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OVERALL PROJECT GOALS:

1. To develop physics-based models for computing statistical models of the scattered fields from vehicles under foliage for radar at multiple frequencies and polarizations;

2. To develop physics-based models for computing statistical models of the response of buried land mines to ground-penetrating radar and metal detectors;

3. To develop statistical algorithms for sensor management (scheduling & deployment)

and for detection, classification and evaluation using multiple sensor modalities;

4.   To insert the physics-based statistical models into the statistical sensor management       

      and detection algorithms, to obtain a complete set of statistical multi-modal sensor
      management and detection algorithms for vehicles under foliage and for land mines; 
5.   To evaluate these algorithms using both real data and realistic detailed simulations.

HOW INDIVIDUAL RESEARCH COMPONENTS HAVE CONTRI-BUTED TO ACHIEVING THESE OVERALL PROJECT GOALS: 

1. Physics-based Models for Radar Scattered Field from Vehicles Under Foliage:

Sarabandi: Developed very realistic models for radar scattering from vehicles    under foliage. These models include: multiple scattering effects from evergreen     tree needles; vehicle-tree-ground interactions; and a new iterative physical optics approach to modeling shadowing on a vehicle under foliage.

      Signficance: These very realistic models are being used in Monte Carlo simulations 

      to develop statistical models for the scattered field from various types of vehicles

      under various types of foliage. See also the application to Goal #5 below.

      Hero: Developed non-parametric Markov random field model for scattered field.

      Signficance: We discovered during Year #1 that running a Monte Carlo simulation

      for the full 3-D scattered field took weeks for each scenario (various vehicle types

      under various foliage types). So Hero developed an algorithm for interpolating the

      scattered field, reducing the number of points for which the scattered field had to be

      computed in each Monte Carlo simulation. This will speed up progress considerably.

2. Physics-Based Models:Land Mines in Ground-Penetrating Radar & Metal Detectors:

Yagle: Applied range-migration imaging (essentially time-reversal imaging) to mine detection in GPR. Also applied electromagnetic model of metal detector to mine detection, with particular attention to time decay rate for distinguishing metal types.

Significance: We believe there is little point in competing with the Duke effort on land mines, which has a long history. We are keeping our focus on developing statistical algorithms for multi-modal sensor management, detection, classification, and evaluation. To this end, we are focusing on readily-available expertise (RA Jay Marble) and data sets (test track) for which multi-modal data are available.

The models we have developed will lead to statistical models during Year #3.

Again, we have observed that some sort of pre-processing is desirable before applying time-reversal imaging. The hyperbola-flattening-transform feature detector should prove useful here. In a sense, this is an alternate detection modality.

3. Statistical Algorithms for Sensor Management and Detection and Classification:

Hero: Developed myopic (Year #1) and non-myopic (Year #2) distributed multi-sensor multi-look detection and tracking sensor management algorithms using Renyi information divergence and Q-learning, respectively. Also developed and evaluated aggregation strategies for objective-value maximization for distributed sensors.

Significance: Sensor scheduling is computationally intensive when there is a large number of sensors and targets. This effort has greatly reduced the computation required; tracking of dozens of actual target trajectories has been accomplished. Aggregation strategies will help in selecting optimal sensor management.

4. Inserting Physics-Based Statistical Models into Sensor Management Algorithms:

Sarabandi, Hero, Yagle: Once Sarabandi and Yagle have developed statistical models for responses to vehicles under foliage and buried land mines, respectively, these models will be inserted into Hero’s statistical sensor management and detection and classification algorithms. This will happen during Years #3 and #4. Some time will be required for this, since there will be a considerable amount of back-and-forth in determining the most significant data features, scenarios, etc.

Significance: This is the heart of this MURI, and the place where we will be delivering significant new statistical algorithms. The strong point of the Michigan program over other programs is the rigorous statistical approach we take to sensor management, and to detection and classification and evaluation, using statistical models, which are in turn created using Monte-Carlo-type simulations of detailed physics-based models, especially for vehicles under foliage (another strong point).

5. Evaluation of Algorithms using both Real Data and Realistic Detailed Simulations:

Sarabandi: Developed very realistic models for radar scattering from vehicles    under foliage. These models include: multiple scattering effects from evergreen     tree needles; vehicle-tree-ground interactions; and a new iterative physical optics approach to modeling shadowing on a vehicle under foliage (same as for Goal #1).

      Signficance: These very realistic models will also be applicable to evaluation of the  

      algorithms developed in this project. Proper evaluation of multi-modal algorithms in

      various situations, using various sensor modalities and various sensor management

      strategies, is not possible using real data alone. Realistic simulations, in which ground

      truth is not only known but can be varied at will, are needed. Furthermore, statistical 

      models are needed for evaluation of statistical algorithms. Evaluation will occur 

      during Year #5, using the models presently being developed in Goals #1 and #2.

      Yagle: Similar comments for mine detection, although the models are not as good.

      Hero: Will develop statistical performance measures for algorithms performance.

      These will include ROC curves for various situations and strategies, probability of 

      detection, etc.

Overall: It should be evident that during the first part of this MURI, we have necessarily

been working with less collaboration than the evaluators seem to have expected. We have  been working on the separate pieces of an overall procedure; these pieces will all be combined in the latter stages (Years #3 and #4) of the project. We have been keeping our focus on the “big picture” of developing statistical sensor management and statistical detection, classification, and evaluation algorithms based on physics-based models, in accordance with our proposal (and with the overall MURI goals). This is also where we can make a significant contribution that is orthogonal to efforts made elsewhere.

IMPORTANT ACCOMPLISHMENTS TO DATE:

Accomplishments During Year #2 and Their Significance:

Physics-Based Models for Foliage, Vehicles, and Clutter (Goal #1):

1.    Development of statistical models for scattered fields for vehicles in clutter.

       Significance: The Michigan MURI has the unique ability to develop detailed

       statistical models, due to our excellent foliage and vehicle models. These models

       will be central to any statistics-based vehicle detection algorithm. However, each

       Monte Carlo simulation requires two weeks of computation on 20 processors!

2. Developed an iterative physical optics approach to account for the effects of shadowing on a hard target under foliage.

    . Significance: Previous approaches required a tremendous amount of computation to 

      account for part of a target or foliage blocking another part. The new approach

      greatly reduces the computation required, making implementation more practical.

3.  Development of frequency correlation approach to radar channel identification.

     Significance: Despite our good modelling of foliage and tree trunk radar scattering,

     some propagation effects are not amenable to modelling. This new approach seems

     to be promising for deconvolution of propagation effects, though not physics-based.

4. Developed a new approach to estimate signal attenuation through dense foliage.

Significance: This is another effect of propagation that we can now recover.

Sensor Scheduling and Management and Detection Algorithms (Goal #3):

1. Development of reduced-complexity non-myopic sensor management methods,

and quantification of their performance-vs.-complexity tradeoff, using Q learning.

      Significance: The complexity of theoretically-optimal non-myopic multi-modal

      scheduling increases exponentially with numbers of target states and modalities.

      Sub-optimal approximations will enable practical target detection and tracking.

      This extends the previous results for myopic strategies to the case of  considering

      and anticipating the effects of altering sensor management strategies.

2. Development of physics-based algorithms for vehicle detection in changing (due to countermeasures) clutter using passive and active multi-modal spatial sensors.

      Significance: Physics-based models are especially important when the target is

      using countermeasures which alter the clutter properties.

3. Developed aggregation strategies for distributed sensors and compared to others.

      Significance: This allows maximum values of objective functions which dictate

      sensor management strategies to be computed much more rapidly and reliably.

4. Developed an algorithm for computing bounds on performance of time-reversal

imaging algorithms in noise (MATHILDA).

Significance: This is a preliminary address of Goal #3 (performance in noise, and how this affects sensor management) and of Goal #5 (evaluation of algorithms).

Mine Detection and Channel Deconvolution Algorithms (Goal #2):

1. Developed hyperbola-flattening transform for feature detection in GPR mine data.

      Significance: This will serve as a preprocessing step for identifying possible targets

      before implementing the range-migration mine detection algorithm developed before.

2. Studied multimodal data from active magnetometer (metal detector) and GPR data.

      Significance: We are studying how to use magnetometer data to determine soil

      permittivity to improve the GPR data, since range migration requires knowledge of

      the soil permittivity. We are also using the time decay rate to distinguish aluminum

      (a likely land mine) from iron (ordnance and debris) when metal is detected.

Major Accomplishments During Year One and Their Significance:

Physics-Based Models for Foliage, Vehicles, and Clutter (Goal #1):

1. Developed time-reversal method for foliage-camouflaged target detection. Significance: This is one of the physics-based vehicle detection algorithms.

2. Performed phenomenological studies of physics-based clutter and target models.

Significance:  Basic understanding of these effects is vital for interpreting results.

      Entirely new results include: Modeling of target-clutter interaction; modeling

        of scattering from clusters of needles, including multiple scattering effects; a new

       closed-form solution for the scattered field from a disk of arbitrary shape.

Sensor Scheduling and Management and Detection Algorithms (Goal #3):

1. Developed non-parametric Markov-Random-Field (MRF) approach for statistically characterizing the scattered fields from clutter and from a target in clutter.

      Significance: This permits scattered fields to be modeled from few observations.

      Statistical models for entire scattered fields can be extrapolated from little data.

2. Developed myopic distributed multi-sensor multi-look detection and tracking sensor management algorithms using Renyi information divergence measures.      Significance: Theoretically optimal sensor scheduling is infeasible when the numbers of targets, their locations, and available sensors are all large. Using particle filtering and Renyi-divergence-based scheduling, complexity was reduced and simultaneous tracking of dozens of actual target trajectories was demonstrated.

Mine Detection and Channel Deconvolution Algorithms (Goal #2):

1. Range-migration algorithm for landmine detection using ground-penetrating radar.

      Significance: Mine detection and tanks-under-trees are the two problems which the

      Michigan MURI is addressing. Since Sarabandi has extensive experience with foliage

      and vehicle modelling, Yagle is covering mine detection (with less previous work).

2. 2-D and 3-D blind deconvolution algorithms for even point-spread functions.

      Significance: These will be applied to deconvolution of mine GPR data.

Other accomplishments are detailed in the various review Powerpoint presentations

which are available on the project website: http://www.eecs.umich.edu/~aey/muri.html.

MANAGEMENT ACTIONS TAKEN AS A RESULT OF REVIEWS

1. One of the original co-PI left the project during Year #1. As a result, the original

project goal of simplifying the computation of scattered fields using an optimal choice of basis functions has been dropped. The result on basis-function-based inverse scattering presented during August 2003 has not been pursued, as a result;

2. We have streamlined our research effort to focus more explicitly on the project goal

of developing statistical multi-modal sensor management and statistical detection algorithms based on physics-based models. We have focused on speeding up the development of statistical models based on physics-based models, as a result of

interactions and evaluation of how fast progress was being made. We have added

EMI to the land mine portion of the project explicitly to speed up the development of multimodal detection for land mines, since the expertise and a data set were available;

3. This document has been revised significantly from the ones distributed previously.

It focuses more on the program goals and how individual efforts are addressing them.

RESEARCH GOALS AND OBJECTIVES DURING YEARS 4 AND 5

1. To insert the statistical models developed in Years #2 and #3, based on the physics- 

Based models developed in Years #1 and #2, into the statistical  sensor management and statistical detection, classification, and evaluation algorithms developed during Years #1-#3. This will be a closed-loop process as the most statistically significant aspects of the data, including bounds on algorithm performance, become available;

2. To develop complete statistical algorithms for detection and classification of, and

Sensor scheduling and deployment for, detection of vehicles under foliage using radar at various frequencies and polarizations, and of land mines using GPR and EMI data;

3.  To evaluate the resulting algorithm using both real data and the realistic physics-based

     models we have developed already as part of this project.

Major Research Issues to be Addressed During Year Three:

Physics-Based Models for Foliage, Vehicles, and Clutter (Sarabandi):

1. Further development of detailed statistical models for different vehicles.

2. Adaptation of models from ARL-GD for infra-red response of foliage to our work.

Sensor Scheduling and Management and Detection Algorithms (Hero):

1. Development of fully adaptive sensor selection procedures which minimize criteria

such as probability of decision error, time-to-detect, or maximize information gain.

2. Development of better detection algorithms using physics-based and non-parametric

statistical models and multiple sensor modalities.

Mine Detection and Channel Deconvolution Algorithms (Yagle):

1. Application of prestack hyperbola-detection algorithm (reciprocal+Radon transform).

      Significance: This is a promising preliminary step in sequential mine detection, since

      much less computation is required. If a likely mine is detected, the RMA is applied.

      Statistical priors would be helpful here, but are not as vital as in vehicle detection.

2. Application of blind deconvolution and basis function inverse scattering algorithms.

      Significance: These will be useful for deblurring possible mines (again following

      prior detection using #1 above). They may also be applicable to vehicles in foliage.

3. Development of multi-modal detection procedure using GPR and metal detectors.

      Significance: Both GPR and metal detector data from an actual mine field are now

      available. Since the data sets are much smaller than those for the vehicles in foliage

      problem, this is a good problem for a preliminary multi-modal detection algorithm.

INTERACTIONS: OTHER LABORATORIES AND PROGRAMS

SARABANDI: ARL: Ed Burke (mm wave), Brian Sadler, Bruce Wallace

ARMY TOPOGRAPHIC ENGINEERING CENTER:

Paul Krause, Eric Zimmerman

BAE: Norm Byer

FCS: Jim Freibersiser (DARPA), Barry Perlman (CECOM)

VERIDIAN (now GD): John Ackenhusen

HERO: ARL: NAS-SED review panel member

ERIM: Brian Thelen, Nick Subotic 

VERIDIAN (now GD): Chris Kreucher, John Ackenhusen

YAGLE: VERIDIAN: Jay Marble, Brian Fischer, Chris Wackerman

ARMY NIGHT VISION LAB: Data used for mine detection algorithm

ISP: Presentation of MURI results at 2002 and 2003 meetings.

OVERVIEW OF ELECTROMAGNETICS SUB-PROGRAM:
1. Identify the key goals and objectives of the project
In the area of electromagnetics the main objective is to develop high fidelity physics-based models for the clutter and target (including their interactions) that would allow

a. Phenomenological study of the problem under consideration. This includes sensitivity studies of sensors attributes for a number of clutter and target parameters to design the configuration of a multi-sensor system.

b. To generate a large amount of synthetic data with exact statistical knowledge of target and clutter parameters for development and testing of detection and sensor management algorithms. 

2. Explain clearly how each of the individual research components of the research program have contributed, both individually and in collaboration, to achieving the overall project goals to date
The electromagnetics group is in charge of developing forward physics-based models and is collaborating closely with the rest of the team in sensor management and detection.


3. Summarize the important accomplishments to date

a. Physics-based foliage model development:
i. Enhancement of an existing coherent foliage model to so that an observation point can be in the near-field of the scatterers (observation point inside the forest).

ii. Enhancement of scattering model for broad leaves. A closed form scattering solution for thin dielectric disks is obtained that is valid over all incidence angles and all frequencies. Model is validated by an exact numerical model.

iii. Effect of multiple scattering for dense cluster of coniferous needles is modeled analytically using a method based on distorted Born approximation. The model is validated by experimental and exact numerical methods.

iv. An accurate model for wave extinction in foliage is developed.   

b. Target-Foliage interaction

i. A finite difference time domain (FDTD) model is developed for simulation of scattering from targets appropriate for frequencies up to VHF. Interaction with foliage is accounted for using a novel approach based on a Huygen’s surface enclosing the target and the application of reciprocity.

ii. Development of a high-order near-field GO-PO-PO approach to obtain scattering from a foliage-camouflaged target. This model accounts for the effects of interaction of foliage and target very efficiently and allows simulation of scattering at high frequencies. We are in the process of model implementation and validation.

c. Experimental data extractionAnalysis of a foliage penetration data collected by ARL at Ka-band to extract foliage attenuation and ground reflectivity for two forest stands (coniferous and deciduous). 

d. Applications of the Foliage model 
i. Synthetic Data Generation: generation of sample data for extraction of field statistics as a function of aspect angle, frequency, and spatial variables.

ii. Demonstration of application of time reversal method for achieving super-resolution imaging and field focusing for secure communications. 

e. Inverse Models

i. Application of frequency correlation function for estimation forest parameters. The application of this method is demonstrated for stepped frequency systems and can be used to extract tree height, crown height, and foliage attenuation (foliage channel characterization). This will allow a first order correction for the effect of foliage on the target signature.
ii. Application of time-reversal approach. An iterative method is proposed. The forward model is examined, super-resolution is demonstrated.
f. Physics-based model for urban environment

i. A ray-tracing code specialized for indoor-outdoor wave propagation in urban environment with applications in target detection is developed.
ii. preliminary results are obtained for through-wall imaging using an array transceivers
g. Model verification

i. A scaled W-band system is demonstrated for hard target scattering model verification

4. Detail what the specific research goals and objectives would be, if the program was extended for two additional years.

a. Generation of multi-modal radar data (multi-look angle, multi-frequency, bistatic, multi-baseline interferometric, and tomographic)  in close collaboration with signal processing and sensor management team

b. Model verification: 

i. We have started a collaborative project with GD to verify the foliage and foliage-target model. GD has received a contract from government to carry out an extensive foliage penetration controlled experiment with a wideband X-band boom SAR. We will use these data for model verification. 
ii. The application of a scaled model and measurements at W-band
c. Enhancement of physics-based models 

d. Demonstration of recursive TRM for foliage covered target detection

e. Further examination of frequency correlation function in extraction of forest parameters.

f. Demonstration of through-wall imaging using a recursive TRM.
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