(3).

It is anticipated that the only contractual instrument issued off this solicitation amendment will be assistance instruments.

Refer to BAA 04-03-SNK posted 22 Dec 2003 for any proposal requirements and details not expressly set forth herein.  All requirements of BAA 04-03-SNK apply unless specifically amended and addressed herein.

Offerors should be alert for any additional notices to this BAA Amendment that may permit extensions to the proposal submission date.   

TECHNICAL DESCRIPTION


The Air Force Research Laboratory Sensors Directorate (AFRL/SNA) is working Assisted and Automated Target Recognition (ATR) problems using sensors across the frequency spectrum for numerous applications.  Applications include ATR, tracking, fusion, assessment, evaluation, modeling, simulation, and related technologies.  Sensors of interest are radar (SAR, HRR, GMTI, etc), laser radar (1-D, 2-D, and 3-D), Hyperspectral (HSI) and Multispectral (MSI), infrared and optical video.  Many of these areas of interest correspond to topics of extensive research by America's premier institutions.  The goal of this procurement is to focus basic research on DOD problems by integrating the newest technology (tech-push) and defining hard problems to address (tech-pull).

An initial 'white paper' is requested in distinct areas of research corresponding to topics that have significant commercial and military potential.  The selected research efforts will be refined and evaluated for their potential for future development as solutions to military ATR problems.  Approaches that demonstrate potential to significantly enhance war fighter capability will be transitioned and incorporated into existing and planned advanced development programs.
Any resulting assistance instrument should provide a unique and technically advanced approach to one of the technical challenge areas delineated in the solicitation.  SNA will supply sensor imagery for use with each assistance instrument commensurate with the government and contractor negotiated level of protection (unclassified public release or unclassified no-foreign).  The government project engineer will provide the conduit to transition promising technology into Air Force applications.

It is highly desirable that any graduate students supported under this research topic spend their Summer months at AFRL/SNA in Dayton, Ohio working collaboratively on-site with AF researchers (AFRL/SN has a Summer student program through which support can be arranged for Summer research appointments independent of the assistance instrument).  Consequently, it is highly desirable that such students be US citizens to facilitate summer research appointments.
The Topic List for White Papers follows:

Persistent Tracking

Feature Aided Tracking Challenge Problem

Sparse Aperture Scene Reconstruction and Visualization

Software for Exploitation and Experimentation on Targets (SWEET)
Shape Representation for 3-D ATR

ATR Theory Challenge Problems

Non-Linear Principle Components Analysis Based ATR

Learning for ATR

Robust Filtering with an Application to Target Tracking

Extended Operating Conditions (EOC) Invariant Identification

Quasi-Invariant Quality Identification (Q2ID) 

High Resolution Hyperspectral Phenomenology

Bio-inspired Sensing

Multi-sensor Registration

Feature Extraction

Computation Electro-Magnetic (CEM) Research in Asymptotic Methods

Persistent Tracking

SNA is seeking research in the area of persistent tracking.  Of particular interest is using features extracted from targets to sustain long duration tracks in scenarios of airborne platforms tracking multiple ground targets.  Initial emphasis shall be on development of theoretical methods to predict impact of features on track identity lifetime (TIL).  TIL is the time duration of the track before the track is lost or switched with another track.  While Monte Carlo analysis can be used to evaluate the impact, a theoretical prediction would be useful for understanding feature utility for feature aided tracking sensor management. Other areas of interest include feature association methodologies, development of persistent features from RF and EO/IR, multi-look association, and association across phenomenology.

Feature Aided Tracking Challenge Problem

Progress in feature-aided tracking has been slowed by the lack of data and software tools that could assist exploration and algorithm development.  The goal of the AFRL project called FATSO (Feature Aided Tracking of Stop-Move Objects) is to provide products to support feature-aiding research in a form for public release.  The proposer’s role would be to provide a nonparametric approach to feature aiding and help integrate it with the FATSO simulation engine.

Sparse Aperture Scene Reconstruction and Visualization

AFRL/SNA invites research white papers to address the reconstruction and visualization of 2D/3D natural and manmade scenes from sensed RF/EO/IR/spectral/video/laser data collected on wide angle, sparse apertures. Such research is fundamental to building object detection and recognition capability. The wide angle, frequency diverse data supports high resolution reconstructions but the sparse collection aperture introduces image side lobes that need suppression. The sensed data may be collected from multiple platforms with imperfect sensor model parameter estimates leading to a precision registration problem. Furthermore the data may be collected on irregular grids with data dropouts. Visualization of the reconstructed scene is a challenge due to the polarization, angle, and frequency dependence of the scene response. Scientific visualization methods that aid human interpretation of the reconstructed scene are needed.  AFRL/SNA has produced a public release wideband RF backscatter data set referred to as the "Backhoe Data Dome". This data set along with associated challenge problems will support and help steer research in this area. SNA anticipates augmenting this initial data dome release with data from other spectral regions and modalities for the same backhoe scene. 

Software for Exploitation and Experimentation on Targets

This effort provides Automatic Target Recognition (ATR) researchers with SoftWare for Exploitation and Experimentation on Targets (SWEET).  The effort allows for the insertion of old and new ATR Algorithms into an ATR toolbox following a well-defined “bus” structure.  The structure will allow the ATR toolbox to be incorporated into MATLAB with the same look and feel as is customary to MATLAB users.  AFRL/SNAT will generate a list of starter algorithms for the toolbox.  Code will be optimized “C” code.  Deliverables for this task would include documented code, code reference manual, and user’s guide.

Shape Representation for 3-D ATR

The objective in Automated Target Recognition (ATR) is recognition of objects from various sensor platforms.  Each sensor transforms the data in different ways, each of which needs to be fully understood from an ATR Theory, or Performance Prediction point of view.  In each case, it is highly desirable to be able to naturally and efficiently handle articulation and obscuration of the objects of interest. One potential approach for handling this problem is to chunk the image into regions (possibly overlapping).  Then each region is analyzed locally for similarity with things in the database.  For example, with 3-D point cloud data, this could involve looking at how small chunks of one object compare and contrast to chunks of different objects.  These unary constraints can then be used to decide potential candidates for checking binary constraints, i.e. these two chunks from this image look like these two chunks from this database model, are they in the right positions in the image with respect to the model?  This local comparison of object chucks in 3-D would need to account for the fact that the point cloud data is not uniformly distributed on the surface of the object, especially when multiple viewpoints are combined together.  Finally, an overarching objective is to develop a framework for shape and saliency analysis to enable comparison of common shape representations for discrimination and classification capabilities.

ATR Theory Challenge Problems
AFRL/SNA is preparing an ATR Theory Challenge Problem based upon the 3-D Ladar Challenge Problem data first released at the SPIE Defense and Security Symposium in April of 2003.  Subsequent formulations of ATR Theory Challenge Problems may be based on different data.  The goals of this effort include predicting bounds, interpolating, and extrapolating performance on known Operating Conditions.  Performance as a function of resolution (range dependence) is the focus of the first experiments.  Theoretical, empirical, and hybrid solutions will be considered.  Ultimately, our desire is to have a theoretical prediction of performance, and to validate those predictions with careful experiments.  A straw man version of the first ATR Theory Challenge Problem will be released summer 2004 and made available on SDMS (see DATA below).

Non-Linear Principle Components Analysis Based ATR

Non-Linear PCA is a recent generalization of standard PCA and Singular Value Decomposition techniques.  The goals of this project are to demonstrate the abilities of NLPCA-based techniques for efficient representations that maintain discriminatory information and for adaptive ATR.  Additionally, it is desired to demonstrate the metric properties of NLPCA for efficient ATR, and to demonstrate how NLPCA helps to reliably reject unknown objects.  Showing how this would be implemented in hardware is a bonus.

Learning for ATR

AFRL/SNAT desires to conduct research that applies adaptive learning strategies to the automatic target recognition (ATR) problem. These adaptive learning strategies would include but are not limited to such areas as evolutionary computation and genetic programming/algorithms. The resulting ATR systems would improve the exploitation of sensor data by allowing the exploitation system, possibly with a human operator in-the-loop, to adapt to changing operating conditions or to new mission requirements. The ATR systems would adapt to extended operating conditions (EOCs) such as sensor noise, sensor resolution, environmental conditions (e.g. time of day, weather, etc.), target conditions (e.g. articulation, obscuration, etc.) by adapting parameters (e.g. detector thresholds, classifier metrics, etc.). An adaptive ATR could also restructure its own algorithm using adaptive learning techniques. Such a system would better meet the needs of time critical targeting, surveillance operations, and target acquisition in combat aircraft.

Robust Filtering with an Application to Target Tracking

The main objective of this task is to develop novel robust filtering approaches for target state estimation in advanced tracking systems. The most important feature of the approach is the robustness with regard to handling uncertainties in target kinematics modeling. The technique to be studied in this effort might include robust H-infinity estimation and multiple model methods to fill the uncertainty gap between any two models. With robust filtering, the transition between models will be smoother and the filtering performance will be more robust. One challenge for filter design in an advanced tracking system is the stringent computational constraints, which can be resolved by introducing multi-rate filtering techniques. We expect that an effective combination of adaptive, robust and multi-rate techniques will lead to new filtering approaches with superior performance.

EOC-Invariant Identification

This effort develops theories, algorithms, measures and experiments to produce techniques needed for identification of targets under extended operating conditions (EOCs). EOCs occur with articulation of the target, sensor image quality variations, obscurations and more.  The objective of this research is to define fundamental theories and measures, demonstrate and experiment with EOC algorithms for Automated Target Recognition (ATR).   For the initial study, the following tasks are envisioned: 1) Theories will be defined for foundation of EOC-ID; 2) Sample algorithms will be coded and tested for a “kick-off” baseline; 3) Initial data sets will be publicly available video sequences; 4) Sequence clips will be identified that demonstrate various EOC issues; and 5) Measures of success will be defined and demonstrated on the “kick-off” baseline.  Deliverables for this effort would include a final report, code, and data.

Q2ID

Quasi-Invariant Quality Identification (Q2ID) refers to object recognition algorithms that are robust to the quality variations that occur in the input data.  For an electro-optical imaging sensor these quality issues arise from a variety of sources including platform motion, resolution, atmospherics, sensor system anomalies, calibration, and image transmission/compression issues.  The objective of this research is to define fundamental theories, demonstrate and experiment with Q2 algorithms for Automated Target Recognition (ATR).   For the initial study, the following tasks are envisioned: 1) Theories will be defined for foundation of Q2ID; 2) Sample algorithms will be coded and tested for a “kick-off” baseline; 3) Initial data sets will be publicly available video sequences; 4) Sequence clips will be identified that suffer from various qualitative issues; and 5) Measures of success will be defined and demonstrated on the “kick-off” baseline.  Deliverables for this effort would include a final report, code, and data.

High Resolution Hyperspectral Phenomenology

SNAT is seeking research in the area of hyperspectral phenomenology.  Of particular interest is understanding the underlying physics of a emerging class of hyperspectral imaging involving close-in operation for increased spatial and spectral resolution (approaching ultraspectral). There is the need to mathematically represent the information content of targets in the spectral and spatial domain and how cross-coupled spectral-spatial features are captured, processed, and exploited for objects in the open as well as objects of interest in highly complex urban settings. Finally, a relationship between hyperspectral and radar imaging exists that can be represented and researched mathematically that will allow the adaptation of some algorithms designed for RF applications. This will be a first step towards a unifying theory of RF/EO ATR. Research into excursions into the ultraspectral is also of interest.

Bio-inspired Sensing

Biology comes up with substantially different solutions to its sensing problems than man-made sensing systems.  Detection, geolocation, tracking, and identification of targets (food/threats) is central to the survival of natural systems.  Natural systems devise robust solutions to very difficult problems and provide these solutions in real time.  We are looking for novel bio-inspired algorithm and sensing approaches to provide more robust solutions to our detection, geolocation, tracking, and identification problems.

Multi-sensor Registration

A key enabler of multi-sensor fusion systems is the ability to do accurate multi-sensor registration of disparate sensor inputs at the data level.  This registration can be quite challenging due to the different phenomenologies and different geometric projections represented across the sensors of interest.  Further, often the sensors that require registration are performing different functions (for example, MTI, HRR, SAR, SIGINT) and can be on different platforms.  We are interested in the identification and definition of challenge problems and data sets to drive the advancement of the state of the art (SOA) in multi-sensor registration.  We are also interested in algorithms and approaches that advance the multi-sensor registration SOA.

Feature Extraction

Features are commonly used as an intermediate data processing step for an ATR or feature-aided tracking system.  The goal of feature extraction is to find salient (stable, reliable, and discriminatory) features.  Stable and reliable features are target dependent problems whereas discrimination is a cross-target problem.  Stability, reliability, and discrimination can all be enhanced using bio-inspired and adaptive techniques for on-line extraction.  However, feature extraction techniques require careful examination to avoid incorrect associations due to insufficient information in the features.  Features extraction is a concern across all sensor modalities, thus proposals could address one or many different sensor systems.  Demonstrating the relation between model-based or synthetic feature extraction and measured feature extraction is also of interest.

Computation Electro-Magnetic (CEM) Research in Asymptotic Methods

An important component of emerging Air Force model-based ATR approaches includes explicit modeling of threat/target EM signatures.  Most targets are electrically large objects (100-1,000s of wavelengths in one or more dimensions) that cannot be efficiently modeled computationally with Academically-popular exact CEM techniques such as Method of Moments or Finite Element approaches.  Consequently the Air Force relies heavily on asymptotic techniques (Physical & Geometric Optics, various diffraction theories) in current signature prediction codes.  Research into new and novel methods of applying asymptotic EM techniques to provide accurate prediction of bi-static, cross-polarization, and creeping wave effects for electrically large objects are desired.  Furthermore, approaches that efficiently integrate asymptotic predictions with exact methods or 'hybrid' techniques (for example, cavity predictions based on exact techniques integrated with asymptotic predictions of overall object 'skin line') are also of interest.  Finally, new and novel approaches to both exact and asymptotic CEM that address prediction of Doppler effects arising out of moving target sub-components (wheels, rotating antennas, etc.) are sought.  

AWARD INFORMATION

Multiple awards are anticipated from this solicitation.  The anticipated funding profile for the total program is: FY
04 - 
190,000, FY
05 – 1,300,000, FY
06 – 1,
605,000, FY
07 – 1,
530,000 (Total $4,625,000), with the value of each assistance instrument between approximately $100,000 to $500,000.  The overall effort for any resulting assistance instruments will be 
39 months with 
36 months for technical effort and 
3 months for the final report.  This funding profile is an estimate only and is not a promise for funding as all funding is subject to change due to Government discretion and availability.  
Type of Contract/Instrument: Assistance instruments anticipated

WHITE PAPER & PROPOSAL PREPARATION INSTRUCTIONS :  This solicitation amendment consists of two steps:  

The first step requests a white paper and a rough order of magnitude (ROM) cost.  The Government will evaluate white papers to determine which of them have the potential to best meet the Air Force’s needs.  Offerors will be notified of the disposition of their white paper.  It is anticipated that Government review of the white papers submitted will take 5 working days.  Those offerors submitting white papers assessed as meeting Air Force needs will be asked to submit a technical and cost proposal. Those offerors not requested to submit a technical and cost proposal will be notified but may, however, still elect to submit a technical and cost proposal.  

White papers instructions:


Paper Size - 8.5 X 11 inch paper

Margins - 1 inch

Spacing - single or double spaced

Font - Times New Roman, 12 point

Number of Pages - no more than 4 single sided pages (excluding cover and resumes)
,
For the ROM, no cost information should be forwarded; only a bottom line figure should be provided.  The Government will not consider pages in excess of this limitation.  Offerors should submit original and 
2 (additional electronic copy maybe submitted by email) copies to the Contracting POC.  The white paper shall include a discussion of the nature and scope of the research and the technical approach.  

Include proposed deliverables in the white papers.  Include any algorithms and code that will be developed on the project (MATLAB preferred but not required).
The second step consists of offerors submitting a technical and cost proposal within 23 days of the proposal request.  After receipt, proposals will be evaluated in accordance with the award criteria  HYPERLINK  \l "Section D" 
below.  Proposals will be categorized and subsequently selected for negotiation.

Full Proposal Instructions


Paper Size - 8.5 X 11 inch paper

Margins - 1 inch

Spacing - single or double spaced

Font - Times New Roman, 12 point

Number of Pages - Volume 1 (technical) is limited to no more than 25 single sided pages.  The cover, table of contents and resumes are excluded from the page limitations.  Volume 2 (cost) is limited to no more than ten (10) single-sided pages.  

The Government will not consider pages in excess of this limitation.  The proposal shall include a discussion of the nature and scope of the research and the technical approach.  Additional information on prior work in this area, descriptions of available equipment, data and facilities and resumes of personnel who will be participating in this effort should also be included as attachments to the technical proposal.  This volume shall include a non-proprietary Statement of Work (SOW) detailing the technical tasks proposed to be accomplished under the proposed effort

Proposal Schedule (anticipated)

White paper submission



           25 May 04

Offerors notification of request for Full Proposals

  1 Jun 04

Full Proposal Submission




24 Jun 04

Offerors notification of Proposal Award


15 Jul 04

Contract Award





22 Jul 04

All proposals should be submitted only to the Contracting Point of Contact.

BASIS FOR AWARD

White Papers

The Government will evaluate white papers to determine which of them have the potential to best meet the Air Force’s needs.  
Full Proposals

The selection of one source for award will be based on an evaluation of each offeror’s proposal (both technical and cost/price aspects) to determine the overall merit of the proposal in response to the announcement. The technical aspect, which is ranked as the first order of priority, shall be evaluated based on the following criteria that are in descending order of importance:


TECHNICAL  

a.  Scientific, technical, and creative merits of the proposed science and /or engineering research

b.   The offeror's understanding of the technical effort, and soundness of the offeror's approach, including proposed Statement of Work (SOW)

c.  Relevance and potential contribution of the proposed research area to Department of Defense mission

d.  Qualifications and availability of the principal investigator and other key research personnel

e.  Adequacy of current or planned facilities, equipment, and data to accomplish the research

f.  Protection of data and security issues

COST/PRICE:  Cost/Price includes the reasonableness and realism of the proposed cost and consideration of proposed budgets and funding profiles. Amount and quality of cost share dollars proposed will be considered.  Cost/Price is a substantial factor, but ranked as the second order of priority.

OTHER REQUIREMENTS

Government Furnished Property (GFP)


Government data based imagery is anticipated to be required for many of these technical areas.  There are currently five public release data sets available for use under this procurement; ADTS- airborne Ka-band SAR containing some military vehicles,  Ft. Hood- EO/IR imagery consisting of 7 vertical and 19 oblique images, GTRI- multi-polarization X-band radar phase history turntable data, MSTAR- X-band SAR containing multiple military targets and clutter, and the Backhoe Data Set - synthetic SAR Video Phase History data of a backhoe.

For more information on these data sets visit https://www.sdms.afrl.af.mil/main.htm.  

A much more comprehensive archive, several TBytes, of ITAR restricted data is available for offerors who are approved for ITAR access.  This data archive contains EO/IR, HSI/MSI, LIDAR, LADAR, Video and SAR.  For more information proceed to the site listed above and request access to the restricted site.  You must be able to prove that you are a US citizen and able to protect the data in accordance with the International Traffic in Arms Regulations and have a current government sponsor.

While the preference is for an offeror to have ITAR access, those offerors with access to public release data sets only will not be precluded from award.  
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