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A. SUMMARY OF CREDENTIALS

e Director, University-Industry Engineering Research Center (UIERC)

e Full Professor, Electrical & Computer Engineering, Computer Science,
Bioengineering, University of Illinois at Chicago

e Consulting and Technical Services, Over 30 Companies

e Deputy Editor-in-Chief, IEEE Transactions on Circuits and Systems for Video

Technology

Area Editor, Special Issues, IEEE Signal Processing Magazine

Guest Editor, 3 Special Issues (2 IEEE Transactions)

Associate Editor, 4 IEEE Transactions

Editorial Board, 4 Journals (1 IEEE Magazine)

Member, 4 IEEE Technical Committees

Member, ANSI/UL Standards Technical Panel

Chair, 3 International Conferences (2 IEEE Conferences)

Organizing Committee, 7 Conferences (5 IEEE Conferences)

Presenter, 3 Plenary Talks at International Conferences (1 IEEE Conference)

Author, Over 170 Technical Papers

Co-Author and Advisor, 3 Best Student Paper Awards

Advisor, 7 Doctoral and 8 Masters Thesis Students Graduated

Inventor, 4 Patents (2 Issued)

Funding, Over $2 Million in Research Grants

Instructor, Over 20 Different Undergraduate and Graduate Courses
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C. RESEARCH INTERESTS

Multi-Dimensional Signal Processing; Image and Video Analysis; Computer Vision; and Genomic
Signal Processing.

D. SIGNIFICANT RESEARCH ACCOMPLISHMENTS

D.1. Morphological Image Analysis

We have been working in the area of mathematical morphology since the mid-1980s. In the course of
our work, we have solved several fundamental problems in morphological image analysis. Our initial
work was devoted to image restoration using morphological filters. We proved that the alternating
sequential filter is the optimal morphological filter for image restoration. The proof introduced a new
approach to optimization of nonlinear filters and solved a fundamental problem which had been posed
several decades earlier. We later provided an analytical solution to the fundamental open problem of
characterization of the optimal structuring element (window) in morphological image analysis.

We have also addressed the problem of morphological representation and skeletonization. We presented
a unified approach to image representation and demonstrated its relation to the medial axis transform
which is used for pattern recognition and image coding. We also established necessary and sufficient
conditions for the invertibility of image representations and determined the optimal skeleton for image
coding. We finally investigated the robustness of the skeleton to noise degradation and used random set
theory and stochastic geometry to prove that redundancy in skeleton representations is beneficial in low-
noise environments, whereas sparsity provides superior performance in high-noise systems.

More recently, we have focused on the topic of spatially-variant and adaptive morphological image
analysis. We demonstrated a dramatic improvement in the performance of skeletons for pattern
recognition and image coding as well as image restoration by using an adaptive structuring element
(window). We later introduced a theoretical foundation for a new approach to morphological image
analysis based on spatially-varying structuring elements (windows) and illustrated the enormous
improvement of this theory over classical methods in image analysis.

We have also presented several important practical solutions to various image processing applications.
For instance, we have developed an algorithm for the implementation of morphological operations
represented as thresholded linear convolution based on FFTs (Image Processing Toolbox of MATLAB,
The MathWorks).

D.2. Video Tracking




In the late-1990s, we started to work in the area of video tracking. Our initial focus was on tracking in
the compressed domain. We showed that we can exploit the structure of coded video sequences —
motion vectors in MPEG-2 (HDTV) — to provide efficient target tracking in the compressed domain and
thus improve the computational speed more than 4,000 times. We later extended the approach to an
adaptive block matching algorithm for real-time video tracking. The proposed approach to video
tracking on raw image sequences provides speed that is more than 10 times faster than previous methods
for video tracking. The algorithm has been presented in consumer shows and incorporated into the
software suite of the MiMagic Associate Processor Array (APA) by NeoMagic Corporation (two patents
have been filed and issued on the adaptive block matching algorithm).

In the past few years, we have concentrated on the use of particle filtering for video tracking. We
showed both theoretically and experimentally that we can achieve a dramatic improvement in the
computational speed by using motion-based particle filters to reduce the number of particles required for
efficient tracking from 1,000-4,000 down to 30-50 particles. We proposed techniques to improve the
efficiency and accuracy of particle filters by adaptively determining the mean and covariance of the
proposal (importance) density function. We finally derived a closed-form solution based on rate-
distortion theory for particle allocation among multiple frames and objects for video tracking.

Our main focus on video tracking has been devoted to distributed tracking. We proposed a method for
decomposition of graphical models used for the representation of the interaction among multiple objects
and cameras in image sequences. We then derived a distributed particle filter for multiple object tracking
based on statistical collaboration among interactive particle filters. The proposed approach can be used
track occluded objects while its complexity grows linearly with the number of targets (compared to the
exponential growth in computational complexity of methods that rely on joint representations). We
have extended the approach to distributed particle filtering to tracking using multiple networked cameras
as well as articulated object tracking by collaboration within units (e.g. hand and forearm) and among
units (e.g. arm and leg) (two patents have been filed on the distributed particle filter algorithm).

D.3. Video Search and Retrieval

In the early 2000s, we began to work on retrieval and recognition in video databases. One of the key
problems in video analysis is segmentation of image sequences into coherent visual scenes. We
introduced statistical change detection theory to solve the classical problem of scene change detection in
video sequences. This approach has been shown to yield far superior results for this fundamental
problem for videos with both special effects and abrupt changes alike. It provides a single algorithm for
scene change detection and avoids the need to use different methods for distinct special effects.

Since 2003, we focused on retrieval and recognition based on motion trajectories in video and sensor
databases. We first proposed a framework based on principal component analysis for indexing and
retrieval of segmented motion trajectories in video databases. We then extended the use of hidden
Markov models from speech recognition to address the problem of motion trajectory classification in
video sequences. We later adapted tools from shape analysis to address the problem of view-invariance
of motion trajectories for unknown and moving cameras. We finally proposed a new approach to view-
invariance based on a null-space representation of motion trajectory information.

In the past few years, we have focused primarily on retrieval and recognition of motion events in video
and sensor databases characterized by multiple interactive motion trajectories. We first presented an
approach to multiple motion trajectory indexing and retrieval based on tensor decomposition. We later
provided an efficient method for extraction and insertion of partial information in video database used
for multiple motion trajectory representation based on high-order singular value decomposition of



tensors. We also extended the null-space representation to tensors for view-invariant indexing and
retrieval of multiple motion trajectories from unknown and moving cameras.

We finally provided a solution to classification and recognition of multiple interactive motion
trajectories by deriving an extension of hidden Markov models to multiple dimensions. We provided a
closed-form solution for the training and classification — general forward-backward, expectation-
maximization, and Viterbi algorithms — for multiple dimensions in a causal system. We then presented
an approach to multiple motion trajectory classification based on distributed multi-dimensional hidden
Markov models for non-causal systems.

D.4. Genomic Signal Processing

Over the past few years, we have begun to work in the area of genomic and proteomic signal processing.
Our aim thus far has been to address fundamental problems in system biology by using tools from signal
processing and communications. We proposed a model of protein evolution as a communication system
represented by a Markov chain and proved that it will converge to a probability distribution of amino
acids that matches nearly perfectly the natural abundance of amino acids in nature. We further
investigated the capacity and rate-distortion bounds of the protein communication model and showed it
is consistent with an evolutionary pattern whereby the size of introns increases through time.

We also addressed the rationale for the presence of introns (junk DNA) in the genomic sequence by
hypothesizing that introns serve as decoys that reduce the effect of mutations in gene expression. We
showed that the exon length distribution that minimizes the probability of error due to mutations yields a
long-tail density that is nearly identical to the histogram of exon lengths among eukaryotes. We finally
investigated the statistical structure of genomic sequences and showed that coding and non-coding
segments of the DNA can be distinguished by a measure of randomness defined based on tools from
non-stationary analysis.
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2005

Member

NSF Review Panel

Small Business Innovation Research (SBIR) Program
Robotics 11

Phase I

2005

Member



NSF Review Panel

Computer & Information Science & Engineering (CISE)
Advanced Networking Infrastructure and Research (ANIR)
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Held in conjunction with the IEEE International Conference on Data Mining (ICDM)
Pisa, Italy

2008

Chair

SPIE International Conference on Visual Communications and Image Processing
San Jose, California

2007

Technical Organizing Committee

IS&T/SPIE Annual Symposium on Electronic Imaging: Science and Technology
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San Diego, California

2008
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San Jose, California

2005

Chair

INPT/ASME International Conference on Communications, Signals and Systems
Session on Signals and Data

Rabat, Morocco

2001

Chair
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IEEE International Conference on Image Processing
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[2]
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vol. 18, pp. 1469-1472, 2008.

D. Schonfeld, “Perspectives on special issues,” IEEE Signal Processing Magazine, vol. 26, issue
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K.A. Matkowskyj, D. Schonfeld, and R.V. Benya, “Quantitative immunohistochemistry by
measuring cumulative signal strength using commercially available software Photoshop and
Matlab,” The Journal of Histochemistry & Cytochemistry, vol. 48(2), pp. 303-311, 2000.
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Department of Electrical & Computer Engineering
University of Illinois at Chicago

1998—2003; 2005—Present

Departmental Web Committee

Department of Electrical & Computer Engineering
University of Illinois at Chicago

2000—~Present

Chair of the Departmental Communications and Networks Curriculum Subcommittee
of the Undergraduate and Graduate Committee

Department of Electrical & Computer Engineering

University of Illinois at Chicago

2001—2002

Chair of the Departmental Communications and Networks Curriculum Subcommittee
of the Graduate Committee

Department of Electrical & Computer Engineering

University of Illinois at Chicago

2004

Departmental Communications and Networking Curriculum Subcommittee
of the Undergraduate and Graduate Committee

Department of Electrical & Computer Engineering

University of Illinois at Chicago

2001—2002; 2004

Departmental Computer Engineering Curriculum Subcommittee
of the Undergraduate and Graduate Committee

Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1998—2002

Departmental Electrical Engineering Curriculum Subcommittee
of the Undergraduate and Graduate Committee

Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1996—2000

Departmental Imaging Curriculum Subcommittee
of the Undergraduate and Graduate Committees



Department of Electrical Engineering & Computer Science
University of Illinois at Chicago
1993—1993

Departmental Masters of Engineering Program Subcommittee
of the Graduate Committee

Department of Electrical & Computer Engineering

University of Illinois at Chicago

2005

Departmental Multimedia Curriculum Subcommittee
of the Undergraduate and Graduate Committees
Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

2005

Departmental Networking Curriculum Subcommittee
of the Undergraduate and Graduate Committees
Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1999—2000; 2005

Departmental Signal Processing and Communications Curriculum Subcommittee
of the Undergraduate and Graduate Committees

Department of Electrical Engineering & Computer Science

University of Illinois at Chicago

1991

Departmental Signals and Systems Curriculum Subcommittee
of the Graduate Committee

Department of Electrical & Computer Engineering

University of Illinois at Chicago

2004

Departmental Student Cheating Policy Subcommittee
of the Undergraduate Committee

Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1999—1999

Departmental Teaching Assistant Assignment Subcommittee
of the Undergraduate Committee

Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1996—1997

Departmental Teaching Assistant Award Subcommittee
of the Scholarship Committee

Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1994—1994



P.5. Qualifier Committees

Chair of Departmental Communication Qualifier Committee
Department of Electrical & Computer Engineering

University of Illinois at Chicago

2003—2004

Chair of Departmental Computer Communication Network Qualifier Committee
Department of Electrical & Computer Engineering

University of Illinois at Chicago

2002—2003; 2005

Chair of Departmental Signal Processing Qualifier Committee
Department of Electrical & Computer Engineering

University of Illinois at Chicago

1991—1995; 2001; 2002; 2009—Present

Departmental Communication Qualifier Committee
Department of Electrical & Computer Engineering
University of Illinois at Chicago

1997—2004

Departmental Computer Communication Networks Qualifier Committee
Department of Electrical & Computer Engineering

University of Illinois at Chicago

2002—2005

Departmental Computer Vision Qualifier Committee
Department of Electrical Engineering & Computer Science
University of Illinois at Chicago

1993—2001

Departmental Signal Processing Qualifier Committee
Department of Electrical & Computer Engineering
University of Illinois at Chicago

1991—2001; 2004—Present

P.6. Research Laboratories and Centers

Director of the University-Industry Engineering Research Center (UIERC)
College of Engineering

University of Illinois at Chicago

2008—~Present

Co-Director of the Multimedia Communications Laboratory (MCL)
Department of Electrical & Computer Engineering

University of Illinois at Chicago

1997—Present



Departmental Signal and Image Research Laboratory (SIRL)
Department of Electrical & Computer Engineering

University of Illinois at Chicago

1991—2002

Q. TEACHING ACTIVITIES

Q.1. The Johns Hopkins University

ECE 137
Digital Signals and Systems
Fall 1987

ECE 137
Digital Signals and Systems
Fall 1988

ECE 137

Digital Signals and Systems
Fall 1989

Q.2. University of lllinois at Chicago

EECS 212
Signal Processing
Fall 1990

EECS 212
Signal Processing
Winter 1991

EECS 416
Advanced Topics in Digital Signal Processing
Spring 1991

EECS 417
Digital Signal Processing
Fall 1991

EECS 554
Estimation Theory
Fall 1991

EECS 311
Communication Engineering
Spring 1992



EECS 554
Estimation Theory
Fall 1992

EECS/ BioE 479
Real-Time Data Processing
Spring 1993

EECS/ BioE 479
Real-Time Data Processing
Fall 1993

EECS 516
Optimal and Adaptive Digital Filters
Fall 1993

EECS 517
Image Processing
Spring 1994

EECS/ BioE 479
Real-Time Data Processing
Fall 1994

EECS 517
Image Processing
Spring 1995

EECS 531
Detection and Estimation Theory
Spring 1995

EECS / BioE 479
Real-Time Data Processing
Fall 1995

EECS 517
Image Processing
Spring 1996

EECS 531
Detection and Estimation Theory
Spring 1996

EECS 530
Statistical Communication Theory
Fall 1996

EECS 517
Image Processing
Spring 1997



EECS / BioE 407
Pattern Recognition
Fall 1997

EECS 530
Statistical Communication Theory
Fall 1997

EECS / BioE 407
Pattern Recognition
Spring 1998

EECS 517
Image Processing
Spring 1998

EECS 517

Image Processing
Motorola Campus
Spring 1998

EECS 171
Introduction to Programming
Summer 1998

EECS 516
Optimal and Adaptive Digital Filters
Fall 1998

EECS 530

Statistical Communication Theory
Motorola Campus

Fall 1998

EECS 418
Digital Signal Processing Il
Spring 1999

EECS 517
Image Processing
Spring 1999

EECS 531

Detection and Estimation Theory
Motorola Campus

Spring 1999

EECS 171
Introduction to Programming
Summer 1999



EECS 417
Digital Signal Processing |
Fall 1999

EECS 491
Multimedia Communication Networks
Spring 2000

EECS 311
Communication Engineering
Summer 2000

EECS 491

Multimedia Communication Networks
Internet Course (Preparation)

Fall 2000

EECS 516
Optimal and Adaptive Digital Filters
Fall 2000

EECS 531
Detection and Estimation Theory
Fall 2000

EECS 491

Multimedia Communication Networks
Internet Course

Spring 2001

EECS 517
Image Processing
Spring 2001

EECS 171
Introduction to Programming
Summer 2001

ECE 516
Optimal and Adaptive Digital Filters
Fall 2001

ECE 531
Detection and Estimation Theory
Fall 2001

ECE 434

Multimedia Communication Networks
Internet Course

Spring 2002



ECE 517
Image Processing
Spring 2002

CS 102
Introduction to Programming
Summer 2002

ECE 433
Computer Communication Networks
Fall 2002

ECE 434
Multimedia Communication Networks
Fall 2002

ECE 333

Computer Communication Networks
Laboratory (Preparation)

Spring 2003

ECE 311
Communication Engineering
Fall 2003

ECE 434
Multimedia Communication Networks
Fall 2003

ECE 517
Image Processing
Spring 2004

ECE 434
Multimedia Communication Networks
Fall 2004

ECE 516
Optimal and Adaptive Digital Filters
Fall 2004

ECE 517
Image Processing
Spring 2005

ECE 311
Communication Engineering
Summer 2005

ECE 434



Multimedia Communication Systems
Fall 2005

ECE 516
Optimal and Adaptive Digital Filters
Fall 2005

ECE 517
Image Processing
Spring 2006

ECE 311
Communication Engineering
Summer 2006

ECE 434
Multimedia Communication Systems
Fall 2006

ECE 516
Optimal and Adaptive Digital Filters
Fall 2006

ECE 531
Detection and Estimation Theory
Spring 2007

ECE 311
Communication Engineering
Summer 2007

ECE 434
Multimedia Communication Systems
Fall 2007

ECE 516
Optimal and Adaptive Digital Filters
Fall 2007

ECE 531
Detection and Estimation Theory
Spring 2008

ECE 434
Multimedia Communication Systems
Fall 2008

ECE 516
Optimal and Adaptive Digital Filters
Fall 2008



ECE 530
Random Signal Analysis
Spring 2009

ECE 517

Image Processing
Fall 2009
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