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Sunday, August 26
13:30 - 15:00

Tutorial: Genomic Signal Processing: Issues in 
Engineering Molecular Medicine

Tutorial: Sensor Networks and Data Fusion
15:00 - 15:30

Coffee Break
15:30 - 17:00

Tutorial: Information Security: How Ugly Can 
It Be?

Tutorial: Compressed Sensing
17:30

Reception

 Monday, August 27
08:00 - 09:00

Breakfast
09:00 - 10:00

Plenary: Nir Friedman, Hebrew University, 
Israel

10:00 - 10:30
Coffee Break

10:30 - 12:30
Special Session: Genomic Signal Processing I
Special Session: Genomic Signal Processing II
Detection and Estimation Theory I
Monte Carlo Methods I
Adaptive Systems and Signal Processing

12:30 - 14:00
Lunch

14:00 - 15:00
Plenary: Richard J. Davidson, Director, 

Laboratory for Affective Neuroscience, 
University of Wisconsin

15:00 - 15:30
Coffee Break

15:30 - 17:30
Special Session: Statistical Signal Processing 

Methods for Study of the Brain
Special Session: Signal Processing for Security
Biosignal Processing and Medical Imaging
Bioinformatics and Genomic Signal Processing
Detection and Estimation Theory II
Monte Carlo Methods II

18:00 - 21:00
Banquet

 Tuesday, August 28
08:00 - 09:00

Breakfast
09:00 - 10:00

Plenary: Emmanuel Candes, California Institute 
of Technology

10:00 - 10:30
Coffee Break 	

10:30 - 12:30
Special Session: Compressed Sensing 	
Special Session: Time Reversal 	
New Methods, Directions and Applications 	
Sensor Networks I 	
Communication Systems and Networks I 	
Array Processing, Radar and Sonar I 	

12:30 - 14:00
Lunch 	

14:00 - 15:00
Plenary: William T. Freeman, Massachusetts 

Institute of Technology 	
15:00 - 15:30

Coffee Break
15:30 - 17:30

Special Session: Cross-Cutting Research in 
Array Signal Processing for Radar and 
Communications 	

Special Session: Imaging and Computer 
Vision 	

Communication Systems and Networks II 	
Array Processing, Radar and Sonar II 	
Statistical Image Analysis and Imaging 	
Learning Theory and Pattern Recognition I

Wednesday, August 29
08:00 - 09:00

Breakfast 	
09:00 - 10:00

Plenary: Jelena Kovacevic, Carnegie Mellon 
University 	

10:00 - 10:30
Coffee Break 	

10:30 - 12:30
Special Session: Sensor Networks 	
Sensor Networks II 	
Time-Frequency and Time-Scale Analysis 	
System Identification and Calibration 	
Learning Theory and Pattern Recognition II

Program Overview
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Welcome to Madison and the 2007 IEEE Workshop on Statistical Signal Processing

Welcome to the 14th IEEE Workshop on Statistical Signal Processing.  This year’s workshop includes a superb 
collection of contributed papers, together with several special sessions on cutting-edge topics.  The Technical 
Program Chairs, Richard Baraniuk and Akbar Sayeed, did a wonderful job in putting together a stimulating 
program.

In addition to the sessions, we would like to draw your attention to several other workshop highlights.  We have 
lined up five exciting keynote lectures, on topics ranging from compressed sensing to computational biology.  In 
addition, tutorial lectures will be offered by top experts in the areas of genomic signal processing, compressed 
sensing, sensor networks and data fusion, and information security.  

We would like to acknowledge the support of the National Science Foundation, the Directorate of National 
Intelligence, and the Army Research Office. The funds contributed by these agencies have helped to make the 
workshop a success. In particular, the funds provided travel support to students, making the workshop more 
accessible to the next generation of our field.

We would also like to thank the other members of the workshop Organizing Committee,

Patrice Abry, Mark Coates, Yu Hen Hu, Ilya Pollak, Barry Van Veen, and Rebecca Willett, along with the 
members of the Technical Program Committee, who donated their valuable time and expertise to make this a 
great workshop.

We hope you enjoy the workshop!

Rob Nowak and Hamid Krim

General Chairs
IEEE SSP Workshop 2007

Welcome
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General Co-Chairs
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Finances
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Keynote Speakers

Monday, August 27, 09:00 - 10:00

High-Resolution Mapping of Chromatin 
Dynamics in Yeast
Nir Friedman, Hebrew University

Location: Lecture Hall

Abstract
One of the central questions in molecular biology is 
understand the mechanisms regulating the expression 
of genes. The advances in technology that allow to 
measure gene expression in a genome-wide manner 
open the door for understanding how the “usage 
instruction” for transcription are encoded in regulatory 
DNA sequences surrounding the gene and how these 
sequences effect the binding of transcription factors that 
modulate expression. A less understood, yet crucial, 
aspect of all processes that involve DNA is chromatin 
--- the protein complex around which DNA is packed 
inside eukaryotic cells. The chromatin has been under 
much scrutiny in the recent years, with results that 
show that chromatin can be modified to store epigentic 
information that marks different regions of the DNA 
and can change in response to the state of the cell. 
In this talk I will describe ongoing investigation to 
examine chromatin state as coded by 12 covalent 
modifications to chromatin proteins and the dynamics 
in terms of turnover rates in a genome-wide manner 
using high-resolution tiling arrays. I will discuss the 
implications of these results on the information encoded 
by the chromatin state and the interplay between these 
modifications and transcription.

Monday, August 27, 14:00 - 15:00

Order and disorder in the emotional brain
Richard Davidson, University of Wisconsin-Madison

Location: Lecture Hall

Abstract
This talk will provide an overview of recent research 
from my laboratory on the fundamental nature of 
affective style and the role of emotion regulation 
in modulating affective style. Basic research on the 
brain mechanisms underlying both normal forms of 
emotional regulation will be presented that illustrate 
how individual differences in the neural correlates of 

emotion regulation are associated with downstream 
peripheral biological indices that may be relevant to 
health. Abnormalities in emotion regulation in both 
mood disorders and autism will also be featured. The 
talk will end with research on the role of mental training 
and plasticity that raises the important possibility 
that affective style can be transformed in a positive 
direction and that such transformation is associated 
with systematic changes in the brain.

Richard J. Davidson, Ph.D is William James and 
Vilas Research Professor of Psychology and Psychiatry 
and Director, W.M. Keck Laboratory for Functional 
Brain Imaging and Behavior at the University of 
Wisconsin-Madison. He received his doctorate from 
Harvard University in psychology and has been at 
Wisconsin since 1984. Davidson is internationally 
renowned for his research on the neural substrates of 
emotion and emotional disorders. He is the recipient 
of numerous awards for his research including a 
National Institute of Mental Health Research Scientist 
Award, a MERIT Award from NIMH, an Established 
Investigator Award from the National Alliance for 
Research in Schizophrenia and Affective Disorders 
(NARSAD), the William James Fellow Award from 
the American Psychological Society, and the Hilldale 
Award from the University of Wisconsin-Madison. He 
was the 1997 Distinguished Scientific Lecturer for the 
American Psychological Association. He served as a 
Core Member of the MacArthur Foundation Research 
Network in Mind-Body Interaction, is currently a 
Core Member of the MacArthur Foundation Mind-
Brain-Body and Health Initiative and a member of the 
Board of Scientific Counselors, NIMH. In 2001-02 he 
served on the National Academy of Science Panel to 
evaluate the validity of the polygraph. He was the year 
2000 recipient of the most prestigious award given by 
the American Psychological Association for lifetime 
achievement-the Distinguished Scientific Contribution 
Award. He has published more than 150 articles, many 
chapters and reviews and edited 12 books.
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Keynote Speakers

Tuesday, August 28, 09:00 - 10:00

Compressive Sampling
Emmanuel Candes, California Institute of 

Technology

Location: Lecture Hall

Abstract
Conventional wisdom and common practice in 
acquisition and reconstruction of images from 
frequency data follow the basic principle of the Nyquist 
density sampling theory.  This principle states that to 
reconstruct an image, the number of Fourier samples 
we need to acquire must match the desired resolution 
of the signal or image, i.e. the number of samples in the 
signal or pixels in the image.  This talk will survey an 
emerging theory that goes by the name of “compressive 
sampling” and which says that this conventional 
wisdom is inaccurate. Perhaps surprisingly, it is 
possible to reconstruct signals and images of scientific 
interest accurately and sometimes even exactly from 
a number of samples far smaller than the desired 
resolution Compressive sampling has far reaching 
implications. For example, it suggests the possibility 
of new data acquisition protocols that translate analog 
information into digital form with fewer sensors than 
what was considered necessary. This new sampling 
theory may come to underlie procedures for sampling 
and compressing data simultaneously. In this talk, we 
will provide some of the key mathematical insights 
underlying this new theory, and explain some of the 
interactions between compressive sampling and other 
fields such as statistics, information theory, coding 
theory, and theoretical computer science.

Emmanuel Candes received his B.Sc. degree from 
Ecole Polytechnique (France) in 1993, and the Ph.D. 
degree in statistics from Stanford University in 
1998. He is the Ronald and Maxine Linde Professor 
of Applied and Computational Mathematics at the 
California Institute of Technology. Prior to joining 
Caltech, he was an Assistant Professor of Statistics at 
Stanford University (‘98-’00). His research interests 
are in computational harmonic analysis, multiscale 
analysis, approximation theory, statistical estimation, 
and detection, with applications to the imaging sciences, 
signal processing, scientific computing, and inverse 
problems. Other topics of interest include theoretical 

computer science, mathematical optimization, and 
information theory. Dr. Candes received the Third 
Popov Prize in Approximation Theory in 2001, and 
the DOE Young Investigator Award in 2002. He was 
selected as an Alfred P. Sloan Research Fellow in 
2001. He co-authored a paper that won the Best Paper 
Award of the European Association for Signal, Speech, 
and Image Processing (EURASIP) in 2003. He was 
selected as the main lecturer at the NSF-sponsored 
29th Annual Spring Lecture Series in the Mathematical 
Sciences in 2004 and as the Aziz Lecturer in 2007. He 
has also given plenary addresses at major international 
conferences. In 2005, he was awarded the James H. 
Wilkinson Prize in Numerical Analysis and Scientific 
Computing by SIAM. Finally, he is the recipient of 
the 2006 Alan T. Waterman Medal awarded by the US 
National Science Foundation.

Tuesday, August 28, 14:00 - 15:00

The coded aperture camera and the 
random camera
William Freeman, Massachusetts Institute of 

Technology

Location: Lecture Hall

Abstract
I’ll describe two rather unconventional cameras. (1) The 
coded aperture camera is a conventional SLR camera 
but with a coded pattern of holes in the aperture.  This 
gives a depth-dependent blur kernel which we design 
to be easy to identify.  Using a sparse image prior, we 
can estimate, from the captured image, both an all-
focus image and (roughly) the depth everywhere. (2) 
The “random camera” has randomly placed mirrors 
replacing the lens in a handheld camera.  Machine 
learning methods are critical for both camera calibration 
and image reconstruction from the sensor data. We 
develop the theory and compare two different methods 
for calibration and reconstruction: an MAP approach, 
and basis pursuit from compressive sensing.  We 
show proof-of-concept experimental results, showing 
successful calibration and image reconstruction.  We 
illustrate the potential for super-resolution and 3D 
imaging.
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Joint work with Anat Levin, Rob Fergus, Fredo Durand, 
and Antonio Torralba

William T. Freeman is Professor of Electrical 
Engineering and Computer Science at the Computer 
Science and Artificial Intelligence Laboratory (CSAIL) 
at MIT, joining the faculty in 2001. From 1992 - 2001 he 
worked at Mitsubishi Electric Research Labs (MERL), 
in Cambridge, MA, most recently as Sr. Research 
Scientist and Associate Director. He studied computer 
vision for his PhD in 1992 from the Massachussetts 
Institute of Technology, and received a BS in physics 
and MS in electrical engineering from Stanford in 
1979, and an MS in applied physics from Cornell in 
1981. His current research interests include machine 
learning applied to computer vision, Bayesian models 
of visual perception, and computational photography. 
In 1997, he received the Outstanding Paper prize 
at the Conference on Computer Vision and Pattern 
Recognition for work on applying bilinear models to 
“separating style and content”. Previous research topics 
include steerable filters and pyramids, the generic 
viewpoint assumption, color constancy, and computer 
vision for computer games. He holds 25 patents. From 
1981 - 1987, he worked at the Polaroid Corporation . 
There he co-developed an electronic printer (Polaroid 
Palette) , and developed algorithms for color image 
reconstruction which are used in Polaroid’s electronic 
camera . In 1987-88, Dr. Freeman was a Foreign Expert 
at the Taiyuan University of Technology , P. R. of 
China. Dr. Freeman was an Associate Editor of IEEE 
Trans. on Pattern Analysis and Machine Intelligence 
(IEEE-PAMI), and a member of the IEEE PAMI TC 
Awards Committee. He is active in the program or 
organizing committees of Computer Vision and Pattern 
Recognition (CVPR), the International Conference 
on Computer Vision (ICCV), Neural Information 
Processing Systems (NIPS), and SIGGRAPH. He was 
the program co-chair for ICCV 2005.

Wednesday, August 29, 09:00 - 10:00

Problems in Biological Imaging: 
Opportunities for Signal Processing
Jelena Kovačević, Carnegie Mellon University

Location: Lecture Hall

Abstract
The question I would like to help answer is: What is the 
role and what can imaging do for systems biology?

In recent years, the focus in biological sciences has 
shifted from understanding single parts of larger 
systems, sort of vertical approach, to understanding 
complex systems at the cellular and molecular levels, 
horizontal approach. Thus the revolution of “omics” 
projects, genomics and now proteomics. Understanding 
complexity of biological systems is a task that requires 
acquisition, analysis and sharing of huge databases, 
and in particular, high-dimensional databases. For 
example, in the current project on location proteomics, 
the fluorescence microscopy data sets can have a 
dimension as high as 5: two spatial dimensions, z-stacks, 
time series and different-color channels (different color 
probes for different proteins). Processing such huge 
amount of bioimages visually by biologists is inefficient, 
time-consuming and error-prone. Therefore, we would 
like to move towards automated, efficient and robust 
processing of such bioimage data sets. Moreover, some 
information hidden in the images may not be readily 
visually available. Thus, we do not only help humans 
by using sophisticated algorithms for faster and more 
efficient processing but also because new knowledge is 
generated through use of such algorithms.

The ultimate dream is to have distributed yet integrated 
large bioimage databases which would allow researchers 
to upload their data, have it processed, share the data, 
download data as well as platform-optimized code, etc, 
and all this in a common format, something akin to the 
DICOM format for clinical imaging.

To achieve this goal, we must draw upon a whole host 
of sophisticated tools from signal processing, machine 
learning and scientific computing. While such tools are 
widely present in clinical (medical) imaging, they are 
not as widespread in imaging of biological systems at 

Keynote Speakers
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cellular and molecular levels. This is a huge challenge 
and requires integration of interdisciplinary teams.

  I will address some of these issues in this presentation, 
especially those where signal processing expertise can 
play a significant role.

Jelena Kovačević is a Professor of Biomedical 
Engineering and Electrical and Computer Engineering 
and the Director of the Center for Bioimage Informatics 
at Carnegie Mellon University. Her research interests 
include bioimaging as well as multiresolution techniques 
such as wavelets and frames. She received the Dipl. 
Electr. Eng. degree from the EE Department, Univ. of 
Belgrade, Yugoslavia, in 1986, and the MS and PhD 
degrees from Columbia Univ., New York, NY, in 1988 
and 1991, respectively. From 1991-2002, she was with 
Bell Labs, Murray Hill, NJ. She was a co-founder and 
Technical VP of xWaveforms, based in New York City, 
NY. She was also an Adjunct Professor at Columbia 
Univ. In 2003, she joined Carnegie Mellon Univ. She 
is a Fellow of the IEEE and a coauthor (with Martin 
Vetterli) of the book Wavelets and Subband Coding 
(Englewood Cliffs, NJ: Prentice Hall, 1995). She co-
authored the paper for which Aleksandra Mojsilović 
received the Young Author Best Paper Award. Her 
paper on multidimensional filter banks and wavelets 
(with Martin Vetterli) was selected as one of the 
Fundamental Papers in Wavelet Theory. She received 
the Belgrade October Prize in 1986 and the E.I. Jury 
Award at Columbia Univ. in 1991. She was the Editor-
in-Chief of the IEEE Trans. on Image Processing. She 
served as an Associate Editor of the IEEE Trans. on 
Signal Processing, as a Guest Co-Editor (with Ingrid 
Daubechies) of the Special Issue on Wavelets of the 
Proceedings of the IEEE, Guest Co-Editor (with Martin 
Vetterli) of the Special Issue on Transform Coding of 
the IEEE Signal Processing Magazine and Guest Co-
Editor (with Robert F. Murphy) of the Special Issue on 
Molecular and Cellular Bioimaging of the IEEE Signal 
Processing Magazine.  She is/was on the Editorial Boards 
of the Foundations and Trends in Signal Processing, 
SIAM book series on Computational Science and 
Engineering, Journ. of Applied and Computational 
Harmonic Analysis, Journ. of Fourier Analysis 
and Applications and the IEEE Signal Processing 
Magazine. From 2000-2002, she served as a Member-
at-Large of the IEEE Signal Processing Society Board 

of Governors. She is the Chair of the Bio Imaging and 
Signal Processing Technical Committee. She was the 
General Chair of ISBI 06, General Co-Chair (with 
Vivek Goyal) of the DIMACS Workshop on Source 
Coding and Harmonic Analysis and General Co-Chair 
(with Jan Allebach) of the Ninth IMDSP Workshop. 
She is/was a plenary/keynote speaker at  the Statistical 
Signal Processing Workshop 07, Wavelet Workshop 
06, NORSIG 06, ICIAR 05, Fields Workshop 05, DCC 
98 as well as SPIE 98.

Keynote Speakers
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Tutorials

Sunday, August 26, 13:30 - 15:00

Genomic Signal Processing: Issues in 
Engineering Molecular Medicine
Edward R. Dougherty, Texas A&M University

Location: Hall of Ideas E

Abstract
Systems medicine aims at basing diagnosis and 
treatment on a systems level understanding of molecular 
interaction, both intra-and inter-cellular. Ultimately, 
the enterprise rests on characterizing the interaction of 
the macromolecules constituting cellular machinery. 
Genomics, a key driver in this enterprise, involves the 
study of large sets of genes and proteins, with the goal 
of understanding systems, not simply components. 
In this vein, Genomic Signal Processing (GSP) has 
been defined as the analysis, processing, and use of 
genomic signals for gaining biological knowledge 
and the translation of that knowledge into systems-
based applications. The major goal of translational 
genomics is to characterize genetic regulation, and 
its effects on cellular behaviour and function, thereby 
leading to a functional understanding of disease and 
the development of systems-based medical solutions. 
A related goal is to discover families of genes whose 
products (messenger RNA and protein) can be used to 
classify disease, thereby leading to molecular-based 
diagnosis and prognosis. GSP requires the development 
and use of novel models and methods specifically 
designed to capture the biological mechanisms of 
operation and distributed regulation at work within the 
cell. In particular, it is necessary to develop nonlinear 
dynamical models that adequately represent genomic 
regulation and to develop mathematically grounded 
diagnostic and therapeutic tools based on these models.  
This talk discusses the relation of GSP to translational 
genomics, the current level of understanding, research 
goals, key obstacles to overcome, and the central role 
that signal processing and related engineering disciplines 
will play in molecular-based systems medicine.

Edward R. Dougherty is a Professor in the Department 
of Electrical Engineering at Texas A&M University in 
College Station, Tex, Director of the Genomic Signal 
Processing Laboratory at Texas A&M University, and 
Director of the Computational Biology Division of the 
Translational Genomics Research Institute in Phoenix, 

Ariz. He holds a Ph.D. degree in mathematics from 
Rutgers University and an M.S. degree in Computer 
Science from Stevens Institute of Technology. He is 
the author of twelve books, Editor of five others, and 
author of more than one hundred and ninety journal 
papers. He is an SPIE Fellow, is a Recipient of the 
SPIE Presidents Award, and has served as an Editor 
of the Journal of Electronic Imaging for six years. He 
has contributed extensively to the statistical design 
of nonlinear operators for image processing and the 
consequent application of pattern recognition theory 
to nonlinear image processing. His current research is 
focused in genomic signal processing, with the central 
goal being to model genomic regulatory mechanisms 
for the purposes of diagnosis and therapy.

Sunday, August 26, 13:30 - 15:00

Information Security: How Ugly Can It Be?
Edward Delp, Purdue University

Location: Hall of Ideas F

Abstract
This talk will overview various aspects of security 
including basic data security (e.g. cryptography 
and authentication) and multimedia security (e.g. 
watermarking and data hiding). Applications including 
digital rights management (DRM), content protection, 
and device forensics will be described. Emphasis will 
be placed on both tutorial overviews and open research 
problems.

Edward J. Delp was born in Cincinnati, Ohio. He 
received the B.S.E.E. (cum laude) and M.S. degrees 
from the University of Cincinnati, and the Ph.D. degree 
from Purdue University. In May 2002 he received an 
Honorary Doctor of Technology from the Tampere 
University of Technology in Tampere, Finland. From 
1980-1984, Dr. Delp was with the Department of 
Electrical and Computer Engineering at The University 
of Michigan, Ann Arbor, Michigan. Since August 
1984, he has been with the School of Electrical and 
Computer Engineering and the School of Biomedical 
Engineering at Purdue University, West Lafayette, 
Indiana. In 2002 he received a chaired professorship 
and currently is The Silicon Valley Professor of 
Electrical and Computer Engineering and Professor of 
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Biomedical Engineering. His research interests include 
image and video compression, multimedia security, 
medical imaging, multimedia systems, communication 
and information theory. Dr. Delp has also consulted 
for various companies and government agencies in the 
areas of signal, image, and video processing, pattern 
recognition, and secure communications. He has 
published and presented more than 300 papers. Dr. Delp 
is a Fellow of the IEEE, a Fellow of the SPIE, a Fellow 
of the Society for Imaging Science and Technology 
(IS&T), and a Fellow of the American Institute of 
Medical and Biological Engineering. In 2004 he 
received the Technical Achievement Award from the 
IEEE Signal Processing Society for his work in image 
and video compression and multimedia security. He is a 
member of Tau Beta Pi, Eta Kappa Nu, Phi Kappa Phi, 
Sigma Xi, and ACM. From 1997-1999 he was Chair 
of the Image and Multidimensional Signal Processing 
(IMDSP) Technical Committee of the IEEE Signal 
Processing Society. From 1994-1998 he was Vice-
president for Publications of IS&T. He was Co-Chair of 
the SPIE/IS&T Conference on Security, Steganography, 
and Watermarking of Multimedia Contents that was 
held in January 1998-2006. Dr. Delp was the General 
Co-Chair of the 1997 Visual Communications and 
Image Processing Conference (VCIP) held in San Jose. 
He was Program Chair of the IEEE Signal Processing 
Society’s Ninth IMDSP Workshop held in Belize in 
March 1996. He was General Co-Chairman of the 
1993 SPIE/IS&T Symposium on Electronic Imaging. 
Dr. Delp was the Program Co-Chair of the IEEE 
International Conference on Image Processing that was 
held in Barcelona in 2003. From 1984-1991 Dr. Delp 
was a member of the editorial board of the International 
Journal of Cardiac Imaging. From 1991-1993, he was 
an Associate Editor of the IEEE Transactions on Pattern 
Analysis and Machine Intelligence. From 1992-1999 
he was a member of the editorial board of the journal 
Pattern Recognition. From 1994-2000, Dr. Delp was an 
Associate Editor of the Journal of Electronic Imaging. 
From 1996-1998, he was an Associate Editor of the 
IEEE Transactions on Image Processing. He is also co-
editor of the book Digital Cardiac Imaging published by 
Martinus Nijhoff. In 1990 he received the Honeywell 
Award and in 1992 the D. D. Ewing Award, both for 
excellence in teaching. In 2001 Dr. Delp received the 
Raymond C. Bowman Award for fostering education in 

imaging science from the Society for Imaging Science 
and Technology (IS&T). In 2004 he received the 
Wilfred Hesselberth Award for Teaching Excellence. 
In 2000 Dr. Delp was selected a Distinguished Lecturer 
of the IEEE Signal Processing Society and in 2002 
and 2006 he was awarded Nokia Fellowships. During 
the summers of 1998, 1999, 2001, 2002, 2003,  2005, 
and 2006  Dr. Delp was a Visiting Professor at the 
Tampere International Center for Signal Processing at 
the Tampere University of Technology in Finland. Dr. 
Delp is a registered Professional Engineer.

Sunday, August 26, 15:30 - 17:00

Sensor Networks and Data Fusion
John Fisher III, Massachusetts Institute of 

Technology

Location: Hall of Ideas E

Abstract
Data processing in sensor networks is not easily 
characterized as a problem of sensing, signal processing, 
inference, information theory, communications, 
decision-making, control, computing, or networking 
-- it involves all of these. The combination of these 
issues invokes fundamental tradeoffs arising from the 
distributed nature of computation and deployment 
coupled with limitations on communications, 
computational and energy typical of many sensor 
networks. Probabilistic and information-theoretic 
methods provide a natural framework for addressing 
many inference problems in sensor networks; however, 
in addition to the informational utility of a measurement 
or set of measurements, one must also consider 
the resources necessary to acquire and fuse those 
measurements into a probabalistic model. Additionally, 
information sharing in a sensor networks necessarily 
involves approximation. Traditional measures of 
distortion are not sufficient to characterize the quality 
of approximation as they do not address in an explicit 
manner the resulting impact on inference which is at 
the core of many data fusion problems.

In this tutorial we will discuss many of the issues within 
the context a variety of data fusion problems. We will 
emphasize the use of probabilistic and information-
theoretic methods for inference. We will present 

Tutorials
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fundamental and computable bounds regarding the 
rate at which sensor networks can acquire information. 
Use of these bounds leads to computationally tractable 
sensor planning algorithms which incorporate resource 
expenditures explicitly. We will discuss approximate 
message-passing schemes suitable for inference in 
sensor networks which consider the impact of distortion 
on information sharing as it relates to inference. Finally, 
we will discuss the issue of learning in sensor networks 
under communications constraints, a problem which 
arises in situations where the underlying probabilistic 
model is unknown or only partially specified. 

John Fisher is Principal Research Scientist at the  
MIT  Computer Science and Artificial Intelligence 
Laboratory. His research focuses on information-
theoretic approaches to machine learning, computer 
vision, and signal processing. Application areas 
include signal-level approaches to multi-modal data 
fusion, signal and image processing in sensor networks, 
distributed inference under resource constraints, 
resource management in sensor networks, and analysis 
of seismic and radar images. In collaboration with 
the Surgical Planning Lab at Brigham and Women’s 
Hospital, he is developing nonparametric approaches to 
image registration and functional imaging. He received 
a BS and MS in Electrical Engineering at the Univsersity 
of Florida in 1987 and 1989, respectively. He earned a 
PhD in Electrical and Computer Engineering in 1997.

Sunday, August 26, 15:30 - 17:00

Compressed Sensing
Justin Romberg, Georgia Institue of Technology 

& Michael Wakin, California Institute of 
Technology

Location: Hall of Ideas F

Abstract
From decades of research in signal processing, we have 
learned that having a good signal representation can 
be key for tasks such as compression, denoising, and 
restoration. The new theory of Compressed Sensing (CS) 
shows us how a good representation can fundamentally 
aid us in the acquisition (or sampling) process as well. 
In this tutorial will outline the main theoretical results 
in CS and discuss how the ideas can be applied in next-

generation acquisition devices. The CS paradigm can be 
summarized neatly: the number of measurements (e.g., 
samples) needed to acquire a signal or image depends 
more on its inherent information content than on the 
desired resolution (e.g., number of pixels). The CS 
theory typically requires a novel measurement scheme 
that generalizes the conventional signal acquisition 
process: instead of making direct observations of the 
signal, for example, an acquisition device encodes it as 
a series of random linear projections.

The theory of CS, while still in its developing stages, 
is far-reaching and draws on subjects as varied as 
sampling theory, convex optimization, source and 
channel coding, statistical estimation, uncertainty 
principles, and harmonic analysis. The applications of 
CS range from the familiar (imaging in medicine and 
radar, high-speed analog-to-digital conversion, and 
super-resolution) to truly novel image acquisition and 
encoding techniques.

Justin Romberg attended Rice University, where he 
received the BS (1997), MS (1999), and PhD (2003) 
degrees in electrical engineering. His graduate work 
centered on multiscale geometrical models for image 
processing. In fall of 2003, he joined the Applied and 
Computational Mathematics Department at Caltech, 
where he worked on the theoretical foundations of 
compressive sampling. He spent the fall of 2004 as 
a Fellow at UCLA’s Institute for Pure and Applied 
Mathematics. In the fall of 2006, he joined the faculty 
at Georgia Tech. Dr. Romberg is also a consultant for 
the TV show “Numb3rs”.

Michael Wakin received the B.S. degree in electrical 
engineering and the B.A. degree in mathematics in 
2000 (summa cum laude), the M.S. degree in electrical 
engineering in 2002, and the Ph.D. degree in electrical 
engineering in 2007, all from Rice University. He 
was an NSF Mathematical Sciences Postdoctoral 
Research Fellow in the Department of Applied and 
Computational Mathematics at the California Institute 
of Technology and is currently an Assistant Professor at 
the University of Michigan in Ann Arbor. His research 
interests include sparse, geometric, and manifold-based 
models for signal and image processing, approximation, 
compression, compressive sensing, and dimensionality 
reduction.
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Monday, August 27, 10:30 - 12:30

Genomic Signal Processing I
Time:	 Monday, August 27, 10:30 - 12:30
Location:	 Meeting Room P
Co-Chairs:	 Yufei Huang, University of Texas San Antonio and 

Edward Dougherty, Texas A&M University

Poster 1	
INFORMATION-THEORETIC BOUNDS OF EVOLUTIONARY 
PROCESSES MODELED AS A PROTEIN COMMUNICATION 
SYSTEM
Liuling Gong, Nidhal Bouaynaya, Dan Schonfeld, University of Illinois at 
Chicago, United States

In this paper, we investigate the information theoretic bounds of the 
channel of evolution, which is modeled as the iteration of protein 
communication channels over time. We compute the capacity and the 
rate-distortion functions of the protein communication system for the 
three domains of life: Achaea, bacteria and Eukaryotes. We analyze the 
tradeoff between the transmission rate and the distortion in noisy protein 
communication channels. Comparison of the optimal transmission rate 
with the channel capacity indicates that the biological fidelity does not 
reach the Shannon optimal distortion. The relationship between the 
channel capacity and rate distortion provides tremendous insight into the 
evolutionary dynamics. We rely on these results to provide a model of 
protein sequence evolution based on two major evolutionary processes: 
mutations and unequal crossovers.

Poster 2	
MODULE-BASED GENE NETWORK CONSTRUCTION WITH 
STATE-SPACE MODELS
Rui Yamaguchi, Institute of Medical Science, University of Tokyo, Japan; 
Ryo Yoshida, The Institute of Statistical Mathematics, Japan; Seiya Imoto, 
Osamu Hirose, Institute of Medical Science, University of Tokyo, Japan; 
Tomoyuki Higuchi, The Institute of Statistical Mathematics, Japan; Satoru 
Miyano, Institute of Medical Science, University of Tokyo, Japan

In this presentation, we discuss the use of the state-space models to 
analyze time-course microarray gene expression data. Typical features of 
time-course microarray data are short time-course and high-dimensional 
observational vector. By these aspects, conventional statistical models 
such as the multivariate autoregressive models lead to unsuitable results 
due to the overfitting. The state-space models have a potential to overcome 
this problem by the dimension reduction process. We developed a 
method to reconstruct module-based gene networks from time-course 
data by using the state-space models. The usefulness is shown with the 
resultant transcriptional module networks and gene networks from real 
data analyses.

Poster 3	
WHICH CONTROL GENE SHOULD BE USED IN GENETIC 
REGULATORY NETWORKS?
Golnaz Vahedi, Aniruddha Datta, Texas A&M University, United States; 
Edward Dougherty, Texas A&M University, Translational Genomics 
Research Institute, United States

Probabilistic Boolean Networks (PBNs) are rule-based models for gene 
regulatory networks. Previously, we proposed a method for finding the 
control policies with the highest effect on steady-state distributions of 
PBNs. To this end, the theory of infinite-horizon optimal stochastic control 
was employed. The control variable was chosen to be one of the genes in 
the model. A natural question that arises is which gene in the network 
would have the greatest impact on the desired behavior. In principle, 
solving the optimal control problem for all the candidate genes does 
answer the question. However, this would be computationally prohibitive. 
We introduce an algorithm which predicts the best candidate gene. The 
algorithm suggests a stationary policy for each gene. The best control 
gene is the one with the highest effect on the stationary distribution once 
its stationary control policy is applied. The algorithm employs the concept 
of mean-first-passage-time and has very low complexity.

Poster 4	
ON REINFORCEMENT LEARNING IN GENETIC 
REGULATORY NETWORKS
Babak Faryabi, Aniruddha Datta, Edward Dougherty, Texas A&M 
University, United States

The control of probabilistic Boolean networks as a model of genetic 
regulatory networks is formulated as an optimal stochastic control 
problem and has been solved using dynamic programming. However, the 
proposed methods fail when the number of genes in the network goes 
beyond a small number. Their complexity exponentially increases with 
the number of genes due to the estimation of model-dependent probability 
distributions, and the expected curse of dimensionality associated with 
dynamic programming algorithm. We propose a model-free approximate 
stochastic control method based on reinforcement learning that mitigates 
the twin curses of dimensionality and provides polynomial time 
complexity. By using a simulator, the proposed method eliminates the 
complexity of estimating the probability distributions. The method can 
be applied on networks for which dynamic programming cannot be used 
owing to computational limitations. Experimental results demonstrate 
that the performance of the method is close to optimal stochastic control.

Poster 5	
IS THERE CORRELATION BETWEEN THE ESTIMATED 
AND TRUE CLASSIFICATION ERRORS IN SMALL-SAMPLE 
SETTINGS ?
Blaise Hanczar, Texas A&M University, United States; Jianping Hua, 
Translational Genomics Research Institute, United States; Edward 
Dougherty, Texas A&M University, United States

The validity of a classifier model, consisting of a trained classifier and 
it estimated error, depends upon the relationship between the estimated 
and true errors of the classifier. Absent a good error estimation rule, the 
classifier-error model lacks scientific meaning. This paper demonstrates 
that in high-dimensionality feature selection settings in the context of 
small samples there can be virtually no correlation between the true and 
estimated errors. This conclusion has serious ramifications in the domain 
of high-throughput genomic classification, such as gene-expression 
classification, where the number of potential features (gene expressions) 
is usually in the tens of thousands and the number of sample points 
(microarrays) is often under one hundred.

Poster 6	
INFERENCE OF GENETIC REGULATORY NETWORKS BY 
EVOLUTIONARY ALGORITHM AND H INFINITY FILTERING
Lijun Qian, Haixin Wang, Prairie View A&M University, United States

The correct inference of genetic regulatory networks plays a critical role 
in understanding biological regulation in phenotypic determination and it 
can affect advanced genome-based therapeutics. In this study, we propose 
a joint evolutionary algorithm and $H_{\infty}$ filtering approach to infer 
genetic regulatory networks using noisy time series data from microarray 
measurements. Specifically, an iterative algorithm is proposed where 
genetic programming is applied to identify the structure of the model and 
$H_{\infty}$ filtering is used to estimate the parameters in each iteration. 
The proposed method can obtain accurate dynamic nonlinear ordinary 
differential equation (ODE) model of genetic regulatory networks even 
when the noise statistics is unknown. Both synthetic data and experimental 
data from microarray measurements are used to demonstrate the 
effectiveness of the proposed method. With the increasing availability of 
time series microarray data, the algorithm developed in this paper could 
be applied to construct models to characterize cancer evolution and serve 
as the basis for developing new regulatory therapies.
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Poster 7	
BAYESIAN INTEGRATION OF MICROARRAY DATA FOR 
UNCOVERING GENE NETWORKS
Yufei Huang, Yufang Yin, Jianqiu Zhang, Adrian Alfonso, University of 
Texas at San Antonio, United States

Gene networks represent molecular interactions between genes. 
Uncovering gene networks form biological data helps to better understand 
cellular system structure, system dynamics, and control mechanisms and 
is an important topic in genomic signal processing. Microarray data have 
been a popular data source for uncovering gene networks. Most of the 
existing work uses the dataset from a single experiment. However, due 
to the limit data size of a single experiment, it is prudent to integrate 
datasets from multiple sources, in order to improve the accuracy and 
robustness of uncovered networks. We propose a Bayesian framework 
for integrating two sets of microarray data for the purpose of uncovering 
network networks. To mitigate the discrepancy between the inference 
results based on the different integration order, a turbo integration 
algorithm is proposed. A Markov chain Monte Carlo sampling algorithm 
is then obtained to realize the proposed turbo algorithm. The effectiveness 
of the algorithm is first demonstrated on the simulated gene networks. 
The algorithm is then applied to integrate two time series datasets of 
Yeast. The uncovered network is validated by KEGG pathway and gene 
ontology.

Poster 8	
BAYESIAN META-CLUSTERING OF CANCER MICROARRAY 
DATA 
Jia Meng, University of Texas at San Antonio, United States; Isabel M 
Tienda Luna, University of Granada, Spain; Jianqiu Zhang, Yufei Huang, 
University of Texas at San Antonio, United States

Accurate means of prognosis and diagnosis in cancer improve the 
selection of patients for systemic therapy. Using microarray analysis to 
establish prognostic and diagnostic cancer profile has drawn great interest. 
Clustering is an important approach for cancer profiling. Meta-clustering 
intends to improve accuracy and robustness of prognosis and diagnosis by 
performing clustering using multiple datasets. A main difficulty in meta-
clustering is the determination of consensus clusters. We investigate in this 
paper a Bayesian meta-clustering approach. The clusters are modeled by 
mixture Gaussian models. A variational Bayes Expectation Maximization 
(VBEM) algorithm is developed for joint clustering and determination 
of the number of clusters. To match the corresponding clusters of the 
different datasets, a distant measure is defined based on the a posteriori 
probabilities of the clusters. To obtain the optimal match, a greedy search 
algorithm is applied. The algorithm is applied to analyze the glioma 
profile by integrating two microarray data sets.

Monday, August 27, 10:30 - 12:30

Genomic Signal Processing II
Time:	 Monday, August 27, 10:30 - 12:30
Location:	 Meeting Room Q
Co-Chairs:	 Yufei Huang, University of Texas San Antonio and 

Edward Dougherty, Texas A&M University

Poster 1	
MINIMIZING THE COMPUTATIONAL COMPLEXITY FOR 
FINDING RNA STRUCTURAL ALIGNMENTS BASED ON 
PROFILE-CSHMMS
Byung-Jun Yoon, P. P. Vaidyanathan, California Institute of Technology, 
United States

The profile context-sensitive HMM (profile-csHMM) is a context-sensitive 
HMM (csHMM) with a special structure, which is especially useful for 
representing RNA sequence families and building RNA sequence analysis 
tools. Recently, profile-csHMMs have been applied to finding structural 
alignments of RNAs, where they were able to obtain accurate alignment 
results at a relatively low computational cost. The sequential component 
adjoining (SCA) algorithm, which is used for finding the best alignment 
in a systematic manner, has a variable computational complexity that 
depends on the so-called adjoining order. Therefore, in order to reduce 
the overall computational cost for finding structural alignments of RNAs, 
we have to find the adjoining order that minimizes the computational 
complexity. In this paper, we present an effective algorithm that can find 
the optimal adjoining order for a given profile-csHMM, such that the 
computational complexity of the SCA algorithm is minimized.

Poster 2	
STOCHASTIC MODELING OF GENE EXPRESSION AND 
PARAMETER ESTIMATION
Xiaodong Cai, University of Miami, United States

Recent advances in technology have enabled biologists to investigate 
gene expression in single cells. In such experimental investigations, it 
has been demonstrated that the numbers of mRNA and protein molecules 
expressed from a gene in a single cell are stochastic processes. While 
the stochasticity in gene expression,which is also referred to as gene 
expression noise by biologists, has recently attracted much attention of 
biologists, less attention has been paid to analyze the stochastic nature 
of gene expression based on a computational model. In this paper, we 
first analyze the mean and variance of the mRNA and protein molecules 
expressed from a gene based on a stochastic model. In this stochastic 
model, a gene randomly switches between two states: activated and 
repressed states and transcribed with different probability rates in these 
two states. We then investigate the estimation of model parameters 
based on the observed numbers of mRNA and protein molecules that 
are expressed from a gene. Our computational approach can predict the 
behavior of gene expression in single cells.
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Poster 3	
NORMALIZED MAXIMUM LIKELIHOOD MODEL-BASED 
INFERENCE FOR GENOMICS
John Dougherty, Ioan Tabus, Jorma Rissanen, Jaakko Astola, Tampere 
University of Technology, Finland

We present Normalized Maximum Likelihood (NML) models for discrete 
models and show how to apply the Minimum Description Length (MDL) 
principle in order to obtain parametric information, specifically with respect 
to microarray-based classification and prediction. For both problems, the 
general goal is to extract the genes that provide, biologically speaking, the 
best classification (prediction). In the absence of biological truth, we must 
use other ways to judge classifier (predictor) performance. One relatively 
well accepted non-parametric measure is the cross-validation error. 
However, in the presence of small sample sizes, results obtained using 
this approach are quite sensitive to the selection of test and training data. 
The MDL principle provides an alternative, coding-theoretic way to find 
gene features without needing to perform the expensive cross-validation 
experiments. Previous work includes applications to classification using 
microarray data and, most recently, inferring the structure of gene 
regulatory networks using time-series expression data.

Poster 4	
BAYESIAN ROBUSTNESS IN THE CONTROL OF GENE 
REGULATORY NETWORKS
Ranadip Pal, Aniruddha Datta, Edward Dougherty, Texas A&M 
University, United States

The presence of noise and the availability of a limited number of samples 
prevent the transition probabilities of a gene regulatory network from 
being accurately estimated. Thus, it is important to study the effect of 
modeling errors on the final outcome of an intervention strategy and to 
design robust intervention strategies. Two major approaches applied to 
the design of robust policies in general are the min-max (worst case) 
approach and the Bayesian approach. The min-max control approach is at 
times conservative because it gives too much importance to the scenarios 
which hardly occur in practice. Consequently, in this paper, we focus on 
the Bayesian approach for the control of gene regulatory networks.

Poster 5	
MOLECULAR CONTEXTS OF NCI 60 CELL LINES DRUG 
SENSITIVITY VIA IN-SILICO CONDITIONING
Seungchan Kim, Translational Genomics Research Institute, United 
States; Ina Sen, Arizona State University, United States; Michael Bittner, 
Translational Genomics Research Institute, United States

Cell maintains its specific status by tight regulating a set of genes. If 
there are aberrations that force cell to adjust its regulatory machinery 
away from the normal state to reliably provide proliferative signals 
and abrogate normal safeguards, it must achieve a new regulatory state 
different from the normal. Due to this tightly coordinated regulation, the 
expression of genes should show consistent patterns within a cellular 
context but less consistent outside the context. Based on this hypothesis, 
we developed a method to identify novel cellular contexts as reflected 
in consistent transcriptional pattern. The method was applied to public 
data sets with available clinical or drug sensitivity data to identify novel 
molecular contexts.

Poster 6	
A BRANCH-AND-BOUND OPTIMIZATION ALGORITHM FOR 
FEATURE SELECTION
Junior Barrera, Marcelo Ris, IME-USP, Brazil

Feature selection is a classical combinatorial optimization problem in 
Pattern Recognition. In Genomic Signal Processing feature selection is a 
key procedure for finding gene markers and the architectures of genetic 
networks. This problem is approached by some heuristics like SFS 
or SFFS. Here, we present a branch-bound optimization algorithm for 
approaching this problem. This algorithm explores the Boolean lattice 
structure of the feature space, the connectivity on the lattice induced 
by the inclusion relation, and the U-shape of error estimations on any 
lattice chain. This algorithm searches the chain minimum and, then, all 
local minima connected to this minimum and less than it. This family 
of connected local minima are computed by a recursive procedure. The 
search space is bounded by the minima computed, that is, the nodes that 
include or are included by the minima are eliminated of the search space. 
The procedure from finding the chain minima to bound the search space 
is repeated until the search space becomes empty. Before, repeating this 
procedure, it is computed the lowest node of the new chain to be explored 
by an algorithm that manipulate lattice intervals. This algorithm converges 
to the global minima. Besides, if the algorithm is stopped before covering 
completely the search space, the present result is exactly the minimum 
node of the part of the search space explored. Experimental results show 
that the new algorithm produces better optimization results than SFS and 
SFFS. Furthermore, even partial exploration of the search space gave 
better results than SFS and SFFS. The experiments used images and 
microarray expression data.

Poster 7	
SPATIO-TEMPORAL NETWORKS FOR PREDICTIVE 
HEALTH AND DISEASE
Patrick Harrington, Arvind Rao, Mark Kliger, Peter Woolf, Alfred Hero, 
University of Michigan, United States

The accurate prediction of health and disease in a cohort of subjects that 
are loosely monitored for changes in individual biomarkers, disease spread 
through social interactions, and epidemiological patterns is an elusive 
goal in clinical medicine. We introduce a predictive Bayesian framework 
for in-situ predictive health and disease that can attain this goal. The 
analysis engine consists of several components: a graph-theoretic social 
engine that takes into consideration knowledge of contacts of the subject/
patient and community structure of the social network, a diagnosis 
engine based on ensemble of tree classifiers that considers the pathogen 
exposure and the molecular/genetic response parameters, and a dynamic 
Bayesian network prediction engine that integrates past and present social 
and diagnostic information for accurate prediction of individual’s future 
health condition.

Poster 8	
SIGNAL PROCESSING TECHNIQUES AND STATISTICS FOR 
THE ANALYSIS OF HUMAN GENOME ASSOCIATED WITH 
BEHAVIOR ABNORMALITIES
Abdullah Alqallaf, Ahmed Tewfik, University of Minnesota, United 
States

Almost all human genetic diseases such as cancers and developmental 
abnormalities are characterized by the presence of genetic variations. 
Microrray-based Comparative Genomic Hybridization techniques are 
used to map and measure DNA copy number variations with high-
resolution. However, the observed copy numbers are corrupted by noise, 
making variations breakpoints hard to detect. In this paper, we provide a 
framework for the analysis of copy number datasets and it is divided into 
two parts. In the first part, we propose a novel image processing technique 
to analyze copy number variations based on extended version of Sigma 
filter algorithm as pre-processing technique. In the second part, we 
provide statistical searching model for classifying nonrandom genomic 
variations across multiple samples. Finally, we provide simulated and real 
data samples to study this effect.
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Monday, August 27, 10:30 - 12:30

Detection and Estimation Theory I
Time:	 Monday, August 27, 10:30 - 12:30
Location:	 Meeting Room M

Poster 1	
BAYESIAN COVARIANCE MATRIX ESTIMATION WITH 
NON-HOMOGENEOUS SNAPSHOTS
Stéphanie Bidon, Olivier Besson, ENSICA, France; Jean-Yves Tourneret, 
IRIT/ENSEEIHT, France

We address the problem of estimating the covariance matrix $\Mp$ of 
an observation vector, using $K$ groups of training samples $\left\{\Zk\
right\}_{k=1}^K$, of respective size $L_k$, whose covariance matrices 
$\Mk$ may differ from $\Mp$. A Bayesian model is formulated where we 
assume that $\Mp$ and the matrices $\Mk$ are random, with some prior 
distribution. Within this framework, we derive the minimum mean-square 
error (MMSE) estimator of $\Mp$ which is implemented using a Gibbs-
sampling strategy. Moreover, we consider simpler estimators based on 
a weighted sum of the sample covariance matrices of $\Zk$. We derive 
an expression for the weights that result in minimum mean square error, 
within this class of estimators. Numerical simulations are presented to 
illustrate the performances of the different estimation schemes.

Poster 2	
UNIQUENESS OF NON-NEGATIVE MATRIX 
FACTORIZATION
Hans Laurberg, Aalborg University, Denmark

In this paper, two new properties of stochastic vectors are introduced 
and a strong uniqueness theorem on non-negative matrix factorizations 
(NMF) is introduced. It is described how the theorem can be applied to 
two of the common application areas of NMF, namely music analysis and 
probabilistic latent semantic analysis. Additionally, the theorem can be 
used for selecting the model order and the sparsity parameter in sparse 
NMFs.

Poster 3	
CONVERGENCE OF THE ITERATIVE CONDITIONAL 
ESTIMATION AND APPLICATION TO MIXTURE 
PROPORTION IDENTIFICATION
Wojciech Pieczynski, GET/INT CNRS UMR5157, France

The iterative conditional estimation (ICE) is an iterative estimation method 
of the parameters in the case of incomplete data. Its use asks for very weak 
hypotheses and it can be implemented in relatively complex situations. 
Proposed since about fifteen years, ICE has been successfully applied in 
many problems; in particular, it gave good results in unsupervised image 
segmentation based on different complex models, like hidden fuzzy 
Markov fields, hidden evidential Markov fields, or still triplet Markov 
fields. However, there were no general theoretical results concerning 
its asymptotic behavior until now. The aim of this paper is to provide a 
general theorem, and to specify two applications: the mixture proportion 
estimation in a very general setting, and estimation of the components 
means in Gaussian mixture. The position of ICE with respect to the 
“Expectation-Maximization” (EM) method is also briefly discussed.

Poster 4	
AUTOMATED MICROARRAY ORGANISM DETECTION WITH 
A NON-GAUSSIAN MAXIMUM LIKELIHOOD MODEL
Tom Gingell, Clifford Lewis, Nathan Kowahl, Science Applications 
International Corporation, United States

The utility of DNA microarrays for bioagent detection and classification 
will only be fully realized when hybridization intensities can be accurately 
related to sequence and abundances of constituent DNA molecular 
fragments in the sample. To move toward this goal, we have developed 
a procedure that is robust to suboptimal image quality and a maximum 
likelihood-based processor to estimate the concentration of bioagent 
targets in a reaction. The signal models used for the maximum likelihood 
processing are based on the physics of DNA microarray hybridization. An 
adaptive background model was included to manage the wide variation of 
background clutter expected in a typical bioagent detection scenario.

Poster 5	
A CONSTRAINT GENERATION INTEGER PROGRAMMING 
APPROACH TO INFORMATION THEORETIC SENSOR 
RESOURCE MANAGEMENT
Jason Williams, John Fisher III, Alan Willsky, Massachusetts Institute of 
Technology, United States

Many estimation problems involve sensors which can be actively controlled 
to alter the information received and utilized in the underlying inference 
task. In this paper, we discuss a novel integer programming method 
which exploits the submodularity of information theoretic estimation 
criterion to find an efficient solution to constructing an open loop plan 
for sensor resource management problems involving many independent 
objects. The integer programming formulation solves a sequence of 
simplified problems; the solution of each forms an upper bound to the 
full complexity problem. The updates performed between iterations may 
be viewed as steps in a constraint generation process, ensuring that the 
bound is successively tightened. An auxiliary problem also provides a 
lower bound to the optimal solution, and a solution attaining that bound, 
enabling early termination with a guaranteed near-optimal solution. 
Computational experiments demonstrate the benefit that the algorithm 
can provide in various planning problems.

Poster 6	
ESTIMATING THE POLARIZATION DEGREE OF 
POLARIMETRIC IMAGES USING MAXIMUM LIKELIHOOD 
METHODS
Florent Chatelain, Jean-Yves Tourneret, IRIT-ENSEEIHT-TéSA, France; 
Muriel Roche, Fresnel Institute - ECM, France

This paper shows that the joint distribution of polarimetric intensity 
images is a multivariate gamma distribution in the case of coherent 
illumination with fully developed speckle. The parameters of this gamma 
distribution can be estimated according to the maximum likelihood (ML) 
principle. Different estimators depending on the number of available 
polarimetric images are studied. These estimators provide different ways 
of estimating the degree of polarization (DoP) of each pixel of the image. 
A performance comparison with estimators based on methods of moments 
is finally conducted.
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Poster 7	
LEARNING GRAPHICAL MODELS FOR HYPOTHESIS 
TESTING
Sujay Sanghavi, Vincent Tan, Alan Willsky, Massachusetts Institute of 
Technology, United States

We propose a novel procedure for learning tractable graphical models 
from data samples. The traditional approach is to learn models that are 
generically good approximations of the underlying distributions. In 
contrast, we are interested in learning models for a specific purpose: binary 
hypothesis testing. The distributions corresponding to the hypotheses are 
not available, instead we are given two labelled sets of training samples. 
Our procedure learns two models, one for each hypothesis, which are 
then used in a likelihood ratio test for classifying a new unlabelled 
sample. Each model is learnt from {\em both} sets of training samples. 
Numerical simulations show that our procedure has a lower probability 
of classification error, as compared to a procedure that learns each model 
using only its own training set. The gain is more significant when the 
problem size is larger and the number of training samples available is 
smaller.

Poster 8	
SENSOR MANAGEMENT FOR STATIC TARGET DETECTION 
WITH NON-BINARY SENSOR OBSERVATIONS AND 
OBSERVATION UNCERTAINTY
Mark Kolba, Leslie Collins, Duke University, United States

Previously, a grid-based sensor management framework has been 
developed that is useful for directing the operation of a suite of sensors 
seeking to detect static targets. Earlier versions of the framework only 
allow the sensors to make binary observations--either “target present” or 
“no target present”--within the cells of the grid. This paper introduces the 
use of non-binary observations within the sensor management framework. 
Simulation results are presented which show that the presented sensor 
manager continues to outperform a direct search technique with the use 
of non-binary observations. The effects of uncertain sensor observations 
are also examined in this paper, and uncertainty modeling is introduced in 
order to allow the sensor manager to model uncertain non-binary sensor 
observations. Simulation results show that proper uncertainty modeling is 
crucial for maintaining robust sensor manager performance.

Monday, August 27, 10:30 - 12:30

Monte Carlo Methods I
Time:	 Monday, August 27, 10:30 - 12:30
Location:	 Meeting Room N

Poster 1	
BLIND UNMIXING OF LINEAR MIXTURES USING A 
HIERARCHICAL BAYESIAN MODEL. APPLICATION TO 
SPECTROSCOPIC SIGNAL ANALYSIS
Nicolas Dobigeon, Jean-Yves Tourneret, IRIT/ENSEEIHT/TéSA, France; 
Saïd Moussaoui, IRCCyN - CNRS UMR 6597 - ECN, France

This paper addresses the problem of spectral unmixing when positivity 
and additivity constraints are imposed on the mixing coefficients. A 
hierarchical Bayesian model is introduced to satisfy these two constraints. 
A Gibbs sampler is then proposed to generate samples distributed according 
to the posterior distribution of the unknown parameters associated to this 
Bayesian model. Simulation results conducted with synthetic data illustrate 
the performance of the proposed algorithm. The accuracy of this approach 
is also illustrated by unmixing spectra resulting from a multicomponent 
chemical mixture analysis by infrared spectroscopy.

Poster 2	
A NEW FORMULATION OF THE RAO-BLACKWELLIZED 
PARTICLE FILTER
Gustaf Hendeby, Rickard Karlsson, Fredrik Gustafsson, Linkoping 
University, Sweden

For performance gain and efficiency it is important to utilize model 
structure in particle filtering. Applying Bayes’ rule, present linear 
Gaussian substructure can be efficiently handled by a bank of Kalman 
filters. This is the standard formulation of the Rao-Blackwellized particle 
filter (RBPF), by some authors denoted the marginalized particle filter 
(MPF), and usually presented in a way that makes it hard to implement 
in an object oriented fashion. This paper discusses how the solution can 
be rewritten in order to increase the understanding as well as simplify 
the implementation and reuse of standard filtering components, such as 
Kalman filter banks and particle filters. Calculations show that the new 
algorithm is equivalent to the classical formulation, and the new algorithm 
is exemplified in a target tracking simulation study.

Poster 3	
EFFICIENT MONTE CARLO FILTERING FOR DISCRETELY 
OBSERVED JUMPING PROCESSES
Nick Whiteley, University of Cambridge, United Kingdom; Adam 
Johansen, University of Bristol, United Kingdom; Simon Godsill, 
University of Cambridge, United Kingdom

This paper addresses a tracking problem in which the unobserved process 
is characterised by a collection of random jump times and associated 
random parameters. We construct a scheme for obtaining particle 
approximations to the posterior distributions of interest in the framework 
of sequential Monte Carlo samplers. We describe efficient sampling 
schemes and demonstrate that two existing schemes can be interpreted 
as particular cases of the proposed method. Results are provided which 
illustrate the performance improvements possible with our approach.

Poster 4	
FAST GAUSS TRANSFORMS BASED ON A HIGH ORDER 
SINGULAR VALUE DECOMPOSITION FOR NONLINEAR 
FILTERING
Roni Mittelman, Northeastern University, United States; Eric Miller, 
Tufts University, United States

We develop new algorithms to speed up the evaluation of the Chapman-
Kolmogorov equation when using the marginal particle filter for nonlinear 
filtering. Evaluation of the Chapman Kolmogorov equation is equivalent 
to performing kernel denity estimation (KDE) and therefore has $O(N^2)$ 
complexity. The computational complexity of KDE can be reduced to 
$O(N)$ using the fast Gauss transform (FGT), however the computational 
constant of the FGT grows exponentially with the dimension, thus making 
its use impractical in higher dimensions. We develop new FGT algorithms 
based on a high order singular value decomposition (HOSVD), which 
can work in high dimensions, and show that they are efficient for high 
dimensional nonlinear filtering problems.

Poster 5	
BAYESIAN INFERENCE FOR CONTINUOUS-TIME ARMA 
MODELS DRIVEN BY JUMP DIFFUSIONS
Gary (Ligong) Yang, Simon Godsill, Signal Processing and 
Communications Laboratory, Cambridge University Engineering 
Department, United Kingdom

This paper investigates the problem of Bayesian parameter estimation 
for continuous-time autoregressive moving average (CARMA) models 
driven by jump diffusions. Inference is performed through the evaluation 
of the likelihood function conditional on jump times, and the realized 
jump sizes are marginalized assuming they are normally distributed. A 
Markov chain Monte Carlo (MCMC) algorithm is then developed to 
explore the parameter space based on the conditional likelihood and an 
assumed prior structure. Finally, simulations are provided to demonstrate 
the potential of our methods.
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Poster 6	
BAYESIAN CHANGEPOINT DETECTION THROUGH 
SWITCHING REGRESSIONS: CONTACT POINT 
DETERMINATION IN MATERIAL INDENTATION 
EXPERIMENTS
Shelten G. Yuen, Daniel Rudoy, Robert D. Howe, Patrick J. Wolfe, 
Harvard University, United States

Material indentation is a popular method for determining the mechanical 
properties of biomaterials. The basic premise of an indentation experiment 
is to physically displace the sample using an indentor that concurrently 
measures resistive force, in order to formulate a force-displacement curve. 
However, doing so requires estimating the initial contact event between 
the indentor and the sample---a statistical changepoint detection problem 
that has not been rigorously addressed in the biomaterials literature to 
date. Here we adopt a hierarchical Bayesian approach to contact point 
determination based on switching regressions, which generalizes an 
algorithm popular with practitioners and enables both hyperparameter 
estimation as well as uncertainty quantification. Results using several 
experimentally obtained silicone indentation data sets indicate that our 
approach outperforms existing techniques.

Monday, August 27, 10:30 - 12:30

Adaptive Systems and Signal Processing
Time:	 Monday, August 27, 10:30 - 12:30
Location:	 Meeting Room O

Poster 1	
SELECTION OF CORRELATION MATRICES FOR SECOND-
ORDER-STATISTICS-BASED BLIND SOURCE SEPARATION
Akira Tanaka, Hideyuki Imai, Masaaki Miyakoshi, Hokkaido University, 
Japan

The aim of blind source separation is to recover mutually independent 
unknown source signals from observations obtained through an unknown 
linear mixture system. A simultaneous diagonalization of correlation 
matrices (second-order statistics) of the observations is a possible 
resolution for the case when the unknown source signals are non-
stationary. In general, unknown source signals are not strictly uncorrelated; 
this may cause a degradation in the separation performance. In this study, 
we propose a method for selecting a combination of correlation matrices 
that yields a better separation performance, and verify the efficacy of the 
proposed method by computer simulations.

Poster 2	
A NEW BLIND ADAPTIVE SIGNAL SEPARATION AND 
EQUALIZATION ALGORITHM FOR MIMO CONVOLUTIVE 
SYSTEMS
Aissa Ikhlef, IETR - SUPELEC, France; Karim Abed-Meraim, ENST-
Paris, France; Daniel Le Guennec, IETR-SUPELEC, France

In this paper, the problem of adaptive blind source separation and 
equalization for Multiple-Input Multiple-Output (MIMO) convolutive 
systems is addressed. We propose a new approach based on the 
constant modulus (CM) and second order criteria, from which a reduced 
complexity version is derived. The proposed algorithm allows to find an 
equalizer with a desired delay, which makes it possible to remove the 
delay ambiguity inherent to blind equalization of MIMO convolutive 
systems. Furthermore, it was shown that when the delay is chosen in the 
middle of the interval of all possible delays, we get a better performance. 
Moreover, a recursive implementation of the proposed criterion via the 
Recursive Least Square (RLS) algorithm is also presented. The efficiency 
of the proposed algorithm over the classical constant modulus algorithm 
is illustrated by simulations.

Poster 3	
SIGMA-SAMPLING WAVELET DENOISING FOR 
STRUCTURAL HEALTH MONITORING
Alessio Medda, Eric Chicken, Victor DeBrunner, Florida State University, 
United States

Structural Health Monitoring (SHM) techniques are non-destructive 
evaluation methods that try to detect, locate and assess the structural 
damage of a structure. The presence of damage in a structure often results 
in very small changes in the vibration response of the structure. It is very 
difficult to detect these changes due to their low order of magnitude relative 
to the vibration signal. A wavelet method is proposed to preprocess the 
signal prior to damage analysis in order to improve its signal to noise 
ratio and bring the vibration signal damage signature to a detectable 
level. Because of the characteristics of the vibration signal, standard 
thresholding techniques do not yield useful results. Our proposed method 
estimates the variance from automatically selected, structure-free portions 
of the vibration response and then uses this value to threshold the wavelet 
coefficients prior to reconstruction. This novel technique has been called 
sigma-sampling thresholding.

Poster 4	
CONVERGENCE OF A CLASS OF DECENTRALIZED 
BEAMFORMING ALGORITHMS
James Bucklew, William Sethares, University of Wisconsin-Madison, 
United States

One of the key issues in decentralized beamforming is the need to phase-
align the carriers of all the sensors in the network. Recent work in this 
area has shown the viability of certain methods that incorporate single-bit 
feedback from a beacon. This paper analyzes the behavior of the method 
(showing conditions for convergence in distribution and also giving a 
concrete way to calculate the final distribution of the convergent ball) and 
then generalizes the method in three ways. First, by incorporating both 
negative and positive feedback it is possible to double the convergence rate 
of the algorithm without adversely effecting the final variance. Second, a 
way of reducing the amount of energy required (by reducing the number 
of transmissions needed for convergence) is shown; its convergence and 
final variance can also be conveniently described. Finally, a wideband 
analog is proposed that operates in a decentralized manner to align the 
time delay (rather than the phase) between sensors.

Poster 5	
CONVERGENCE ANALYSIS OF HIRSCHMAN OPTIMAL 
TRANSFORM (HOT) LMS ADAPTIVE FILTER
Osama Alkhouli, University of Oklahoma, United States; Victor 
DeBrunner, Florida State University, United States

We present a general convergence analysis of the recently introduced 
HOT LMS Adaptive filter and show that the autocorrelation matrix in 
HOT domain is asymptotically Block diagonal and the HOT LMS adjust 
the learning rate of each block to improve the convergence speed of the 
adaptive filter as compared to LMS. The theoretical findings were verified 
through numerical calculations and simulations.

Poster 6	
CONSTRAINED COMPLEXITY GENERALIZED CONTEXT-
TREE ALGORITHMS
Robert Drost, Andrew Singer, University of Illinois at Urbana-Champaign, 
United States

In this paper, we present a generalization of the context tree weighting 
algorithm that can address limitations imposed by the tree structure of 
traditional context-tree algorithms. By allowing a more general graphical 
structure, we demonstrate how a greatly increased class of models can 
be compactly represented using a context graph. Furthermore, through a 
judicious choice of this context graph, we show that a modified version 
of the weighting algorithm exists with computational complexity that 
remains linear in the context-graph depth. Although we present this 
method specifically in the context of universal prediction and focus on 
a particular context graph, the method is generally applicable and can be 
used to trade off algorithmic complexity with modeling power.
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Poster 7	
STEADY-STATE PERFORMANCE OF ADAPTIVE DIFFUSION 
LEAST-MEAN SQUARES
Cassio G. Lopes, Ali H. Sayed, University of California, Los Angeles, 
United States

We study the mean-square performance of a diffusion least mean-squares 
protocol proposed in recent work to address the problem of distributed 
estimation [1, 2]. By relying on energy conservation arguments \
cite{biblia} we derive closed form expressions for the mean-square 
deviation (MSD) and the excess mean-square error (EMSE) of the 
adaptive network. Examples show a good agreement between simulations 
and theory.

Monday, August 27, 15:30 - 17:30

Statistical Signal Processing Methods for Study of the Brain
Time:	 Monday, August 27, 15:30 - 17:30
Location:	 Meeting Room P
Co-Chairs:	 Rebecca Willett, Duke University and Barry Van Veen, 

University of Wisconsin Madison

Poster 1	
MODELING AND ACTIVATION DETECTION IN FMRI DATA 
ANALYSIS
Jianing Wei, Thomas Talavage, Ilya Pollak, Purdue University, United 
States

We employ our previously proposed framework for the analysis of 
event-related functional magnetic resonance imaging (fMRI) data. In 
our framework, we use a Gaussian blurring kernel to explicitly model 
the spatial correlation introduced by the scanner. In the present paper, 
we propose an improved strategy for estimating the extent of this spatial 
blurring. We also propose a new algorithm for performing activation 
detection. We illustrate the promise of our algorithm by comparing it with 
the widely used general linear model (GLM) method. In synthetic data 
experiments, under the same probability of false alarm, the probability 
of correct detection of our method is up to 40% higher than GLM. In 
real data experiments, through anatomical analysis and benchmark testing 
using block paradigm results, we demonstrate that our algorithm tends to 
produce fewer false alarms than GLM.

Poster 2	
ENCODING NEUROANATOMICAL INFORMATION USING 
WEIGHTED SPHERICAL HARMONIC REPRESENTATION
Moo Chung, Kim Dalton, Richard Davidson, University of Wisconsin, 
United States

Anatomical boundaries that are topologically equivalent to a sphere can 
be modeled using the recently developed weighed spherical harmonic 
(SPHARM) representation. The weighted-SPHARM representation 
incorporates data smoothing, parametrization and surface registration in 
a unified mathematical framework. The weighted-SPHARM represents 
the surface coordinates as a weighted linear combination of spherical 
harmonics in such a way that it solves a self-adjoint partial differential 
equation. The weighted-SPHARM can decomposes an arbitrary 
surface into symmetric and asymmetric parts. By analyzing this unique 
decomposition, surface asymmetry can be quantified. We have applied our 
technique in quantifying abnormal brain asymmetry in autistic subjects.

Poster 3	
SPARSE SOURCE IMAGING IN EEG WITHOUT THE 
ORIENTATION BIAS
Lei Ding, University of Oklahoma, United States; Bin He, University of 
Minnesota, United States

We have developed a new sparse source imaging (SSI) method for EEG, 
which implements an L1-norm based minimum norm estimate (MNE) of 
neural electrical sources. The new SSI method corrects the orientation 
bias appeared in previously reported L1-norm MNEs and proposes that 
sparseness a priori should only be applied to the regularization term, not 
to the data term in the formulation of the regularized inverse problem. The 
resulted nonlinear problem from the newly developed SSI is solved by a 
new solver, i.e., the second order cone programming (SOCP), instead of 
the linear programming (LP) used in previously reported L1-norm MNEs. 
The new SSI is assessed by a series of simulations and then evaluated using 
somatosensory evoked potential (SEP) data with both scalp and subdural 
recordings in a human subject. The performance of SSI is compared with 
other L1-norm MNEs and L2-norm MNEs by considering the localization 
error and orientation error. The present simulation results indicate that 
the new SSI has significantly improved performance, especially in the 
metric of orientation error. The previously reported L1-norm MNEs show 
large localization and orientation errors because of the orientation bias. 
The SEP source imaging results indicate that SSI has the best accuracy in 
the prediction of subdural potential field as validated by direct subdural 
recordings.

Poster 4	
LINEAR DYNAMICAL SYSTEM RESPONSE MODELING OF 
TRIAL-TO-TRIAL AMPLITUDE VARIABILITY IN EVENT-
RELATED MEG/EEG
Tulaya Limpiti, Barry Van Veen, University of Wisconsin-Madison, United 
States; Srikantan Nagarajan, University of California, San Francisco, 
United States; Hagai Attias, Golden Metallic, Inc, United States

We propose a linear dynamical system response (LDSR) model 
to describe amplitude variability across trials in event-related 
magnetoencephalographic/electroencephalographic (MEG/EEG) data. 
Variability across trials may reflect habituation, fatigue, or changes in 
cognitive states of the brain. A wide range of trial-to-trial variability can be 
represented using the LDSR model, including the constant response (CR) 
model as a limiting case. The spatiotemporal signal waveform is assumed 
constant but unknown, and is represented using a linear combination of 
spatial and temporal basis functions. The background noise is assumed 
to be spatially correlated with unknown covariance matrix. We obtain 
the maximum-likelihood estimates of the amplitude variability and 
signal waveform via a generalized Expectation-Maximization algorithm. 
The expectation step involves a Kalman fixed-interval smoother which 
tracks the trial-to-trial amplitude variability while the maximization step 
estimates the signal waveform, spatial noise covariance, and LDSR model 
parameters. We demonstrate the effectiveness of the proposed model 
using both real and simulated evoked response data. The performance 
of the algorithm is analyzed in terms of the mean squared error of the 
amplitude estimates.
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Poster 5	
BAYESIAN ALGORITHMS FOR TOMOGRAPHIC 
RECONSTRUCTION OF NOISY MEG DATA
David Wipf, Hagai Attias, Julia Owen, Johanna Zumer, Kensuke Sekihara, 
Srikantan Nagarajan, University of California, San Francisco, United 
States

The ill-posed nature of the MEG (or related EEG) source localization 
problem requires the incorporation of prior assumptions when choosing 
an appropriate solution out of an infinite set of candidates. Bayesian 
approaches are useful in this capacity because they allow these assumptions 
to be explicitly quantified using postulated prior distributions. However, 
the means by which these priors are chosen, as well as the estimation and 
inference procedures that are subsequently adopted to affect localization, 
have led to a daunting array of algorithms with seemingly very different 
properties and assumptions. From the vantage point of a simple Gaussian 
scale mixture model with flexible covariance components, this paper 
analyzes and extends several broad categories of Bayesian inference 
directly applicable to source localization including empirical Bayesian 
approaches, standard MAP estimation, and variational Bayesian (VB) 
approximation methods. Theoretical properties related to convergence, 
global and local minima, and localization bias are derived. This perspective 
leads to explicit connections between many established algorithms and 
suggests natural extensions for handling issues such as learning dipole 
orientations, extended source configurations, correlated sources, temporal 
smoothness, and computational expediency. Furthermore, recent 
Bayesian approaches for interference and noise suppression can easily be 
incorporated in this framework. The poster will present these theoretical 
results as well as simulations and reconstructions from raw MEG data.

Poster 6	
MARKOV MODELING OF EXPERIMENTAL, CONSTRAINED 
GEOMETRY NEURON NETWORK DYNAMICS
Eric Monson, Mauro Maggioni, Anna Lin, Duke University, United 
States

We use chemically patterned substrates to grow rat hippocampal neurons 
in constrained geometries with a 16 sub-network architecture. The neurons 
within a sub-region are highly interconnected while different sub-regions 
are weakly connected to each other. We record the spontaneous bursting 
activity of the entire network using calcium-sensitive fluorescence 
imaging and quantify the results by modeling the bursting dynamics as a 
Markov process. The majority of bursts in a data set are used to identify 
a set of “typical” firing patterns (macro-states) and to generate a matrix 
of transition probabilities between them. The accuracy of the Markov 
model is tested on the remaining data, and is a measure of the quality of 
the model and of the randomness or determinism in a network’s firing 
sequences. More intense bursts are more predictable than weaker ones. 
Including information about past firing in the micro-state definitions 
improves the model’s prediction accuracy. The macro-state vectors and 
transition probabilities in the Markov matrix reflect static connectivity 
features of the network, as well as dynamic ones such as state and 
transition lifetimes.

Poster 7	
THE SPATIOTEMPORAL DYNAMICS OF EEG SLEEP SLOW 
WAVES IN HUMANS.
B. A. Riedner, M. J. Murphy, M. Massimini, Giulio Tononi, University of 
Wisconsin, United States

Previous work using 256 channel high-density electroencephalography 
(hd-EEG) in humans has shown that sleep slow waves behave as traveling 
waves, with a distinct origin and propagation pattern across the cortical 
mantle (Massimini et. al. 2004). These results were based on a streamline 
analysis of the spatiotemporal distribution of lags calculated from the 
negative voltage peaks of the slow wave detected on the scalp. Recently, 
we found that the current source localization of slow wave origins using 
a minimum norm least squares (L2) method also revealed uniquely 
identifiable origins of slow waves on the cortex (Riedner et. al. in press). In 
the present study, we expanded on these results by additionally localizing 
cerebral slow wave sources using a local autoregressive average method 
(LAURA) combined with a finite difference model (FDM) that more 
realistically modeled conductivity paths. Further, we investigated how the 
current source of these waves traveled in the brain using both LAURA/
FDM and L2 methods. Both methods show that the current source of sleep 
slow waves travel in the cortex in a manner consistent with the voltage 
streamline analysis, but also include locations not easily identifiable on 
the scalp EEG.

Monday, August 27, 15:30 - 17:30

Signal Processing for Security
Time:	 Monday, August 27, 15:30 - 17:30
Location:	 Meeting Room Q
Chair:	 Edward Delp, Purdue University

Poster 1	
ON THE PERFORMANCE OF ORDER-STATISTICS-BASED 
COLLUSION ATTACKS
Yingwei Yao, Ting He, University of Illinois at Chicago, United States

We analyze the performance of collusion attacks based on linear 
combinations of order statistics against correlation detectors and Z 
statistics. We derive the probabilities of detection and false positive given 
an allowable distortion. Our analysis demonstrates that order statistics 
based attacks have substantially similar performance against correlation 
detectors. Against Z statistics, unbiased attacks are more effective. Due to 
restrictions of pages, simulation results are omitted here.

Poster 2	
DIGITAL FINGERPRINTING: ON COLLUDER’SWORST-CASE 
NOISE
Negar Kiyavash, Pierre Moulin, University of Illinois at Urbana-
Champaign, United States

We study the effect of the noise distribution on the error exponents of the 
detection test for a correlation detector for regular-simplex fingerprints. 
The colluders create a noise-free forgery by uniform averaging of their 
individual copies, and then add a noise sequence to form the actual 
forgery. They seek the noise distribution that minimizes the error exponent 
of the detector under the almost-sure and the large-deviations distortion 
constraints.
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Poster 3	
3D FACE RECOGNITION USING EUCLIDEAN INTEGRAL 
INVARIANTS SIGNATURE
Shuo Feng, Hamid Krim, Irina Kogan, North Carolina State University, 
United States

A novel 3D face representation and recognition approach is presented in 
this paper. We represent a 3D face by a set of level curves of geodesic 
function starting from the nose tip, which is invariant under isometric 
transformation of the surfaces. A pose change induces a special Euclidean 
transformation (a composition of a rotation and a translation) of the 
surface that represents a face and leads to the Euclidean transformation 
of the iso-geodesic curves. A change of facial expression induces 
isometric transformation of the iso-geodesic curves. Although the set of 
isometric transformations of a surface is larger than the set of Euclidean 
transformations in 3D, we assume that iso-geodesic curves undergo 
piecewise Euclidean transformations, i.e. the transformation of relatively 
small segments of the level curves is Euclidean. A Euclidean invariant 
integral signature for curves in 3D is presented in this paper. Euclidean 
invariant integral signature provides a classification of spatial curves 
which is independent of their position in 3D space and parameterization, 
and is not sensitive to noise. A recognition procedure based on comparing 
face feature in the invariant signature space is proposed. Substantiating 
examples are provided with an achieved classification accuracy of 95% 
for faces with various poses and facial expressions.

Poster 4	
CHARACTERIZATION OF RF DEVICES USING TWO-TONE 
PROBE SIGNALS
Anthony Martone, Edward Delp, Purdue University, United States

This paper describes a method for forensic characterization of RF devices 
using two-tone probe signals. When transmitted to an RF device, the 
two-tone signal is affected by nonlinear circuit components such as 
amplifiers or diodes. The nonlinear components cause intermodulation 
distortion to the input signal, which is reradiated by the device. Features 
of the intermodulation distortion products are used to construct a device 
fingerprint. The fingerprint is then used to characterize the device so that 
it can be identified from other RF devices.

Poster 5	
A SIGNAL PROCESSING AND RANDOMIZATION 
PERSPECTIVE OF ROBUST AND SECURE IMAGE HASHING
Min Wu, University of Maryland, College Park, United States; Yinian 
Mao, University of Maryland / Qualcomm Inc., United States; Ashwin 
Swaminathan, University of Maryland, College Park, United States

An image hash is a content-based compact representation of an image 
and finds applications in image authentication, watermarking, and image 
similarity comparison. This paper reviews representative approaches 
developed by the research community in constructing robust and secure 
image hash. A unified framework and case studies on representative image 
hash schemes are presented to demonstrate important roles of signal 
processing and controlled randomization in constructing and evaluating 
robust and secure hashing for visual data.

Monday, August 27, 15:30 - 17:30

Biosignal Processing and Medical Imaging
Time:	 Monday, August 27, 15:30 - 17:30
Location:	 Meeting Room L

Poster 1	
TRACKING INTERMITTENT TREMOR FREQUENCY WITH A 
PARTICLE FILTER
Sunghan Kim, James McNames, Portland State University, United States

Our previous work has demonstrated that the extended Kalman filter 
(EKF) is a suitable method to track tremor frequencies embedded in spike 
trains, whose firing rate can be modeled as a sinusoid contaminated with 
noise. However, when tremor is intermittent, the EKF frequency tracker 
takes a long time to regain its track of tremor frequencies or never locks 
on to tremor frequencies accurately even when tremor reappears in spike 
trains. This is mainly due to the linearization error of nonlinear state 
space processes. A particle filter (PF) can overcome this issue and track 
intermittent tremor frequencies more accurately. We applied the EKF and 
PF on both synthetic and real data to show the superior performance of 
the PF to that of the EKF.

Poster 2	
SPARSE MRI RECONSTRUCTION VIA MULTISCALE L0-
CONTINUATION
Joshua Trzasko, Armando Manduca, Eric Borisch, Mayo Clinic College 
of Medicine, United States

“Compressed Sensing” and related L1-minimization methods for 
reconstructing sparse magnetic resonance images (MRI) acquired at sub-
Nyquist rates have shown great potential for dramatically reducing exam 
duration. Nonetheless, the nontriviality of numerical implementation 
and computational intensity of these reconstruction algorithms has thus 
far precluded their widespread use in clinical practice. In this work, we 
propose a novel MRI reconstruction framework based on homotopy 
continuation of the L0 semi-norm using redescending M-estimator 
functions. Following analysis of the continuation scheme, the sparsity 
measure is extended to multiscale form and a simple numerical solver that 
can achieve accurate reconstructions in a matter of seconds on a standard 
desktop computer is presented.

Poster 3	
COMPRESSED SENSING FRAMEWORK FOR EEG 
COMPRESSION
Selin Aviyente, Michigan State University, United States

Many applications in signal processing require the efficient representation 
and processing of data. The traditional approach to efficient signal 
representation is compression. In recent years, there has been a new 
approach to compression at the sensing level. Compressed sensing 
(CS) is an emerging field which is based on the revelation that a small 
collection of linear projections of a sparse signal contains enough 
information for reconstruction. In this paper, we propose an application 
of compressed sensing in the field of biomedical signal processing, 
particularly electroencophelogram (EEG) collection and storage. A 
compressed sensing framework is introduced for efficient representation 
of multichannel, multiple trial EEG data. The proposed framework is 
based on the revelation that EEG signals are sparse in a Gabor frame. 
The sparsity of EEG signals in a Gabor frame is utilized for compressed 
sensing of these signals. A simultaneous orthogonal matching pursuit 
algorithm is shown to be effective in the joint recovery of the original 
multiple trail EEG signals from a small number of projections.
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Poster 4	
A WAVELET-BASED EM ALGORITHM FOR THE 
RESTORATION OF MEDICAL PULSE-ECHO ULTRASOUND 
DATASETS
James Kee Huat Ng, Nick Kingsbury, Henry Gomersall, University of 
Cambridge, United Kingdom

The application of pulse-echo ultrasound to anatomical imaging is well 
established, but despite the prevalence of this imaging modality in modern 
clinical practice, typical ultrasound images still suffer from blurring and 
poor resolution and there is significant scope for developing restoration 
algorithms to address this problem. As with other similar inverse problems, 
the design of an effective restoration algorithm is contingent on a good 
image model, and in this respect, the problem is challenging because the 
acoustic reflectivities of soft tissues have statistical characteristics that are 
substantially different to those of natural images studied in mainstream 
image processing. Whereas natural images tend to be piecewise-smooth 
and are well sparsified by a wavelet basis, the acoustic reflectivities of soft 
tissues exhibit piecewise-smoothness only on a macroscopic scale; on a 
microscopic scale, they exhibit a pseudo-random texture. Previously, we 
presented a simple model of acoustic reflectivity which could adequately 
account for this dual behaviour and we described a statistically-motivated 
restoration algorithm that simply alternated between Wiener filtering 
and dual-tree complex wavelet shrinkage. Our previous results for two-
dimensional images showed improved performance compared to other 
methods based on less sophisticated image models, and in this paper, we 
extend our algorithm to three-dimensional datasets to correct also for out-
of-plane (elevational) blurring.

Poster 5	
MAGNETO-/ELECTROENCEPHALOGRAPHY WITH SPACE-
TIME SPARSE PRIORS
Andrew Bolstad, Barry Van Veen, Robert Nowak, University of Wisconsin, 
United States

We examine the performance of “Space-Time Sparsity” (STS) penalized 
reconstruction of brain activity from magneto-/electroencephalographic 
(MEG/EEG) recordings. We propose two STS priors, both of which 
favor activation of a few localized areas of cortex over a limited time 
duration and bandwidth via appropriate basis functions. This provides a 
reasonable model of true brain activity which minimizes the impact of 
the inherently ill-conditioned, low SNR, spatial inverse problem. We use 
an expectation-maximization (EM) algorithm to solve the STS penalized 
least-squares cost function. The solution localizes brain activity in space 
and time, providing support for a refined signal estimate (e.g. minimum 
norm least-squares). We illustrate the approach on both simulated and real 
data and provide preliminary theoretical analysis of performance.

Monday, August 27, 15:30 - 17:30

Bioinformatics and Genomic Signal Processing
Time:	 Monday, August 27, 15:30 - 17:30
Location:	 Meeting Room M

Poster 1	
DECOMPOSING STATISTICAL PERIODICITIES
Raman Arora, William Sethares, University of Wisconsin-Madison, 
United States

Nonstationary random symbolic sequences are investigated for 
cyclostationarity and decomposition into constituent cyclostationary 
sources. Since the symbolic sources do not admit an algebraic structure, 
a composition of distributions of cyclostationary sources is studied that 
models the erosion in symbolic sequences, for instance, mutations in 
gene sequences. This composition gives a rich mathematical structure 
on the collection of cyclostationary sources and a uniqueness theorem 
for decomposition of pq-statistically periodic symbolic sources into 
cyclostationary sources with periods p and q, when p and q are coprime.

Poster 2	
NON-STATIONARY ANALYSIS OF DNA SEQUENCES
Nidhal Bouaynaya, Dan Schonfeld, University of Illinois at Chicago, 
United States

Previous searches for long-range correlations in DNA sequences was 
carried out using statistical tools for stationary signals. However, genomic 
signals are non-stationary as can be attested by standard statistical tests 
for stationarity. In this paper, we address, in the light of non-stationary 
time-series analysis, the questions of (i) the existence of long-range 
correlations in DNA sequences and (ii) whether they are present in both 
coding and non-coding segments or only in the latter. It turns out that the 
statistical differences between coding and non-coding segments are more 
subtle than previously claimed by the stationary analysis. Both coding 
and non-coding sequences exhibit long-range correlations, as asserted by 
an evolutionary $1/f$ spectrum (i.e., having a time-dependent spectral 
exponent). Moreover, the average spectral exponent of non-coding 
segments is higher than its counterpart for coding segments. To prove that 
this observation is not an artifact of the $1/f$ evolutionary spectrum, we 
show, using an index of randomness that we derive from the frequency-
time distribution of the genomic signals, that coding sequences are ̀ `more 
random” (i.e., whiter) than non-coding sequences. We believe that this 
result is likely the source of confusion and controversy in previous work, 
which relied on stationary analysis of DNA correlations.

Poster 3	
THE DISTRIBUTION OF THE NUMBER OF FALSE 
DISCOVERIES IN DNA MICROARRAY DATA
Keyur Desai, John Deller, Justin McCormick, Michigan State University, 
United States

In drawing inferences from differential analysis of DNA microarray data, 
it is important to have a reliable estimate of the number of falsely rejected 
null hypotheses, also known as false discoveries. When hypothesis tests are 
assumed to be independent, estimation of the number of false discoveries 
(NoFD) is straightforward; however, due to strong causal relationships 
among genes, proper analysis requires a model of highly correlated 
tests. Correlation greatly complicates the inference of the NoFD, and 
understanding and correcting its effects have proven to be a challenging 
problem. A novel method for inferring the complete distribution of the 
NoFD in a general correlation setting is presented. The method is based 
on estimating the moments of test statistics histogram counts and then 
constructing their joint distribution via entropy maximization. Results on 
widely-studied BRCA data are reported.

Poster 4	
DIRECTED-INFORMATION BASED FEATURE SELECTION 
FOR TISSUE-SPECIFIC SEQUENCES
Arvind Rao, Alfred Hero, David States, James Engel, University of 
Michigan, United States

Motif discovery for the identification of functional regulatory elements 
underlying gene expression is a challenging problem. Sequence 
inspection often provides valuable clues to discovery of novel motifs 
(including transcription factor sites) with uncharacterized function in 
gene expression. Coupled with the complexity underlying tissue-specific 
gene expression, there are several motifs that are putatively responsible 
for gene expression in a certain cell type. This has important implications 
in understanding fundamental biological processes such as development 
and disease progression. In this work we present an approach to the 
identification of motifs (not necessarily transcription factors) and 
examine its application to several questions in current bioinformatics 
research. These motifs are seen to discriminate tissue-specific genomic 
regions from those that are not tissue-specific. We propose the use of 
directed information for such classification constrained feature selection, 
and then, use the selected features with a support vector machine (SVM) 
classifier to characterize the tissue-specificity of any sequence of interest. 
This analysis yields several novel interesting motifs that merit further 
experimental characterization. The last part of this paper presents a 
framework for exploring the relationship between such discriminatory 
transcription factor motifs, and the corresponding tissue-specificity, using 
both sequence and expression modalities.
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Poster 5	
DNA ARRAY DECODING FROM NONLINEAR 
MEASUREMENTS BY BELIEF PROPAGATION
Mona Sheikh, Shriram Sarvotham, Rice University, United States; Olgica 
Milenkovic, University of Colorado Boulder, United States; Richard 
Baraniuk, Rice University, United States

We propose a signal recovery method using Belief Propagation (BP) for 
nonlinear Compressed Sensing (CS) and demonstrate its utility in DNA 
array decoding. In a CS DNA microarray, the array spots identify DNA 
sequences that are shared between multiple organisms, thereby reducing 
the number of spots required in a traditional DNA array. The sparsity in 
DNA sequence commonality between different organisms translates to 
conditions that render Belief Propagation (BP) ideal for signal decoding. 
However a high concentration of target molecules has a nonlinear effect 
on the measurements - it causes saturation in the spot intensities. We 
propose a tailored BP technique to estimate the target signal in spite 
of the nonlinearity and show that the original signal coefficients can be 
recovered from saturated values of their linear combinations.

Monday, August 27, 15:30 - 17:30

Detection and Estimation Theory II
Time:	 Monday, August 27, 15:30 - 17:30
Location:	 Meeting Room N

Poster 1	
ON THE PREDICTION OF A MULTI-BAND SIGNAL FROM 
PAST SAMPLES
Juan Miguel Medina, Bruno Cernuschi Frías, Universidad de Buenos 
Aires-CONICET, Argentina

We prove that under suitable conditions, a multi-band wide sense 
stationary signal/stochastic process can be predicted at a current instant t 
with arbitrarely small error using past samples taken at uniform rate, this 
result resembles one obtained by A. Papoulis for band-limited signals .

Poster 2	
CAN REINFORCEMENT LEARNING ALWAYS PROVIDE THE 
BEST POLICY?
Zhansheng Duan, Huimin Chen, University of New Orleans, United 
States

Reinforcement learning deals with how to find the best policy under 
uncertain environment to maximize some notion of long term reward. In 
sequential decision making, it is often expected that the best policy can 
be designed by choosing appropriate reward or penalty for each action. In 
this paper, we provide a counterexample to show that the best sequential 
decision rule can not be obtained by the choice of any reward function in 
the reinforcement learning framework. In fact, the best policy, namely, 
the randomized sequential probability ratio test, can only be learned 
via a rather unconventional formulation of the reinforcement learning. 
The implication to the design of classifier combining method is also 
discussed.

Poster 3	
MULTISCALE GAUSSIAN GRAPHICAL MODELS AND 
ALGORITHMS FOR LARGE-SCALE INFERENCE
Myung Jin Choi, Alan Willsky, Massachusetts Institute of Technology, 
United States

We propose a class of multiscale graphical models and algorithms to 
estimate means and approximate error variances of large-scale Gaussian 
processes efficiently. Based on emerging techniques for inference on 
Gaussian graphical models with cycles, we extend traditional multiscale 
tree models to pyramidal graphs which incorporate both inter- and intra- 
scale interactions. In the spirit of multipole algorithms, we develop efficient 
inference methods in which variables far-apart communicate through 
coarser resolutions and nearby variables interact at finer resolutions. 
In addition, we propose methods to update the estimates rapidly when 
measurements are added or new knowledge of a local region is provided.

Poster 4	
ANNOTATED MINIMUM VOLUME SETS FOR 
NONPARAMETRIC ANOMALY DISCOVERY
Clayton Scott, University of Michigan, United States; Eric Kolaczyk, 
Boston University, United States

We consider an anomaly detection problem, wherein a combination of 
typical and anomalous data are observed and it is necessary to identify the 
anomalies in this particular dataset without recourse to labeled exemplars. 
We take as our goal to produce an annotated ranking of the observations, 
indicating the relative priority for each to be examined further as a possible 
anomaly, while making no assumptions on the distribution of typical 
data. We propose a framework in which each observation is linked to a 
corresponding minimum volume set and, implicitly adopting a hypothesis 
testing perspective, each set is associated with a test. An inherent 
ordering of these sets yields a natural ranking, while the association of 
each test with a false discovery rate yields an appropriate annotation. 
The combination of minimum volume set methods with false discovery 
rate principles, in the context of data contaminated by anomalies, is new 
and estimation of the key underlying quantities requires that a number of 
issues be addressed. We offer some solutions to the relevant estimation 
problems, and illustrate the proposed methodology on synthetic and 
computer network traffic data.

Poster 5	
ROBUSTNESS VIA A TRADEOFF BETWEEN FISHER 
INFORMATION AND RELATIVE ENTROPY
Lichun Li, Joseph A. O’Sullivan, Washington University in St. Louis, 
United States

We look at the problem of finding the worst-case distribution in a 
convex family of distributions defined as those whose relative entropy, 
relative to a nominal distribution, is less than a threshold. The worst-case 
distribution is selected as the one whose Fisher information for the mean 
of the distribution is the lowest. This problem is connected to a penalized 
maximum likelihood estimation problem. We present a novel algorithm 
for computing this worst-case (robust) distribution, show implementation 
results and analyze properties of the robust distribution.

Poster 6	
LIMITATIONS OF SPECTRAL CORRELATION BASED 
DETECTORS
Omar A. Yeste-Ojeda, Jesús Grajal, Universidad Politécnica de Madrid, 
Spain

This work explores the capabilities of spectral correlation based detectors 
for partially or completely unknown signals corrupted by Gaussian noise. 
The main contribution is twofold: Firstly, the cyclostationary model is 
shown to be less suitable for detection purposes than the stationary model. 
Secondly, analytic approximations are derived for the detection and false 
alarm probabilities, under the assumption of long observation time.
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Poster 7	
MAXIMIZING DETECTION PERFORMANCE WITH 
WAVEFORM DESIGN FOR SENSING IN HEAVY SEA 
CLUTTER
Ying Li, Sandeep Sira, Antonia Papandreou-Suppappola, Douglas 
Cochran, Louis Scharf, Arizona State University, United States

In this paper, we consider a radar system capable of adaptively adjusting 
its transmitted waveform to mitigate the effect of the environment and 
improve detection performance. We thus bring the potential of waveform 
agility to bear on the challenging problem of target detection in heavy 
sea clutter. Using a two-stage procedure, we first estimate the statistics 
of the sea clutter in the vicinity of a predicted target. A phase-modulated 
waveform is then designed and transmitted so as to maximize the 
generalized likelihood ratio at the predicted target location, thus improving 
the signal-to-clutter ratio (SCR). Employing the compound-Gaussian 
(CG) model, we exploit a subspace-based approach to further mitigate sea 
clutter and deliver improved detection performance. Simulations illustrate 
the effectiveness of our method.

Poster 8	
RATE-DISTORTION BOUNDS FOR SPARSE 
APPROXIMATION
Alyson Fletcher, University of California, Berkeley, United States; 
Sundeep Rangan, QUALCOMM Flarion Technologies, United States; 
Vivek Goyal, Massachusetts Institute of Technology, United States

Sparse signal models arise commonly in audio and image processing. 
Recent work in the area of compressed sensing has provided estimates 
of the performance of certain widely-used sparse signal processing 
techniques such as basis pursuit and matching pursuit. However, the 
optimal achievable performance with sparse signal approximation remains 
unknown. This paper provides bounds on the ability to estimate a sparse 
signal in noise. Specifically, we show that there is a critical minimum 
signal-to-noise ratio (SNR) that is required for reliable detection of the 
sparsity pattern of the signal. We furthermore relate this critical SNR to 
the asymptotic mean squared error of the maximum likelihood estimate 
of a sparse signal in additive Gaussian noise. The critical SNR is a simple 
function of the problem dimensions.

Monday, August 27, 15:30 - 17:30

Monte Carlo Methods II
Time:	 Monday, August 27, 15:30 - 17:30
Location:	 Meeting Room O

Poster 1	
RISK SENSITIVE PARTICLE FILTERS FOR MITIGATING 
SAMPLE IMPOVERISHMENT
Umut Orguner, Fredrik Gustafsson, Linkoping University, Sweden

Risk-sensitive filters (RSF) put a penalty to higher-order moments of the 
estimation error compared to conventional filters as the Kalman filter 
minimizing the mean square error. The result is a more cautious filter, 
which can be interpreted as an implicit and automatic way to increase 
the state noise covariance. On the other hand, the process of jittering, 
or roughening, is well-known in particle filters to mitigate sample 
impoverishment. The purpose of this contribution is to introduce risk-
sensitive particle filters (RSPF) as an alternative approach to mitigate 
sample impoverishment based on constructing explicit risk functions 
from a general class of factorizable functions.

Poster 2	
STOCHASTIC CONTINUATION - OPENING NEW HORIZONS 
TO SOLVING DIFFICULT OPTIMIZATION PROBLEMS
Marc Robini, Isabelle Magnin, CREATIS, France

Simulated annealing (SA) and its deterministic analog, namely 
continuation, are well-known approaches to global optimization. SA is 
asymptotically optimal but converges very slowly, whereas deterministic 
continuation is much less computationally demanding but is suboptimal. 
In this paper, we introduce a new class of hybrid algorithms which 
combines the theoretical advantages of SA with the practical advantages 
of deterministic continuation. We call this class of algorithms stochastic 
continuation (SC). We show that SC inherits the convergence properties 
of generalized SA under fairly mild assumptions and that it can be 
successfully applied to piecewise constant signal reconstruction. Our 
numerical experiments indicate that SC substantially outperforms SA.

Poster 3	
SIMPLIFIED MARGINALIZED PARTICLE FILTERING FOR 
TRACKING MULTIMODAL POSTERIORS
Ting Lu, Monica F. Bugallo, Petar M. Djuric, Stony Brook University, 
United States

In this paper we introduce a simplified marginalized particle filtering 
method for dynamic systems with nonlinear and conditionally linear states 
with the marginal posteriors of the nonlinear states being multimodal. We 
propose a particle filter that employs Rao-Blackwellization by only one 
Kalman filter per mode for marginalizing the unknown linear states of the 
system. The validity of the method is tested through computer simulations 
by applying it to a tracking problem with only two static sensors 
measuring received signal strength. The results show that the new particle 
filter performs similarly as that based on traditional Rao-Blackwellization 
while at the same time it requires much less computations.

Poster 4	
BLOCK-BASED TVAR MODELS FOR SINGLE-CHANNEL 
BLIND DEREVERBERATION OF SPEECH FROM A MOVING 
SPEAKER
James Hopgood, Christine Evers, Institute for Digital Communications, 
United Kingdom

In reverberant environments, a moving speaker yields a dynamically 
changing source-sensor geometry giving rise to a spatially-varying acoustic 
impulse response (AIR) between the source and sensor. Consequently, 
this leads to a time-varying convolutional relationship between the source 
signal and the observations and thus spectral colouration of the received 
signal. It is therefore desirable to reduce the effect of reverberation. In 
this paper, a model-based approach is proposed for single-channel blind 
dereverberation of speech from a moving speaker acquired in an acoustic 
environment. The sound source is modelled by a block-based time-varying 
autoregressive (TVAR) process, and the channel by a linear time-varying 
all-pole filter. In each case, the AR parameters are represented as a linear 
combination of known basis functions with unknown weightings. The 
speech model captures local nonstationarity while taking account of the 
global nonstationary characteristics inherent in long segments of speech. 
As an initial step towards single-channel blind dereverberation of real 
speech signals, this paper presents simulation results for synthetic data to 
demonstrate the algorithm developed.
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Poster 5	
ROBUST CONTROL VARIATES FOR MONTE CARLO 
INTEGRATION
Jing Gu, Patrick J. Wolfe, Harvard University, United States

Monte Carlo methods are widely used tools employed to estimate 
functionals of a probability distribution that may be difficult to sample 
from directly. Given additional information about the distribution or 
functional of interest, it is often possible to employ variance reduction 
techniques such as the well-known method of control variates. However, 
as implemented in practice, this method essentially reduces the empirical 
sample variance, and is not robust to coefficient estimation error as the 
number of control variate functions increases. Here we propose two 
extensions that robustify the control variates method--diagonal and variable 
loading--and show how to realize them via an iterative implementation 
that significantly reduces computational cost. These methods are validated 
using test cases that clearly demonstrate the shortcomings of traditional 
control variates techniques.

Poster 6	
IMPROVING THE PERFORMANCE OF THE TWO-
STAGE SAMPLING PARTICLE FILTER: A STATISTICAL 
PERSPECTIVE
Jimmy Olsson, Eric Moulines, Ecole Nationale Supérieure des 
Télécommunications, France; Randal Douc, Ecole Polytechnique, 
France

In this paper we study asymptotic properties of weighted samples produced 
by the two-stage sampling (TSS) particle filter, which is a generalization of 
the auxiliary particle filter proposed by Pitt and Shephard (1999). Besides 
establishing a central limit theorem (CLT) for the particle estimator of the 
smoothing measure, we also present bounds on the Lp error and bias of 
the same for a finite particle sample size. The main contribution of this 
article, being based on (Douc et al., 2006), is the identification of first-
stage importance weights for which the increase of asymptotic variance 
of the CLT at a single iteration of the algorithm is minimal. Finally, we let 
a simple numerical example illustrate our findings.

Poster 7	
IMPROVED TRACKING OF AIRBORNE TARGETS HIDDEN IN 
THE BLIND DOPPLER USING PARTICLE FILTER
Shichuan Du, Zhiguo Shi, Wei Zang, Kangsheng Chen, Zhejiang 
University, China

In airborne tracking, the blind Doppler makes the target undetectable, 
resulting in great tracking difficulties. In this paper, we sum up two 
types of the blind Doppler cases under constant velocity constraint: 
targets’ intentional tangential flying to radar and unintentional flying also 
leading to the blind Doppler. We propose an improved particle filter by 
introducing two different levels of noise to the movement model and one 
of them is a random acceleration noise. This acceleration selection added 
to the sampling step makes the constant velocity model efficient in dealing 
with maneuvering motions (i.e. escape turns). We compare the proposed 
particle filter with the extended Kalman filter and previous particle filter 
solution. Simulation results show that the proposed method out-performs 
previous ones in tracking accuracy and continuity.

Tuesday, August 28, 10:30 - 12:30

Compressed Sensing
Time:	 Tuesday, August 28, 10:30 - 12:30
Location:	 Meeting Room P
Chair:	 Justin Romberg, Georgia Institute of Technology

Poster 1	
MULTICHANNEL IMAGE ESTIMATION VIA 
SIMULTANEOUS ORTHOGONAL MATCHING PURSUIT
Ray Maleh, Anna Gilbert, University of Michigan, United States

In modern imaging systems, it is possible to collect information about 
an image on multiple channels. The simplest example is that of a color 
image which consists of three channels (i.e. red, green, and blue). 
However, there are more complicated situations such as those that arise in 
hyperspectral imaging. Furthermore, most of these images are sparse or 
highly compressible. We need not measure thoroughly on all the channels 
in order to reconstruct information about the image. As a result, there 
is a great need for efficient algorithms that can simultaneously process 
a few measurements on all channels. In this paper, we discuss how the 
Simultaneous Orthogonal Matching Pursuit (SOMP) algorithm can 
reconstruct multichannel images from partial Fourier measurements, 
while providing more robustness to noise than multiple passes of ordinary 
Orthogonal Matching Pursuit (OMP) on every channel. In addition, we 
discuss the use of SOMP in extracting edges from images that are sparse 
in the total-variational sense.

Poster 2	
TOEPLITZ-STRUCTURED COMPRESSED SENSING 
MATRICES
Waheed U. Bajwa, Jarvis Haupt, University of Wisconsin-Madison, 
United States; Gil Raz, GMR Research & Technology, United States; 
Stephen J. Wright, Robert Nowak, University of Wisconsin-Madison, 
United States

The problem of recovering a sparse signal x from a relatively small 
number of its observations of the form y = Ax, where A is a known k x n 
matrix and k << n, has recently received a lot of attention under the rubric 
of compressed sensing (CS) and has applications in many areas of signal 
processing such as data compression, image processing, dimensionality 
reduction, etc. Recent work has established that if A is a random matrix 
with entries drawn independently from certain probability distributions 
then exact recovery of x from these observations can be guaranteed with 
high probability. In this paper, we show that Toeplitz-structured matrices 
with entries drawn independently from the same distributions are also 
sufficient to recover x from y with high probability, and we compare the 
performance of such matrices with that of fully independent and identically 
distributed ones. The use of Toeplitz matrices in CS applications has 
several potential advantages: (i) they require the generation of only O(n) 
independent random variables; (ii) multiplication with Toeplitz matrices 
can be efficiently implemented using fast Fourier transform, resulting 
in faster acquisition and reconstruction algorithms; and (iii) Toeplitz-
structured matrices arise naturally in certain application areas such as 
system identification.
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Poster 3	
SPARSE SIGNAL RECONSTRUCTION FROM NOISY 
COMPRESSIVE MEASUREMENTS USING CROSS 
VALIDATION
Petros Boufounos, Marco Duarte, Richard Baraniuk, Rice University, 
United States

Compressive sensing is a new data acquisition technique that aims 
to measure sparse and compressible signals at close to their intrinsic 
information rate rather than their Nyquist rate. Recent results in 
compressive sensing show that a sparse or compressible signal can be 
reconstructed from very few incoherent measurements. Although the 
sampling and reconstruction process is robust to measurement noise, 
all current reconstruction methods assume some knowledge of the noise 
power or the acquired signal to noise ratio. This knowledge is necessary 
to set algorithmic parameters and stopping conditions. If these parameters 
are set incorrectly, then the reconstruction algorithms either do not fully 
reconstruct the acquired signal (underfitting) or try to explain a significant 
portion of the noise by distorting the reconstructed signal (overfitting). 
This paper explores this behavior and examines the use of cross validation 
to determine the stopping conditions for the optimization algorithms. We 
demonstrate that by designating a small set of measurements as a validation 
set it is possible to optimize these algorithms and reduce the reconstruction 
error. Furthermore we explore the trade-off between using the additional 
measurements for cross validation instead of reconstruction.

Poster 4	
DIMENSIONALITY REDUCTION OF MANIFOLD-MODELED 
DATA VIA RANDOM PROJECTIONS
Michael Wakin, California Institute of Technology, United States

We discuss a new approach for nonadaptive dimensionality reduction of 
manifold-modeled data, demonstrating that a small number of random 
linear projections can preserve key information about a manifold-
modeled signal. In particular, we consider the effect of a random linear 
projection operator $\Phi: R^N \rightarrow R^M$, $M < N$, on a smooth 
$K$-dimensional submanifold $\mathcal{M} \subset R^N$. As our 
main theoretical contribution, we establish a sufficient number $M$ of 
random projections to guarantee that, with high probability, all pairwise 
Euclidean and geodesic distances between points on $\mathcal{M}$ 
are well-preserved under the mapping $\Phi$. Our results bear strong 
resemblance to the emerging theory of Compressive Sampling (CS), in 
which sparse signals can be recovered from small numbers of random 
linear measurements. Like the fundamental CS bound, our requisite $M$ 
is linear in the information level $K$ and logarithmic in the ambient 
dimension $N$; we also identify a logarithmic dependence on the volume 
and curvature of the manifold. We also compare and contrast with existing 
techniques in manifold learning, where dimensionality reducing mappings 
are typically nonlinear and constructed adaptively from training data.

Poster 5	
ARCHITECTURES FOR COMPRESSIVE SAMPLING
Justin Romberg, Georgia Institute of Technology, United States

Several recent results in Compressive Sampling show that a sparse signal 
(i.e. one which can be compressed in a known orthobasis) can be efficiently 
acquired by taking linear measurements against random test functions. In 
practice, however, it is difficult to build sensing devices which take these 
types of measurements. In this presentation, we will show how to extend 
some of the results in Compressive Sampling to measurement systems 
which are more amenable to real-world implementation. We will discuss 
applications to radar and coherent imaging.

Poster 6	
AN INTERIOR-POINT METHOD FOR LARGE-SCALE L_1-
REGULARIZED LEAST SQUARES
Seung-Jean Kim, Kwangmoo Koh, Michael Lustig, Stephen Boyd, Stanford 
University, United States

There has been a growing interest in $\ell_1$ regularization based 
methods for sparse signal reconstruction (e.g., basis pursuit denoising 
and compressed sensing) and feature selection (e.g., the Lasso algorithm) 
in signal processing, statistics, and related fields. These problems can be 
cast as $\ell_1$-regularized least squares programs (LSPs), which can 
be reformulated as convex quadratic programs (QPs), and then solved 
by several standard methods such as interior-point methods, at least for 
small and medium size problems. In this paper we describe a specialized 
interior-point method for solving large-scale $\ell_1$-regularized LSPs 
that uses the preconditioned conjugate gradients (PCG) algorithm to 
compute the search direction. The interior-point method can solve large 
sparse problems with a million variables with high accuracy in a few tens 
of minutes on a PC. It can efficiently solve very large dense problems, that 
arise in sparse signal recovery with orthogonal transforms, by exploiting 
fast algorithms for these transforms. The method is illustrated on a 
magnetic resonance imaging (MRI) data set.

Tuesday, August 28, 10:30 - 12:30

Time Reversal
Time:	 Tuesday, August 28, 10:30 - 12:30
Location:	 Meeting Room Q
Co-Chairs:	 Persefoni Kyritsi, Aalborg University and Jose Moura, 

Carnegie Mellon University

Poster 1	
FURTHER THEORETICAL CONSIDERATIONS FOR TIME-
REVERSAL MUSIC IMAGING OF EXTENDED SCATTERERS
Edwin Marengo, Northeastern University, United States

This research develops further the theory of time-reversal multiple signal 
classification (MUSIC) imaging of extended (nonpoint-like) scatterers 
developed in earlier papers.

Poster 2	
SPATIAL FOCUSING AND INTERFERENCE REDUCTION 
USING MISO TIME REVERSAL IN AN INDOOR 
APPLICATION
Xin Zhou, Patrick Claus Friedrich Eggers, Persefoni Kyritsi, Jørgen 
Bach Andersen, Gert Frølund Pedersen, Jesper Ødum Nilsen, Aalborg 
University, Denmark

This paper evaluates the spatial focusing performance of the Time 
Reversal (TR) method in a multiple input single output (MISO) situation 
with experimental data. For the target user, the received signal is related 
to the channel link from the transmitter to the target receiver. The 
received power increases as we enlarge the array size, and it increases 
by 15.6dB with 16 transmit antennas, compared to the single link. For 
the eavesdropper, the received signal is determined by both the channel 
link from the transmitter to the target user and the channel link from the 
transmitter to the eavesdropper. In terms of unbalanced branch power, the 
minimum average Eavesdropping Margin (EM) and Peak Eavesdropping 
Margin (EMPeak) are 14dB and 13dB from 16 transmit elements.
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Poster 3	
A COMPUTATIONAL STUDY OF TIME REVERSAL 
TECHNIQUES FOR ULTRA-WIDEBAND MICROWAVE 
HYPERTHERMIA TREATMENT OF BREAST CANCER
Panagiotis Kosmas, Earl Zastrow, Susan C. Hagness, Barry D. Van Veen, 
University of Wisconsin-Madison, United States

We present a computational study of the application of time reversal 
(TR) principles to microwave hyperthermia treatment of breast cancer. 
A wideband source is excited at the tumor location in an electromagnetic 
(EM) simulation based on the finite-difference time-domain (FDTD) 
method. The FDTD-computed signals are recorded at multiple antenna 
locations and time-reversed for transmission into the breast. The same 
set of signals is also used in a comparative investigation of a space-time 
beamforming technique, which has been previously studied for microwave 
hyperthermia. We discuss the relation between these two approaches, 
and compare the focusing efficacy and heating selectivity of the TR and 
beamforming approaches using FDTD EM and thermal simulations with 
anatomically realistic numerical breast phantoms. Promising results from 
both methods are obtained.

Poster 4	
TIME REVERSAL TARGET CLASSIFICATION FROM 
SCATTERED RADIATION
Yuanwei Jin, Jose’ M. F. Moura, Yi Jiang, Dan Stancil, Nick O’Donoughue, 
Carnegie Mellon University, United States

This paper proposed the M-ary hypothesis testing algorithm for classifying 
radar backscatter signals from hidden targets in a rich scattering 
environment using time reversal. The target recognition algorithm is to 
be designed to distinguish measurements of the radar backscatter from an 
unknown object as belonging to one of a set of $M$ classes. The proposed 
time reversal target classifier is, in essence, a correlator that calculates the 
cross-correlation of the normalized target signature waveforms with a data 
dependent quantity obtained from measurements. The algorithm requires 
a-priori empirical statistical knowledge of the scattering channel, which 
is dependent of configurations of the scatterers in the environment. By 
incorporating time reversal, the proposed algorithm provides a significant 
performance improvement compared with the conventional method. 
Proof of concept is provided using electromagnetic data collected in a 
laboratory environment.

Poster 5	
IN SITU COMPRESSIVE SENSING
Lawrence Carin, Dehong Liu, Ya Xue, Duke University, United States

Compressive sensing (CS) is a framework that exploits the compressible 
character of most natural signals, allowing the accurate measurement of 
an m-dimensional real signal u in terms of n<<m real measurements v. 
The CS measurements may be represented in terms of an n×m matrix 
that defines the linear relationship between v and u. In this paper we 
demonstrate that similar linear mappings of the form u ? v are manifested 
naturally by wave propagation in complex media, and therefore in situ 
CS measurements may be performed simply by exploiting the complex 
propagation and scattering properties of natural environments. A similar 
phenomenon is observed in time-reversal imaging, to which connections 
are made. In addition to presenting the basic in situ CS framework,a 
simple but practical example problem is considered.

Tuesday, August 28, 10:30 - 12:30

New Methods, Directions and Applications
Time:	 Tuesday, August 28, 10:30 - 12:30
Location:	 Meeting Room L

Poster 1	
DETECTING SIGNAL STRUCTURE FROM RANDOMLY-
SAMPLED DATA
Frank Boyle, L-3 Communications, Integrated Systems, United States; 
Jarvis Haupt, University of Wisconsin-Madison, United States; Gerald 
Fudge, Chen-Chu A. Yeh, L-3 Communications, Integrated Systems, 
United States

Recent theoretical results in Compressive Sensing (CS) show that sparse 
(or compressible) signals can be accurately reconstructed from a reduced 
set of linear measurements in the form of projections onto random vectors. 
The associated reconstruction consists of a nonlinear optimization 
that requires knowledge of the actual projection vectors. This work 
demonstrates that random time samples of a data stream could be used to 
identify certain signal features, even when no time reference is available. 
Since random sampling suppresses aliasing, a small (sub-Nyquist) set of 
samples can represent high-bandwidth signals. Simulations were carried 
out to explore the utility of such a procedure for detecting and classifying 
signals of interest.

Poster 2	
SEMIPARAMETRIC ROBUST MULTITAPER SPECTRUM 
ESTIMATES
David J. Thomson, Queen’s University, Canada

This paper describes combinations of multitaper and high--resolution, 
\emph{e.g.}, Music or Prony--like estimates with an emphasis on 
robustness. The necessity for such estimates has been driven by problems 
in seismology, space physics, and cellular phone systems. Determination 
of the seismic ``noise’’ spectrum is constrained by available data between 
earthquakes, by the presence of many discrete modes (the so--called 
``sesmic hum’’), and by poorly understood cyclostationarity that appears 
to operate at daily, the lunar $M_2$ tidal frequency, and possibly other 
periods.. Thus one would like to estimate complicated modal structure 
from data containing many outliers and strong tidal components. The 
approach described here uses multitaper demodulates with a robustness 
weight

Poster 3	
ESTIMATION OF ROOM ACOUSTIC TRANSFER FUNCTION 
USING SPEECH MODEL
Tetsuya Takiguchi, Yuji Sumida, Yasuo Ariki, Kobe University, Japan

This paper presents a sound source localization method using only a single 
microphone, where the GMM (Gaussian Mixture Model) of clean speech 
is introduced to estimate the acoustic transfer function from a user’s 
position. The new method is able to estimate it without measuring impulse 
responses. The sequence of the acoustic transfer function is estimated by 
maximizing the likelihood of training data uttered from a position, where 
the cepstral parameters are used due to effectively represent useful clean 
speech. Using the estimated sequence data, the GMM of the acoustic 
transfer function is created to deal with the influence of a room impulse 
response. Then, for each test data, we find a GMM having the maximum-
likelihood from among the estimated GMMs corresponding to each 
position. Its effectiveness is confirmed by talker direction experiments in 
a room environment.
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Poster 4	
BEAM PARAMETER ESTIMATION FOR BEAM POSITION 
MEASUREMENTS AT THE SIS18 ACCELERATOR
Andreas Galatis, GSI, Germany; Abdelhak M. Zoubir, Technische 
Universität Darmstadt, Germany

A new approach for digital Beam Position Monitor (BPM) measurements, 
dedicated to accelerators using bunched particle beams is introduced. The 
aim is to create a stand-alone system which provides a bunch-by-bunch 
resolution in time, as well as a position resolution of 100µm for each 
bunch. This resolution provides a precise beam position, which can be 
used for a better control of following acceleration cycles, and improve the 
quality of off-line analysis. The online bunch-by-bunch modus provides 
data for a feedback system to optimize acceleration parameters. The 
implemented model gives a good estimate for different bunch parameters 
during acceleration, which are needed for the reconstruction of the beam 
position. We concentrate on the estimation and the acquisition of the 
beam parameters as defined by our bunch model.

Poster 5	
BAYESIAN SOURCE SEPARATION APPLIED TO 
IDENTIFYING COMPLEX ORGANIC MOLECULES IN SPACE
Kevin Knuth, Man Kit Tse, Joshua Choinsky, Haley Maunu, University 
at Albany, United States; Duane Carbon, NASA Ames Research Center, 
United States

Emission from a class of benzene-based molecules known as Polycyclic 
Aromatic Hydrocarbons (PAHs) dominates the infrared spectrum of 
star-forming regions. The observed emission appears to arise from the 
combined emission of numerous PAH species, each with its unique 
spectrum. Linear superposition of the PAH spectra identifies this problem 
as a source separation problem. It is, however, of a formidable class of 
source separation problems given that different PAH sources potentially 
number in the hundreds, even thousands, and there is only one measured 
spectral signal for a given astrophysical site. Fortunately, the source 
spectra of the PAHs are known, but the signal is also contaminated by other 
spectral sources. We describe our ongoing work in developing Bayesian 
source separation techniques relying on nested sampling in conjunction 
with an ON/OFF mechanism enabling simultaneous estimation of the 
probability that a particular PAH species is present and its contribution 
to the spectrum.

Poster 6	
A CHANNEL SHORTENING APPROACH FOR NONLINEAR 
ACOUSTIC ECHO CANCELLATION
Kun Shi, Xiaoli Ma, G. Tong Zhou, Georgia Institute of Technology, 
United States

Acoustic echo cancellers (AECs) are critical for enhancing the audio 
quality in many telecommunication systems. The problem is challenging 
because the long room impulse response slows the convergence rate and 
increases the computational complexity of the AEC designs. Nonlinearity 
in the power amplifier or the loudspeaker further exacerbates the problem. 
In this paper, we propose a novel AEC algorithm when the loudspeaker-
enclosure-microphone system is described by a Hammerstein model. We 
show that by introducing a shortening filter, the length of the “effective” 
acoustic echo path is reduced considerably. An adaptive algorithm is 
developed for the proposed nonlinear AEC structure; its effectiveness is 
illustrated by computer simulations.

Poster 7	
USING HMMS TO IDENTIFY GROUPS IN A PATIENT 
POPULATION: A SIMULATION
Jill Slaboda, J. Robert Boston, Thomas Rudy, University of Pittsburgh, 
United States

This study assessed the reliability, through a simulation study, of using 
hidden Markov models (HMMs) to identify groups of chronic lower back 
pain (CLBP) subjects. Two HMMs were designed to describe the lifting 
patterns of CLBP subjects and pain-free controls during a repetitive lifting 
task. The simulation study was conducted to determine how reliably the 
HMMs can detect intentionally misclassified simulated lifting sequences. 
The results of the simulation studies indicate that the HMMs can reliably 
identify sequences to the correct model and that HMM classification 
procedure can be used on clinical time series data to identify groups 
within a population.

Poster 8	
VARIABLE PROJECTION AND UNFOLDING IN 
COMPRESSED SENSING
Joel Goodman, Benjamin Miller, MIT Lincoln Laboratory, United States; 
Gil Raz, GMR Research & Technology, United States; Andrew Bolstad, 
University of Wisconsin-Madison, United States

The performance of linear programming techniques that are applied in 
the signal identification and reconstruction process in compressed sensing 
(CS) is governed by both the number of measurements taken and the 
number of non-zero coefficients in the discrete orthormal basis used to 
represent the signal. To enhance the capabilities of CS, we have developed 
a technique called Variable Projection and Unfolding (VPU) to extend 
the identification and reconstruction capability of linear programming 
techniques to signals with a much greater number of non-zero coefficients 
in the orthonormal basis in which the signals are best compressible.

Tuesday, August 28, 10:30 - 12:30

Sensor Networks I
Time:	 Tuesday, August 28, 10:30 - 12:30
Location:	 Meeting Room M

Poster 1	
LOCALIZATION AND TRAJECTORY ESTIMATION OF 
MOBILE OBJECTS WITH A SINGLE SENSOR
Xu Chen, Dan Schonfeld, Ashfaq Khokhar, University of Illinois at 
Chicago, United States

The localization problem in mobile sensors is aimed at identifying the 
spatial location of an object with reference to a known coordinate system. 
Existing solutions assume that multiple (generally three or more) sensors 
around the object know their positions and the solution is obtained by using 
a triangulation scheme. Such solutions are not computationally feasible 
when the object or sensor are moving. In this paper, we present a novel 
method to solve the localization problem for an object whose position 
is unknown using a single moving sensor whose position is known. The 
proposed method relies on multiple time samples from the moving sensor 
to estimate the trajectory of the moving object. We derive the Cramer-Rao 
bound for the localization parameters and use an unscented Kalman filter 
to estimate the parameters from noisy measurements.
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Poster 2	
ANYTIME OPTIMAL DISTRIBUTED KALMAN FILTERING 
AND SMOOTHING
Ioannis Schizas, Georgios Giannakis, Stergios Roumeliotis, Alejandro 
Ribeiro, University of Minnesota, United States

Distributed algorithms are derived for estimation and smoothing of 
nonstationary dynamical processes based on correlated observations 
collected by ad hoc wireless sensor networks (WSNs). Specifically, 
distributed Kalman filtering (KF) and smoothing algorithms are derived 
for any-time minimum mean-square error (MMSE) optimal consensus-
based state estimation using WSNs. The novel distributed filtering/
smoothing approach is flexible to trade-off estimation delay for MSE 
reduction, while it exhibits robustness in the presence of communication 
noise. Numerical examples demonstrate the merits of the proposed 
approach with respect to existing alternatives.

Poster 3	
DISTRIBUTED SCHEDULING IN WIRELESS SENSOR 
NETWORKS UNDER HETEROGENEITY AND IMPERFECT 
CHANNEL STATE INFORMATION
Javier Matamoros, Carles Antón-Haro, Centre Tecnologic de 
Telecomunicacions de Catalunya (CTTC), Spain

In this paper, we propose and analyze an energy-efficient opportunistic 
random access scheme for wireless sensor networks. The scheme allows 
for the simultaneous transmission of multiple observations to the fusion 
center (where a Successive Interference Cancellation scheme is assumed 
to be available), this resulting in a reduced system latency for a pre-defined 
parameter estimation quality. We provide both analytical and numerical 
expressions of the overall energy consumption and system latency in 
two practical situations: (1) when only imperfect (noisy) estimates of 
the sensor-FC propagation channel are available and, (2) in the presence 
of non-identically distributed propagation channels due, for instance, to 
different path-loss conditions.

Poster 4	
ACTIVE WIRELESS SENSING IN MULTIPATH 
ENVIRONMENTS
Thiagarajan Sivanadyan, Akbar Sayeed, University of Wisconsin-
Madison, United States

Active Wireless Sensing (AWS) was recently introduced as a viable 
alternative and complementary approach to in-network processing 
techniques for rapid and energy-efficient retrieval of information in 
wireless sensor networks. The basic architecture in AWS consists of: i) a 
wireless information retriever (WIR), equipped with an antenna array, that 
interrogates a select ensemble of wireless sensors with wideband space-
time waveforms, ii) the sensors modulating the acquired waveforms with 
their (possibly encoded) measured data to generate a multipath ensemble 
response to the WIR’s interrogation signal, and iii) the WIR retrieving the 
sensor data by exploiting the space-time characteristics of the resulting 
multipath sensing channel. A key idea behind AWS in line-of-sight 
(LOS) environments is to separate the individual sensor responses from 
the ensemble received signal at the WIR by resolving them in angle 
and delay at a resolution commensurate with the spatio-temporal signal 
space. In this paper, we investigate the challenging problem of AWS in 
multipath environments in which the sensor signals reach the WIR via 
propagation over multiple scattering paths. While multipath scattering 
has a detrimental effect on narrowband sensor transmissions due to 
the phenomenon of fading, our results show that the use of wideband 
waveforms in AWS allows for exploitation of multipath scattering in two 
important aspects. First, the presence of non-line-of-sight (NLOS) signal 
paths, in addition to LOS paths, results in a higher sensor signal energy 
capture at the WIR thereby increasing energy efficiency. Second, while 
the ability to distinguish sensors in a LOS environment is limited by the 
physical sensor spacing, the coupling of each sensor’s signal through 
multiple paths to the WIR increases the effective dimension of the angle-
delay signature of each sensor, thereby increasing the sensor resolution 
at the WIR. Thus, AWS over multipath environments can support 
higher sensor densities thereby accommodating finer-scale sensing (and 
larger information rates) compared to LOS sensing environments. The 
advantages of multipath scattering in AWS are explored and quantified 
both analytically and through realistic simulations.

Poster 5	
POWER-EFFICIENT DIMENSIONALITY REDUCTION FOR 
DISTRIBUTED CHANNEL-AWARE KALMAN TRACKING 
USING WIRELESS SENSOR NETWORKS
Hao Zhu, Ioannis Schizas, Georgios Giannakis, University of Minnesota, 
United States

Estimation and tracking of nonstationary dynamical processes is of 
paramount importance in various applications including localization and 
navigation. The goal of this paper is to perform such tasks in a distributed 
fashion using data collected at power-limited sensors communicating 
with a fusion center (FC) over noisy links. For a prescribed power budget, 
linear dimensionality reducing operators are derived per sensor to account 
for the sensor-FC channel and minimize the mean-square error (MSE) of 
Kalman filtered state estimates formed at the FC. Using these operators 
and state predictions fed back from the FC online, sensors compress 
their local innovation sequences and communicate them to the FC where 
tracking estimates are corrected. Analysis and corroborating simulations 
confirm that the novel channel-aware distributed tracker outperforms 
competing alternatives.
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Poster 6	
ON SENSING CAPACITY OF SENSOR NETWORKS FOR A 
CLASS OF LINEAR OBSERVATION MODELS
Shuchin Aeron, Manqi Zhao, Venkatesh Saligrama, Boston University, 
United States

In this paper we derive fundamental information theoretic upper and 
lower bounds to sensing capacity of sensor networks for several classes of 
linear observation models under fixed SNR. We define sensing capacity 
as the number of signal dimensions that can be reliably identified per 
sensor measurement. The signal sparsity plays an important role in this 
context. First we derive lower bounds to probability of error by extending 
the Fano’s inequality to handle arbitrary distortion in reconstruction 
and continuous signal spaces. It turns out that a necessary condition for 
signal reconstruction to within an average distortion level is that the rate 
distortion at the given level of sparsity should be less than the mutual 
information between the signal and the observations. Through a suitable 
expansion of the mutual information term we isolate the effect of \
emph{structure} of the sensing matrix on sensing capacity. Subsequently 
we analyze this effect for several interesting classes of sensing matrices 
that arise naturally in the context of sensor networks under different 
scenarios. First we show the effect of sensing diversity - which is 
related to the field coverage per sensor- on sensing capacity for random 
ensembles of sensing matrices. We show that low diversity implies low 
sensing capacity. However sufficiently large diversity can be traded off 
for SNR and signal sparsity. Then we consider deterministic sensing 
matrices and evaluate a general upper bound to sensing capacity. As a 
special case we show that a random LTI filter type structuresuffers from 
low diversity. Next we consider the ensemble of $\{0,1\}$ matrices and 
show that random sampling is better than contiguous location sampling. 
Thus the bounds presented in this paper provide guidelines for designing 
efficient sensor network architectures.

Poster 7	
ANCHOR-BASED RANGE-FREE DISTRIBUTED 
LOCALIZATION IN WIRELESS SENSOR NETWORKS
Mehdi Essoloh, Cédric Richard, Hichem Snoussi, University of Technology 
of Troyes, France

In this paper, we introduce a distributed strategy for localization in a 
connected wireless sensor network composed of limited range sensors. 
Our distributed algorithm is computed through the network and provides 
sensor position estimation from local connectivity measurements. This 
work takes advantage of a conditionally and locally convex criterion that 
is easier to compute than the non-convex Kruskal’s stress. In addition, 
no initialization is required such as estimating distances between sensors 
and absolute reference positions. Our iterative technique is distributed 
among sensors and guarantees the minimization of a global cost function. 
It might be used in a Mobile Ad-hoc Network framework (MANet) thanks 
to its fast convergence, its low computational cost and its much higher 
accuracy compared to state-of-the-art methods.

Tuesday, August 28, 10:30 - 12:30

Communication Systems and Networks I
Time:	 Tuesday, August 28, 10:30 - 12:30
Location:	 Meeting Room N

Poster 1	
CONSTRAINED CROSS-CUMULANT BASED MULTIUSER 
DETECTION FOR UPLINK CDMA
Ping Liu, Akansas Tech University, United States; Zhengyuan Xu, 
University of California, Riverside, United States

In this paper, a cross-cumulant based blind multiuser detection scheme 
is proposed for an uplink CDMA system. By imposing a code-aided 
constraint on each user’s receiver and minimizing the cross cumulant of 
the output signals from all receivers, we show that the proposed approach 
is capable of detecting all users’ signals in parallel without user ambiguity. 
The global convergence of the proposed algorithm is established. The 
resulted detectors are proven to be zero-forcing ones. Furthermore, the 
constraints are treated as unknown parameters and jointly optimized with 
the receivers to achieve performance gain. Adaptive implementation is 
discussed. Simulation results verify the satisfactory performance of the 
proposed approach in typical communication scenarios.

Poster 2	
HYBRID GBAR/NONLINEAR TIME-SERIES METHOD FOR 
GENERATION OF SYNTHETIC VBR VIDEO TRAFFIC
Christopher Pladdy, MITRE Corp., United States

For nonlinear chaotic systems, irregular outputs can be produced from 
deterministic equations of motion in an autonomous manner; that is with 
time-independent inputs. We use methods from nonlinear time series 
to generate synthetic VBR video data. We propose a hybrid algorithm 
which combines methods from nonlinear time-series analysis to produce 
downsampled VBR data at the relevant time scale and interpolates 
between this downsampled data by using the GBAR statistical model for 
synthetic VBR video data. Such synthetic VBR video data are useful in 
many different aspects of performance evaluation and resource allocation 
for networks. We contrast the algorithm with other methods of synthetic 
data generation.

Poster 3	
MULTIUSER TRANSMIT BEAMFORMING DESIGN FOR SINR 
MAXIMIZATION IN COOPERATIVE MIMO SYSTEMS
Songnan Xi, Michael Zoltowski, Purdue University, United States

Multiuser multiple-input multiple-output (MIMO) systems are considered 
in this paper. Increasing interest in cooperative communication has made 
it of great significance to explore how to utilize, at multiple transmitters, 
the full multiuser channel state information, which is the collection of the 
channel state information between each of the users and the base station. 
Thus, we continue our research on uplink transmit beamforming design 
for multiple users in MIMO systems, assuming complete cooperation 
among users such that the full multiuser channel state information is 
known not only to the receiver but also to all the transmitters. We propose 
an algorithm for designing optimal beamforming weights in terms of 
maximizing the signal-to-interference-noise ratio (SINR). Through 
statistical modelling, we decouple the original mathematically intractable 
optimization problem and achieved a closed-form solution. As in our 
previous work, the minimum mean-squared error (MMSE) receiver with 
ordered successive interference cancellation (SIC) is adopted for multiuser 
detection. The proposed scheme is compared with the jointly optimized 
transceiver design and our previously proposed eigen-beamforming 
algorithm. Simulation results demonstrate that our algorithm, with 
much less computational burden than the jointly optimized approach, 
accomplishes either almost the same or even better performance than the 
jointly optimized transceiver for various MIMO channels, and always 
works better than our previously proposed algorithm.
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Poster 4	
LOW COMPLEXITY CREST FACTOR REDUCTION FOR 
FORWARD LINK CDMA USING IQ OFFSET
Hua Qian, Marvell Semiconductor Inc., United States; Chunming Zhao, 
G. Tong Zhou, Georgia Institute of Technology, United States

Forward link code division multiple access (CDMA) signals generally have 
large crest factors, giving rise to low power efficiency of the transmission 
system. Crest factor reduction (CFR) for forward link CDMA is called for 
to improve the system power efficiency. In this paper, we propose a CFR 
algorithm that reduces the probability of simultaneous occurrences of high 
peaks between the in-phase and the quadrature branches. The proposed 
algorithm is distortionless, offers good CFR capability with very little 
modification to the existing system and has low computational complexity. 
Simulation results are provided to demonstrate the performance of the 
proposed CFR technique.

Poster 5	
COMPRESSED NETWORK MONITORING
Mark Coates, Yvan Pointurier, Mike Rabbat, McGill University, Canada

This paper describes a procedure for estimating a full set of network path 
metrics, such as loss or delay, from a limited number of measurements. 
The approach exploits the strong spatial and temporal correlation observed 
in path-level metric data, which arises due to shared links and stationary 
components of the observed phenomena. We design diffusion wavelets 
based on the routing matrix to generate a basis in which the signals are 
compressible. This allows us to exploit powerful non-linear estimation 
algorithms that strive for sparse solutions. We demonstrate our results 
using measurements of end-to-end delay in the Abilene network. Our 
results show that we can recover network mean end-to-end delay with 
95% accuracy while monitoring only 4% of the routes.

Poster 6	
A COMPARISON OF SNDR MAXIMIZATION TECHNIQUES 
FOR OFDM
Robert J. Baxley, G. Tong Zhou, Georgia Institute of Technology, United 
States

When an orthogonal frequency division multiplexing (OFDM) signal is 
transmitted through a peak-power limited device, system designers must 
choose from several options to deal with the large dynamic range problem 
of OFDM. In this paper, we are interested in comparing i) clipping with 
gain, ii) modified piece-wise linear scaling (MPWLS) and iii) piecewise 
optimized clipping (PWOC) techniques in terms of the signal-to-noise-
plus-distortion ratio (SNDR) metric. Existing work has shown that on a 
per-sample basis, clipping with a judiciously chosen gain and clipping 
ratio, dubbed uniform optimized clipping (UOC), can maximize the 
SNDR. Here, we are interested in comparing the performance of UOC 
with MPWLS and PWOC, two methods that allow for symbol-wise 
SNDR maximization. Through comparison, we show that the symbol-wise 
methods provide a slightly higher SNDR compared to UOC. However, 
this increase in performance comes at the expense of higher complexity.

Poster 7	
A ROBUST STATISTICAL APPROACH TO NON-LINE-OF-
SIGHT MITIGATION
Chin-Heng Lim, Temasek Laboratories@NTU, Singapore; Abdelhak 
Zoubir, Darmstadt University of Technology, Germany; Chong-Meng 
Samson See, DSO National Laboratories, Singapore; Boon-Poh Ng, 
Nanyang Technological University, Singapore

Mitigation of non-line-of-sight (NLoS) errors in the geolocation problem 
has received much attention. It is well-known that these errors degrade 
the robustness and accuracy of localization systems, whereby localization 
is performed using time-of-arrival (ToA) measurements. In this paper, 
we propose a robust approach to mitigate the NLoS effect in location 
estimation. The approach is based on modeling NLoS errors as $\
epsilon$-contaminated Gaussian noise, which masks the unknown ToA. 
We then suggest a non-parametric estimate of the noise density, obtained 
from observations. It provides robustness against the outliers caused by 
the NLoS errors common in urban areas. Simulation results show an 
improvement over conventional approaches.

Tuesday, August 28, 10:30 - 12:30

Array Processing, Radar and Sonar I
Time:	 Tuesday, August 28, 10:30 - 12:30
Location:	 Meeting Room O

Poster 1	
CLASSIFICATION OF OBJECTS IN SYNTHETIC APERTURE 
SONAR IMAGES
Bradley Marchand, Naoki Saito, Hong Xiao, University of California, 
Davis, United States

This paper discusses an approach for the classification of objects in 
Synthetic Aperture Sonar (SAS) images and its benefit over other 
approaches. Our approach fully utilizes raw sonar waveforms scattered 
from objects. To do so, we first locate objects of interest in an image 
obtained by SAS processing. Then we extract the portions of the raw 
sonar waveforms responsible for forming those imaged objects from the 
whole raw sonar data. We align/straighten these extracted waveforms 
for localized discriminant feature analysis from which we obtain local 
features used for classification. We demonstrate the usefulness of our 
approach using real experimental sonar data.

Poster 2	
ADAPTIVE TECHNIQUE FOR CLUTTER AND NOISE 
SUPRESSION IN WEATHER RADAR EXPOSES WEAK 
ECHOES OVER AN URBAN AREA
Svetlana Bachmann, Cooperative Institute for Mesoscale Meteorological 
Studies, United States; Victor DeBrunner, Florida State University, 
United States; Dusan Zrnic, National Severe Storm Laboratory, United 
States; Mark Yeary, University of Oklahoma, United States

We present an adaptive spectral technique for ground clutter and noise 
suppression in weather radar echoes. This technique is especially good 
for detecting weak echoes that are either submerged in noise or masked 
by the residuals from ground clutter if standard techniques for clutter 
suppression are used. Our technique is demonstrated on two clear air 
cases observed with Doppler weather radar on February 22, 2007 and 
March 6, 2007. Adaptively suppressed ground clutter and noise allow 
exposure of a feature over an urban area, which we interpret as a “bird 
highway” between two lakes and along the river.

Poster 3	
DETECTION OF SMALL AIRCRAFT WITH DOPPLER 
WEATHER RADAR
Svetlana Bachmann, Cooperative Institute for Mesoscale Meteorological 
Studies, United States; Victor DeBrunner, Florida State University, 
United States; Dusan Zrnic, National Severe Storm Laboratory, United 
States

We present a method that can be performed in parallel to reflectivity 
estimation in weather radar and that allows one to detect small aircraft. 
Though small aircraft and large birds might produce comparable 
reflectivity signals their spectral signatures are considerably different. A 
small aircraft with propellers can be recognized from its spectrum via 
modulations produced by Doppler shifts from rotating parts. Generally 
such a spectrum has an elevated spectral floor compared to the spectrum 
of a resolution volume without an airplane. The spectral floor level is used 
for detection. The method is demonstrated on a clear air case observed 
with Doppler weather radar on March 6, 2007 at elevation 0.5 degree.
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Poster 4	
FAST ENCODING OF SYNTHETIC APERTURE RADAR RAW 
DATA USING COMPRESSED SENSING
Sujit Bhattacharya, Thomas Blumensath, Bernard Mulgrew, Mike Davies, 
Edinburgh University, United Kingdom

Synthetic Aperture Radar (SAR) is active and coherent microwave high 
resolution imaging system, which has the capability to image in all weather 
and day-night conditions. SAR transmits chirp signals and the received 
echoes are sampled into In-phase (I) and Quadrature (Q) components, 
generally referred to as raw SAR data. The various modes of SAR 
coupled with the high resolution and wide swath requirements result in a 
huge amount of data, which will easily exceed the on-board storage and 
downlink bandwidth of a satellite. This paper addresses the compression 
of the raw SAR data by sampling the signal below Nyquist rate using 
ideas from Compressed Sensing (CS). Due to the low computational 
resources available onboard satellite, the idea is to use a simple encoder, 
with a 2D FFT and a random sampler. Decoding is then based on convex 
optimization or uses greedy algorithms such as Orthogonal Matching 
Pursuit (OMP).

Poster 5	
EM-ESPRIT ALGORITHM FOR DIRECTION FINDING WITH 
NONUNIFORM ARRAYS
Carine El Kassis, José Picheral, Supélec, France; Chafic Mokbel, 
University of Balamand, Lebanon

This paper deals with the problem of the Direction Of Arrival (DOA) 
estimation with nonuniform linear arrays. The proposed method is a 
combination of the Expectation Maximization (EM) and the ESPRIT 
methods. The EM algorithm interpolates the nonuniform array to an 
equivalent uniform array, and then, the application of ESPRIT is possible, 
in order to estimate the DOA. One of this method novelties lies in its 
capacity of dealing with any nonuniform array geometry. This technique 
manifests significant performance and computational advantages over 
previous algorithms such as MUSIC, specially in the preasymptotic 
domain, and the comparison with the theoretical Cramer-Rao Bounds 
(CRB) shows its efficiency.

Poster 6	
APERTURE-VARYING AUTOREGRESSIVE MODELING OF 
MULTIPLE SPREAD SOURCES
Yuri I. Abramovich, Defence Science Technology Organisation, Australia; 
Ben A. Johnson, RLM Management, Pty. Ltd., Australia; Louis L. Scharf, 
Colorado State University, United States

Parametric models introduced for the covariance matrix of a mixture 
of spread sources in M-element antenna arrays allow for a significant 
reduction of training sample support required for accurate (adaptive) 
estimation, if properly chosen. Depending on the spreading mechanism, 
these models may vary dramatically, and therefore in non-homogeneous 
scenarios with both spread and non-spread sources, selection of a signal 
parametric model for the covariance matrix of the entire mixture is 
problematic. As a natural generalization of stationary AR(m) models, 
we therefore suggest aperture-varying autoregressive models AVAR(m), 
with reasonably low order m required for sufficiently accurate covariance 
matrix approximation in most cases. An AVAR(m) order estimation 
procedure is also introduced.

Tuesday, August 28, 15:30 - 17:30

Cross-Cutting Research in Array Signal Processing for Radar and 
Communications

Time:	 Tuesday, August 28, 15:30 - 17:30
Location:	 Meeting Room P
Chair:	 Anna Scaglione, Cornell University

Poster 1	
OPTIMAL BEAMPATTERN SYNTHESIS OF A POLARIZED 
ARRAY
Jin-Jun Xiao, Arye Nehorai, Washington University, United States

Utilizing the polarization information in waveforms about targets 
enables improving the performance of radar systems. We consider the 
optimal synthesis of the polarized beampattern of an array of antennas, 
each having two orthogonal electric-dipole elements. We control the 
amplitudes and phases of the electric fields emitted from these dipole 
antennas to synthesize the electromagnetic beam with desired power 
and polarization patterns. The problem is formulated in a convex form 
which is thus efficiently solvable. We compare the performance of two 
synthesizing methods: (i) separate design of the two co-aligned dipole 
antenna sub-arrays; and (ii) joint design of the cross-dipole antenna array. 
Our results indicate that these two separate designs have the equivalent 
capability of suppressing the sidelobe power density, whereas the joint 
design has the additional advantage of controlling the beam polarizations. 
The results are also demonstrated by numerical examples.

Poster 2	
MIMO RADAR WAVEFORM DESIGN
Yang Yang, Rick Blum, Lehigh University, United States

Recently the radar community has been discussing “multiple-input 
multiple-output (MIMO) radar” that utilizes multiple transmitters to 
transmit independent waveforms. MIMO radar offers the potential for 
significant gains, e.g., diversity gain and spatial resolution gain. Since the 
employed radar waveform plays a key role in determining the accuracy, 
resolution, and ambiguity in performing tasks such as determining the 
target range, velocity, shape and so on, it is meaningful to investigate 
waveform design specially for this newly proposed MIMO radar. This 
paper summarizes some of our recent results on MIMO radar waveform 
design, mainly for identification and classification of extended radar targets. 
Our waveform design considers optimizing two criteria: maximization of 
the mutual information (MI) and minimization of the minimum mean-
square error (MMSE). In this process, we are also interested in identifying 
the relationship between the waveforms obtained under the two criteria, 
given different a prior knowledge of the target’s second-order statistics.

Poster 3	
WAVEFORM SYNTHESIS FOR DIVERSITY-BASED 
TRANSMIT BEAMPATTERN DESIGN
Petre Stoica, Uppsala University, Switzerland; Jian Li, Xumin Zhu, Bin 
Guo, University of Florida, United States

Transmit beampattern design is a critically important task in many 
fields including defense and homeland security as well as biomedical 
applications. Flexible transmit beampattern designs can be achieved by 
exploiting the waveform diversity offered by an array of sensors that 
transmit probing signals chosen at will. Recently proposed techniques 
for waveform diversity-based transmit beampattern design have focused 
on the optimization of the covariance matrix R of the waveforms, as 
optimizing a performance metric directly with respect to the waveform 
matrix is a more complicated operation. Given an R, the problem becomes 
that of determining a signal waveform matrix X whose covariance matrix 
is equal or close to R, and which also satisfies some practically motivated 
constraints. We propose a cyclic optimization algorithm for the synthesis 
of such an X, which (approximately) realizes a given optimal covariance 
matrix R under various practical constraints. A number of numerical 
examples are presented to demonstrate the effectiveness of the proposed 
algorithm.
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Poster 4	
SIMULTANEOUS TRANSMISSION AND RECEPTION FOR 
IMPROVED WIRELESS NETWORK PERFORMANCE
Dan Bliss, Peter Parker, Adam Margetts, Massachusetts Institute of 
Technology, United States

One of the limiting factors in ad hoc wireless mesh networks using 
traditional physical layer techniques is the inability to transmit and receive 
at the same frequency simultaneously. As a consequence, careful time-slot 
or frequency-reuse planning is required. This has adverse network data-
rate and latency implications. The focus of this paper is a demonstration 
of signal processing techniques that enable simultaneous transmission 
and reception. These techniques employ informed-transmitter multiple-
input multiple-output (MIMO) links. A combination of adaptive transmit 
and receive antenna array approaches is exploited. A number of important 
types of networking limitations can be resolved given simultaneous 
transmit and receive technology. The first example is the simultaneous 
link problem. By employing transmit and receive spatial adaptivity, two 
links can operate in close proximity using the same frequency at the same 
time. Another example is the full duplex relay node. Using the same 
frequency for both links, a given node can simultaneously receive packets 
from one node while forwarding them to another. For practical systems, 
two issues dominate performance: channel estimation error, often caused 
by stale estimates of the channel at the transmitter, and dynamic range 
limitations of the transmitter and receiver. These issues are investigated. 
Theoretical, simulated, and experimental results are presented.

Poster 5	
DOPPLER RESILIENT GOLAY COMPLEMENTARY PAIRS 
FOR RADAR
Ali Pezeshki, Robert Calderbank, Princeton University, United States; 
Stephen D. Howard, Defence Science Technology Organisation, 
Australia; William Moran, University of Melbourne, Australia

We present a systematic way of constructing a Doppler resilient sequence 
of Golay complementary waveforms for radar, for which the composite 
ambiguity function maintains ideal shape at small Doppler shifts. The 
idea is to determine a sequence of Golay pairs that annihilates the low-
order terms of the Taylor expansion of the composite ambiguity function. 
The Prouhet-Thue-Morse sequence plays a key role in the construction of 
Doppler resilient sequences of Golay pairs. We extend this construction 
to multiple dimensions. In particular, we consider radar polarimetry, 
where the dimensions are realized by two orthogonal polarizations. We 
determine a sequence of two-by-two Alamouti matrices, where the entries 
involve Golay pairs and for which the matrix-valued composite ambiguity 
function vanishes at small Doppler shifts.

Tuesday, August 28, 15:30 - 17:30

Imaging and Computer Vision
Time:	 Tuesday, August 28, 15:30 - 17:30
Location:	 Meeting Room Q
Chair:	 Yosi Keller, Ben Gurion University of the Negev

Poster 1	
IMPROVED JPEG DECOMPRESSION OF DOCUMENT 
IMAGES BASED ON IMAGE SEGMENTATION
Tak-Shing Wong, Charles A. Bouman, Ilya Pollak, Purdue University, 
United States

We propose a JPEG decompression algorithm for document images based 
on image segmentation. Our segmentation algorithm classifies each JPEG 
block of the image into one of three classes: text, background, or picture. 
We develop a different decoding strategy for each class and apply this 
strategy to every block in this class. Our experiments demonstrate that 
this approach can improve the quality of JPEG decompression.

Poster 2	
REVEALED MARKOV MODELS
Yosi Keller, Bar Ilan University, Israel

Non parametric modeling of high dimensional random processes is at the 
heart of pattern recognition. It is of particular interest, as density estimation 
techniques become inherently difficult for such signals. In this work we 
apply a dual layer Markov scheme, where we first spectrally embed the 
input signal. This allows us to reduce both its dimensionality and state-
space. Based on the notion of diffusion distances, this state-space reduction 
approach, can be shown to be optimal. Given the reduced state space we 
are able to directly compute the temporal transition probabilities, related 
to the reduced state-space, without the need for iterative EM estimate as 
in most HMM schemes. We apply our approach to speech recognition.

Poster 3	
RIEMANNIAN METRICS FOR IMAGE SPACES
Guy Lebanon, Purdue University, United States

It is often necessary to endow the manifold of images or bounded real-
valued matrices with a general purpose geometry. Due to the spatial 
relationship between pixels, and the bounded nature of brightness values, 
the popular Euclidean geometry is not a good choice. We consider 
several choices of metrics for such spaces of increasing complexity 
levels. Based on the framework of Riemannian geometry, our family of 
metrics generalizes the notions of curvature and linear decision surfaces 
in addition to defining a distance function. We discuss the relationship 
between the family of Riemannian metrics and standard geometries for 
images and illustrate its applicability for statistical analysis of images.

Poster 4	
RANDOM COMPUTED TOMOGRAPHY AND PROTEIN 
STRUCTURING
Yoel Shkolnisky, Amit Singer, Ronald Coifman, Fred Sigworth, Yale 
University, United States

Recovering the three-dimensional structure of proteins is an important tool 
for understanding their properties and functionality. We describe a spectral 
algorithm for reconstructing the three-dimensional structure of molecules 
from their CryoEM images, taken at random unknown orientations. The 
algorithm utilizes the geometry induced by the Fourier slice theorem 
to construct a matrix whose eigenvectors reveal the orientation of each 
of the projection images. The presented algorithm does not require any 
prior model for the reconstructed object, unlike existing algorithms which 
assume some prior model and improve iteratively by associating it to the 
projection images. Moreover, a common assumption in CryoEM imaging 
is that the projections are acquired at random uniformly distributed 
orientations. Physically, this corresponds to assuming that the molecule 
has no preferred orientation. Our algorithm makes no such assumption and 
successfully reconstructs objects with preferred space orientations. This 
work is a collaboration with Amit Singer and Ronald Coifman from the 
Department of Mathematics at Yale University, and Fred Sigworth from 
the Department of Cellular and Molecular Physiology at Yale School of 
Medicine.
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Poster 5	
SPECTRAL DIFFUSION AS A MEANS TO EXTRACT 
FEATURES FROM NERVE AND RADAR IMAGES
Steven Damelin, Georgia Southern University, United States; Yossi 
Keller, Bar Ilan University, Israel

The main purpose of this work is to outline methods of the authors to 
analyze radar and ultrasound images by building adaptive filters. Our 
methods are motivated by a novel approach used recently by the authors 
to identifying nerves in the brachial nerve plexus. Here, an adaptive filter 
to identify nerves in healthy human neck ultrasound images is constructed 
which turns out to be useful for the analysis of radar data. Our methods 
employ spectral, nonlinear diffusion methods which build an adaptive 
learning filter via patches and dimension reduction. References: [1] 
Y. Ma, S. B. Damelin, O. Masoud and N. Papanikolopoulos, Activity 
Recognition via Classification Constrained Diffusion Maps, ISCV 
2006, LNCS, 4291, 2006, pp 1-8. [2] S. B. Damelin and A. J. Devaney, 
Local Paley Wiener theorems for analytic functions on the unit sphere, 
Inverse Problems, (23)(2007), pp 1-12. [3] S. B. Damelin, On Bounds 
for Diffusion, Discrepancy and Fill Distance Metrics, Principal Manfolds, 
Springer Verlag 2007, Editor, A. Gorban. [4] J. H Ann, P. Bigeleisen 
and S. B. Damelin, Image segmentation of nerves by ultrasound using 
modified Mumford-Shah and prior information methods, submitted. 
signatures and their applications, in preparation. [5] R. Xu, S. B. Damelin 
and D. Wunsch, Clustering of Cancer Tissues Using Diffusion Maps And 
Fuzzy ART with Gene Expression Data, IEEE, EMBC07(Engineering in 
Medicine and Biology Society) to appear.

Tuesday, August 28, 15:30 - 17:30

Communication Systems and Networks II
Time:	 Tuesday, August 28, 15:30 - 17:30
Location:	 Meeting Room L

Poster 1	
JOINT ANTENNA AND USER SELECTION ALGORITHM FOR 
UPLINK MULTIUSER MIMO SYSTEMS USING SEQUENTIAL 
MONTE CARLO OPTIMIZATION
Yangyang Zhang, University of Oxford, United Kingdom; Chunlin Ji, 
Duke University, United States; Wasim Malik, Yi Liu, Dominic O’Brien, 
David Edwards, University of Oxford, United Kingdom

A cross-layer optimization design is developed for the uplink of multiuser 
multiple-input multiple-output (MIMO) systems, in which the user-based 
selection scheduling is executed at the medium access control (MAC) 
layer, while the antenna selection is performed at the physical (PHY) 
layer. In order to obtain the optimal cross-layer design, a framework 
based on sequential Monte Carlo (SMC) optimization is presented to 
jointly consider the user and antenna selection. With the proposed joint 
user and antenna selection algorithm, the sum capacity of the multiuser 
MIMO uplink converges to within 99% of that obtained by exhaustive 
search method, while the complexity is substantial low.

Poster 2	
ITERATIVE SEMI-BLIND BLUE ESTIMATION OF CHANNEL 
STATE INFORMATION FOR THE ASYNCHRONOUS GMAC 
WITH MEMORY
Christopher Pladdy, Robert Taylor, MITRE Corp., United States

In this paper we propose a technique for estimating the channel impulse 
response with respect to each source transmitter in an asynchronous 
scalar Gaussian multiple access channel (GMAC) with complex-valued 
intersymbol interference (ISI). We give an algorithm for iterative best 
linear unbiased estimation (BLUE) for two separate channel impulse 
responses for two strong received signals. We demonstrate the algorithm 
with simulation results in an idealized case where we have full knowledge 
of the interfering transmitter’s channel impulse response and contrast 
these results with other known channel estimation techniques such as 
correlation and least squares.

Poster 3	
ROBUST ENERGY EFFICIENT COOPERATIVE SPECTRUM 
SENSING IN COGNITIVE RADIOS
George Atia, Erhan Ermis, Venkatesh Saligrama, Boston University, 
United States

A crucial task for a network of cognitive radios is to detect occupied 
frequency bands, to protect transmissions of primary users, and to identify 
spectrum holes (unoccupied bands) to maximize the utilization of wasted 
resources. This paper is motivated by the need to account for challenging 
constraints that naturally arise in such applications such as channel model 
uncertainties and demanding sensitivity constraints of the sensing devices. 
We propose a False Discovery Rate (FDR) based cooperative strategy 
to sense the occupancy of the spectrum. The proposed strategy is robust 
to significant uncertainties such as lack of CSI, fading and shadowing 
effects. Furthermore, it is shown that the cooperative sensing strategy 
significantly reduces sensitivity requirements. We quantify the effect of 
channel occupancy rate on the required cooperation degree for achieving 
a guaranteed level of primary user protection.

Poster 4	
POWER CONTROL FOR WIRELESS CELLULAR SYSTEMS 
VIA D.C. PROGRAMMING
Khoa Phan, Sergiy Vorobyov, Chintha Tellambura, University of Alberta, 
Canada; Tho Le-Ngoc, McGill University, Canada

Power control at the base station is typically used in wireless cellular 
networks in order to optimize the transmission subject to quality of service 
(QoS) constraints. It has been shown that the power control problem in 
the wireless cellular network framework can be efficiently solved using 
the so-called geometric programming. However, in order to enable the 
application of geometric programming the signal to interference ratio 
(SIR) has been considered instead of signal to interference plus noise 
ratio (SINR). Such problem reformulation is imprecise and might be loose 
because it does not take into account the noise component, especially for 
low signal to noise ratio (SNR) operation. In this paper, we show that the 
power control problem for wireless cellular systems can be efficiently 
solved via the so-called difference of two convex functions (D.C.) 
programming. Numerical simulation example demonstrates significant 
performance advantages of the proposed approach.
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Poster 5	
EQUALIZATION FOR OFDM WITH MULTIPLE DELAY-
DOPPLER PATHS USING CONJUGATE GRADIENTS WITH 
CHEBYSHEV PRECONDITIONING
Chad Lau, Michael Zoltowski, Purdue University, United States

This paper considers the performance of iterative solution techniques 
applied to equalization for OFDM with multiple delay-Doppler paths. An 
MMSE yields satisfactory BER, but requires the inversion of an NxN 
matrix. In order to reduce computational complexity, inverting large 
matrices is avoided by applying the method of conjugate gradients (CG). 
Proper use of preconditioning can accelerate CG by reducing the number 
of steps required for convergence. The performance and efficiency of a 
polynomial-based preconditioner is analyzed, wherein an approximate 
inverse of the MMSE estimator is formed from a linear combination of 
matrix-valued Chebyshev polynomials. The results of a simulation study 
are presented, demonstrating that Chebyshev-preconditioning substantially 
reduces the number of CG steps required to achieve performance close to 
that of the MMSE estimator.

Poster 6	
EFFICIENT ADAPTIVE CARRIER TRACKING FOR MARS 
TO EARTH COMMUNICATIONS DURING ENTRY, DESCENT 
AND LANDING
Cassio G. Lopes, University of California, Los Angeles, United States; 
Edgar H. Satorius, Polly Estabrook, JPL/NASA, United States; Ali H. 
Sayed, University of California, Los Angeles, United States

In the Mars rover missions the signals transmitted back to Earth travel 
under low SNR conditions in highly non-stationary channels [1], [2]. 
During the entry, descent and landing phase (EDL), the spacecraft high 
dynamics yields severe Doppler effects. We propose a robust and low 
complexity scheme to estimate and track carrier frequency from the 
received signals at the Earth end. The method employs a hierarchical 
arrangement of convex linear prediction cells that is dynamically adapted 
to respond to the channel conditions. The adaptive combination is able to 
outperform the best individual estimator in the set, leading to a universal 
scheme for frequency estimation and tracking. In order to compensate the 
lag error effect, we explore an efficient forward and backward aggregation 
scheme that improves considerably the frequency RMS error as compared 
to the original method [3].

Poster 7	
SNDR ANALYSIS FOR TRANSCEIVER NONLINEARITIES IN 
AWGN CHANNELS
Chunming Zhao, Robert J. Baxley, G. Tong Zhou, Georgia Institute of 
Technology, United States

Nonlinear effects can significantly degrade the performance of 
communication systems. We propose a signal-to-noise-and-distortion ratio 
(SNDR) analysis framework for the general case when nonlinearities exist 
at both the transmitter and the receiver. In some cases, the nonlinearities 
can be modeled by polynomials, and closed-form expressions for the 
SNDR are possible. We provide examples to illustrate the usefulness of 
the analysis and the insight that it provides.

Poster 8	
ITERATIVE STACK-BASED DETECTION FOR UNKNOWN ISI 
CHANNELS
Jill Nelson, George Mason University, United States

We propose a turbo-style receiver for detecting convolutionally-encoded 
data transmitted over multiple unknown dispersive channels. The 
receiver employs two Bayesian maximum likelihood sequence detectors 
(BMLSD), each of which uses a stack-based tree search algorithm to 
generate an estimate of the transmitted data. The detectors exchange soft 
information about the underlying bits, thereby reducing the number of 
branch explorations required to detect a transmitted block. The proposed 
structure is particularly attractive when receiver memory is limited, as the 
iterative exchange of priors can overcome the erasures typically associated 
with small stack size in tree search algorithms. Simulation results show 
that the turbo-BMLSD receiver achieves significant performance gains 
over the original BMLSD algorithm and approaches the performance of 
MLSD for a known channel.

Tuesday, August 28, 15:30 - 17:30

Array Processing, Radar and Sonar II
Time:	 Tuesday, August 28, 15:30 - 17:30
Location:	 Meeting Room M

Poster 1	
FIRST-ORDER PERTURBATION ANALYSIS OF SINGULAR 
VECTORS IN SINGULAR VALUE DECOMPOSITION
Jun Liu, Xiangqian Liu, University of Louisville, United States; Xiaoli 
Ma, Georgia Institute of Technology, United States

The perturbation analysis of singular value decomposition (SVD) has 
been well documented in the literature within the context of subspace 
decomposition. The contribution of the signal subspace to the perturbation 
of the singular vectors that span the signal subspace is often ignored as 
it is treated as second and higher order terms, and thus the first-order 
perturbation is typically given as the column span of the noise subspace. 
In this paper, we show that not only the noise subspace, but also the signal 
subspace, contribute to the first-order perturbation of the singular vectors. 
We further show that the contribution of the signal subspace does not 
impact on the performance analysis of algorithms that rely on the signal 
subspace for parameter estimation, but it affects the analysis of algorithms 
that depends on the individual basis vectors. For the latter, we also give 
a condition under which the contribution of the signal subspace to the 
perturbation of singular vectors may be ignored in the statistical sense.

Poster 2	
JOINT PARTICLE FILTER AND UKF POSITION TRACKING 
UNDER STRONG NLOS SITUATION
Jose Huerta, Technical University of Catalonia, Spain; Audrey Giremus, 
UMR 5218/IMS, France; Josep Vidal, Technical University of Catalonia, 
Spain; Jean-Yves Tourneret, IRIT / ENSEEIHT, France

The location performance within a wireless communication system is 
severely impaired by biases introduced in the range measures because 
of the Non-Line-Of-Sight (NLOS) condition, caused by obstacles in 
the transmitted signal path. Usually not all the base stations (BS) are in 
NLOS, and the knowledge of the LOS-NLOS situation for each measure 
can improve the final positioning accuracy. This paper studies the use of 
a Particle Filter (PF) to track the LOS-NLOS situation for each BS. A 
Rao-Blackwellized approach is used to estimate both the position, by an 
appropriate Unscented Kalman Filter (UKF), and the situation, by a PF. 
The approach shows a remarkable reduction in positioning error and a 
high degree of scalability in terms of performance versus complexity.
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Poster 3	
ITERATIVE ROBUST CAPON BEAMFORMER
Siew Eng Nai, Wee Ser, Zhuliang Yu, Nanyang Technological University, 
Singapore; Susanto Rahardja, Institute for Infocomm Research, 
Singapore

Many adaptive beamforming algorithms deteriorate drastically in 
practical applications because they are highly sensitive to mismatches 
between exploited assumptions and the actual characteristics of the sensor 
array, environment and sources. Recently, the Robust Capon Beamformer 
(RCB) is derived which utilizes the uncertainty set of the desired array 
steering vector and is capable of handling arbitrary array steering vector 
mismatches. However, when large steering vector mismatches occur, 
the uncertainty set has to be expanded to accommodate for the increased 
uncertainty and this degrades the output signal-to-interference-plus-noise 
ratio (SINR) of the RCB. In this paper, an iterative RCB is proposed 
which makes use of a small uncertainty sphere to search for the desired 
array steering vector. This proposed method provides higher SINR than 
the conventional RCB by avoiding the use of a large uncertainty search 
sphere. Unlike the conventional RCB, this iterative RCB does not require 
knowledge of the uncertainty level in the desired array steering vector. 
Theoretical analysis and computer simulations illustrate the effectiveness 
of the proposed beamformer.

Poster 4	
FASTICA-BASED BLIND SIGNAL SEPARATION AND ITS 
APPLICATION TO RADIO SURVEILLANCE
Koichi Ichige, Mitsuharu Imai, Hiroyuki Arai, Yokohama National 
University, Japan

This paper presents an efficient blind signal separation scheme for radio 
surveillance of digital modulation signals using FastICA algorithm. 
FastICA (Fast Independent Component Analysis) enables very fast 
optimum weight calculation without any prior information in separating 
signals by array processing. We first analyze the undesired phase 
rotation of separated signals caused by FastICA, and then study the 
compensation technique for the rotation. Moreover, we evaluate signal 
separation accuracy and computational cost of the proposed algorithm in 
comparison with conventional algorithms through computer simulation 
and experiments.

Poster 5	
A ROBUST MVDR SPECTRUM ESTIMATION TECHNIQUE
Mahdi Nezafat, Mostafa Kaveh, University of Minnesota, United States; 
Hiroyuki Tsuji, National Institute of Information and Communications, 
Japan

A major problem in applying Minimum Variance Distortionless Response 
(MVDR) beamformer, also known as Capon beamformer, in operational 
systems is the potential sensitivity to mismatch between actual and 
assumed models for the array response and/or the received signals used to 
derive the beamformer. Typical mismatches that have been addressed are 
DOA mismatch, sensor gain and phase perturbation, and sensor position 
perturbation. The subject of mutual coupling, for the most part, has been 
ignored in the development of algorithms for robust beamforming. In this 
paper, we present an extension of a previously developed robust MVDR 
beamformer that takes into account the mutual coupling between elements 
of the antenna array and the uncertainties in the array response and in the 
mutual coupling explicitly. We present several experimental results using 
measurements that were carried out in an anechoic chamber.

Poster 6	
TIGHTER MEAN-SQUARED ERROR BOUNDS ON KURTOSIS-
BASED FAST-ICA
Matthew D. Kleffner, Douglas L. Jones, University of Illinois, United 
States

FastICA is a widely-used independent component analysis technique 
for blindly separating mixtures of instantaneously-mixed, independent 
sources recorded with multiple sensors. When using FastICA to estimate 
one source in interference, the unbiased mean-squared error can be 
bounded from above by the Schniter-Tong bounds on Shalvi-Weinstein 
estimators. We derive tighter upper bounds by extending both the Schniter-
Tong proof and the Schniter-Johnson proof of upper bounds on constant-
modulus estimators. These tighter bounds also exist over a wider range 
of sources and channels; existence gaps of over an order of magnitude of 
minimum-mean-squared error have been observed.

Tuesday, August 28, 15:30 - 17:30

Statistical Image Analysis and Imaging
Time:	 Tuesday, August 28, 15:30 - 17:30
Location:	 Meeting Room N

Poster 1	
REGISTRATION OF JOINT GEOMETRIC AND 
RADIOMETRIC IMAGE DEFORMATIONS IN THE PRESENCE 
OF NOISE
Shahar Z. Kovalsky, Guy Cohen, Joseph M. Francos, Ben-Gurion 
University, Israel

We consider the problem of object registration where the observed template 
simultaneously undergoes an affine transformation of coordinates and a 
non-linear mapping of the intensities. More generally, the problem is that 
of jointly estimating the geometric and radiometric deformations relating 
two observations on the same object. We show that, in the absence of 
noise, the original high dimensional non-convex search problem that 
needs to be solved in order to register the observation to the template 
is replaced by an equivalent problem, expressed in terms of a sequence 
of two linear systems of equations. A solution to this sequence provides 
an exact solution to the registration problem. It is further shown that in 
the presence of noise, the original stochastic registration problem can be 
mapped, almost surely, to a new deterministic problem in the form of a 
classic deconvolution problem. Solution of the deconvolution problem 
reduces the solution of the original estimation problem to the form derived 
for the noise-free case.
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Poster 2	
MULTI-DIMENSIONAL IMAGE RECONSTRUCTION AND 
FIELD ESTIMATION FROM RANDOMLY SCATTERED 
SENSORS
Pan Pan, Dan Schonfeld, University of Illinois at Chicago, United States

Many important problems in statistical signal processing can be 
formulated as function estimation from randomly scattered sensors 
in a multi-dimensional space, e.g. image reconstruction from photon-
limited images. We model the problem of image reconstruction and 
field estimation from scattered sensors as multi-dimensional function 
reconstruction from random samples. We present a novel approach to the 
study of signal reconstruction from random samples in a multi-dimensional 
space. In particular, we show that sampling using constant-mean point 
processes yields an unbiased estimate. Moreover, we study a classical 
iterative reconstruction method and demonstrate that it forms a sequence 
of unbiased estimates for band-limited signals, which converge to the 
true function in the mean-square sense. Finally, we rely on the iterative 
estimation method for multi-dimensional image reconstruction and field 
estimation from sensors scattered according a multi-dimensional Poisson 
and uniform distribution. Computer simulation experiments demonstrate 
the efficiency of the iterative estimation method in image reconstruction 
and field estimation from randomly scattered sensors.

Poster 3	
STATISTICAL CHARACTERISTICS OF HARRIS CORNER 
DETECTOR
Umut Orguner, Fredrik Gustafsson, Linkoping University, Sweden

In this study, a method is proposed to calculate the bias and mean square 
error matrix of Harris detector calculated corners. The main result is 
presented in a theorem and the performance of the algorithm is shown 
on an example.

Poster 4	
MULTI-UAV SENSING OVER URBAN AREAS VIA LAYERED 
DATA FUSION
Sangil Jwa, Umit Ozguner, The Ohio State University, United States

In this paper, we address the problem of layered data fusion occurring 
within a collaborative and distributed sensor network. Multi-UAV 
sensing combined with stationary sensors has the potential of creating 
smart airborne systems for completing aerial tracking and surveillance 
missions over an urban area. However, matching two different data with 
multiple resolution reveals the presence of large motion and dominant 
outliers, which makes this problem very difficult. Here we extend our 
earlier work to this type of multiple mini-UAV sensing by applying an 
information-theoretic cost criterion and cooperative optimization method. 
Assuming no zooming in the same type of cameras, we treat changes in 
scale-space as changes in UAVs’ altitudes, and equivalently as changes 
in data resolution. Scale-space analyses indicate the importance of a 
prior adjustment of uncertain scaling factors. That is, to achieve a better 
performance in layered data fusion, it is critical to apply an approximate 
scaling factor first, within some error bounds, before applying a robust data 
alignment algorithm directly. We apply our layered data fusion technique 
to several examples: a single video registration, a video registration with a 
reference image, and the alignment of two video sequences. Experimental 
results show that our method can be useful for aerial monitoring and 
tracking systems within a dynamic sensor network.

Poster 5	
STATISTICAL CERTAINTY MODELS IN IMAGE 
PROCESSING
Rudolf Mester, University of Frankfurt, Germany

This paper revisits the fundamental question of how uncertain or 
unknown signal values should be appropriately dealt with in signal 
and image processing. It puts the concept of certainty and applicability 
values proposed by Westin and Knutsson in contrast to a statistical model 
where the state of knowledge on individual signal values is expressed 
by expectation values and variances, while the structure of signals is 
espressed by covariance functions, or covariance matrices, respectively. 
Using this simple approach, and exploiting the power of the Gauss-
Markov-Theorem, a linear signal processing framework is obtained which 
is both powerful, generally applicable, and encompasses the classical 
certainty/applicability approach, providing answers to the open issues in 
that classical theory.

Poster 6	
VIDEO CLASSIFICATION AND MINING BASED ON 
STATISTICAL METHODS FOR CROSS-CORRELATION 
ANALYSIS
Xiangqiong Shi, Dan Schonfeld, University of Illinois at Chicago, United 
States

In this paper, we present a novel method for statistical cross-correlation 
for video analysis. We randomly sample the cross-correlation function 
in order to dramatically reduce the search time for the maximum cross-
correlation coefficient. We subsequently develop a method to monitor the 
likelihood that a significantly higher cross-correlation coefficient value 
could be extracted based on sequential hypothesis testing. We terminate 
the search when a threshold on the likelihood has been reached and rely 
on the largest cross-correlation coefficient sampled for video classification 
and mining applications. Computer simulation experiments demonstrate 
the dramatic reduction in speed requirements using the proposed statistical 
cross-correlation analysis method, while the classification performance 
remains comparable to the performance achieved using exhaustive 
search.

Poster 7	
FEATURE DETECTION IN IMAGES BY ADAPTIVE RANDOM 
SAMPLING
Ali Cafer Gurbuz, James H. McClellan, Waymond R Scott, Georgia 
Institute of Technology, United States

Random sample theory is an effective tool for detecting features in 
images. This paper presents an adaptive random sampling scheme that 
clusters random samples into candidate features. The required trial 
number is reduced by adaptive sampling, thereby reducing the run time 
of the algorithm. The proposed method quickly finds rough regions in 
the image that may include features using adaptive random sampling 
and re-estimates the features using the Hough Transform (HT) within 
the smaller regions. The proposed algorithm is tested on both simulated 
and experimental subsurface seismic and GPR images to search for linear 
features like pipes or tunnels. Faster results are obtained as compared to 
standard feature detection algorithms, such as the HT or its variants, while 
maintaining the similar performance level as the HT.
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Poster 8	
MULTISCALE RECONSTRUCTION OF PHOTON-LIMITED 
HYPERSPECTRAL DATA
Kalyani Krishnamurthy, Rebecca Willett, Duke University, United States

This paper combines recent innovations in intensity estimation for marked 
Poisson processes and multiscale nonparametric function estimation 
using generalized linear models (GLM) to perform photon-limited 
hyperspectral image reconstruction. Inspired by spectroscopic images 
of solar flares, which are very intense at some energies but very weak 
at others, we develop a multiscale intensity estimation method which 
can adapt to spatial inhomogeneities, spectral emission lines, and large 
spectral dynamic ranges. This approach exploits the fact that boundaries 
between different physical structures exist at every spectral band, even 
when the contrast is very small in some of those bands. Incorporating this 
denoising method into a generalized expectation-maximization method 
allows very faint features to be accurately reconstructed from blurry, 
photon-limited observations.

Tuesday, August 28, 15:30 - 17:30

Learning Theory and Pattern Recognition I
Time:	 Tuesday, August 28, 15:30 - 17:30
Location:	 Meeting Room O

Poster 1	
DE-BIASING FOR INTRINSIC DIMENSION ESTIMATION
Kevin Carter, Alfred Hero, Raviv Raich, University of Michigan, United 
States

Many algorithms have been proposed for estimating the intrinsic 
dimension of high dimensional data. A phenomenon common to all of 
them is a negative bias, perceived to be the result of undersampling. We 
propose improved methods for estimating intrinsic dimension, taking 
manifold boundaries into consideration. By estimating dimension locally, 
we are able to analyze and reduce the effect that sample data depth has 
on the negative bias. Additionally, we offer improvements to an existing 
algorithm for dimension estimation, based on k-nearest neighbor graphs, 
and offer an algorithm for adapting any dimension estimation algorithm 
to operate locally. Finally, we illustrate the uses of local dimension 
estimation with data sets consisting of multiple manifolds, including 
applications such as diagnosing anomalies in router networks and image 
segmentation.

Poster 2	
COOPERATIVE SWARMS FOR CLUSTERING PHONEME 
DATA
Abbas Ahmadi, Fakhri Karray, Mohamed Kamel, University of Waterloo, 
Canada

A new approach for clustering phoneme data is proposed. The proposed 
approach mimics the behavior of biological swarms seeking food located 
in different places. Best locations for finding food are in dense areas and, 
in a same time, in regions far from other places. We tackle phoneme 
clustering problem using particle swarm optimization(PSO) and utilizing 
multiple cooperating swarms to obtain cluster centers. The proposed 
approach is evaluated on phoneme data of TIMIT database. Experimental 
results show that the proposed clustering approach outperforms single 
swarm-based clustering as well as k-means, k-harmonic means, and fuzzy 
c-means clustering approaches.

Poster 3	
UNIVERSAL LINEAR LEAST-SQUARES PREDICTION IN THE 
PRESENCE OF NOISE
Georg Zeitler, Andrew Singer, University of Illinois at Urbana-
Champaign, United States

Universal linear least squares prediction of real-valued bounded individual 
sequences in the presence of additive bounded noise is considered. It is 
shown that there is a sequential predictor observing noisy samples of 
the sequence to be predicted only, whose loss in terms of the noise-free 
sequence is asymptotically as large as that of the best batch predictor 
out of the class of linear predictors with knowledge of the entire noisy 
sequence in advance.

Poster 4	
DIFFUSION MAP APPROACH TO CLASSIFYING EARLY 
STAGE CARDIAC DYSFUNCTION
Hsun-Hsien Chang, José Moura, Yijen Wu, Chien Ho, Carnegie Mellon 
University, United States

Magnetic resonance (MR) tagging technology can assist us in determining 
the motions of the myocardial pixels in a sequence of MR images. This 
paper presents a semi-supervised algorithm that processes these motion 
maps and classifies automatically myocardial dysfunctional motions. Our 
algorithm requires that only a few normal motions be labeled a priori. 
This is significant because, while normal motions can be confidently 
labeled by a human expert, abnormal motions are very difficult to label 
with high reliability by an operator. We use a graph to capture the motion 
map of the left ventricle. The normalized weighted adjacency matrix of 
the graph is interpreted as a stochastic matrix. Performing random walks, 
or diffusion, on the graph determines how similar myocardial motions 
are. Similar motions on the graph are represented by the diffusion maps 
framework as closer vectors in a Euclidean space. In the Euclidean space, 
we adopt eigen-analysis on a small portion of labeled normal motions. 
The analysis leads to a hyperelliptic surface that classifies the remaining 
cardiac motions as normal or dysfunctional.

Poster 5	
CLASSIFICATION-ERROR COST MINIMIZATION 
STRATEGY: DCMS
Devi Parikh, Tsuhan Chen, Carnegie Mellon University, United States

Several classification applications such as intrusion detection, biometric 
recognition, etc. have different costs associated with different classification 
errors. In such scenarios, the goal is to minimize the cost incurred, and not 
the classification error rate itself. This paper proposes a Cost Minimization 
Strategy, dCMS, which when applied to classifiers, provides a boost in the 
performance by reducing the cost incurred due to classification errors. 
dCMS is classifier-type independent, however it exploits the statistical 
properties of the trained classifier. It does not require classifiers to be 
retrained, which is particularly advantageous in scenarios where the costs 
vary dynamically. Convincing results are provided which indicate the 
statistically significant reduction in cost incurred by applying dCMS, in 
a diverse set of classification scenarios with datasets and classifiers of 
varying complexities.

Poster 6	
MAXIMUM ENTROPY RELAXATION FOR GRAPHICAL 
MODEL SELECTION GIVEN INCONSISTENT STATISTICS
Venkat Chandrasekaran, Jason Johnson, Alan Willsky, Massachusetts 
Institute of Technology, United States

We develop a novel approach to approximate a specified collection of 
marginal distributions on subsets of variables by a globally consistent 
distribution on the entire collection of variables. In general, the specified 
marginal distributions may be inconsistent on overlapping subsets of 
variables. Our method is based on maximizing entropy over an exponential 
family of graphical models, subject to divergence constraints on small 
subsets of variables that enforce closeness to the specified marginals. The 
resulting optimization problem is convex, and can be solved efficiently 
using a primal-dual interior-point algorithm. Moreover, this framework 
leads naturally to a solution that is a sparse graphical model.
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Poster 7	
MINIMAX SUPPORT VECTOR MACHINES
Mark Davenport, Richard Baraniuk, Rice University, United States; 
Clayton Scott, University of Michigan, United States

We study the problem of designing support vector machine (SVM) 
classifiers that minimize the maximum of the false alarm and miss rates. 
This is a natural classification setting in the absence of prior information 
regarding the relative costs of the two types of errors or true frequency 
of the two classes in nature. Examining two approaches -- one based on 
shifting the offset of a conventionally trained SVM, the other based on 
the introduction of class-specific weights -- we find that when proper 
care is taken in selecting the weights, the latter approach significantly 
outperforms the strategy of shifting the offset. We also find that the 
magnitude of this improvement depends chiefly on the accuracy of the 
error estimation step of the training procedure. Furthermore, comparison 
with the minimax probability machine (MPM) illustrates that our SVM 
approach can outperform the MPM even when the MPM parameters are 
set by an oracle.

Wednesday, August 29, 10:30 - 12:30

Sensor Networks
Time:	 Wednesday, August 29, 10:30 - 12:30
Location:	 Meeting Room Q
Chair:	 John Fisher, MIT

Poster 1	
SPATIAL FILTERING IN SENSOR NETWORKS WITH 
COMPUTATION CODES
Anand Sarwate, Bobak Nazer, Michael Gastpar, University of California, 
Berkeley, United States

A data collection problem in sensor networks is formulated in which the 
number of channel uses per source sample is greater than one. An example 
of this problem is given in which the objective of the data collector is to 
compute a filtered and downsampled version of the sensor field. In this 
regime, it is shown that uncoded transmission is not appropriate and that 
strategies based on separating source and channel coding perform poorly. 
By using a novel coding strategy based on computation codes, the power-
distortion tradeoff becomes more favorable than that from separation.

Poster 2	
DISTRIBUTED AVERAGE CONSENSUS USING 
PROBABILISTIC QUANTIZATION
Tuncer Aysal, Mark Coates, Michael Rabbat, McGill University, 
Canada

In this paper, we develop algorithms for distributed computation of 
averages of the node data over networks with bandwidth/power constraints 
or large volumes of data. Distributed averaging algorithms fail to achieve 
consensus when deterministic uniform quantization is adopted. We 
propose a distributed algorithm in which the nodes utilize probabilistically 
quantized information to communicate with each other. The algorithm 
we develop is a dynamical system that generates sequences achieving a 
consensus, which is one of the quantization values. In addition, we show 
that the expected value of the consensus is equal to the average of the 
original sensor data. We report the results of simulations conducted to 
evaluate the behavior and the effectiveness of the proposed algorithm in 
various scenarios.

Poster 3	
ON THE ASYMPTOTIC SCALABILITY OF THE CONSENSUS 
ALGORITHM
Mehmet E. Yildiz, Anna Scaglione, Cornell University, United States

Average consensus algorithms are gossiping protocols for averaging 
original measurements taken at different sensors. Without any 
communication rate restrictions, the algorithms ideally allow every node 
state to converge to the initial average after some iterations. Noting that 
brute force quantization is highly suboptimal given the rich temporal and 
spatial correlation of the messages exchanged, in our previous work we 
proposed two source coding methods, predictive coding and Wyner-Ziv 
coding which achieve convergence with vanishing quantization rates in the 
case of block coding. Both methods ideally require complete information 
about the network parameters and topology as well as processing and 
storage of the past state values. The knowledge of the network parameters 
is not a practical requirement, especially considering that one is 
implementing average consensus algorithms that are decentralized. In this 
study we show that as the node density increases or in homogeneously 
distributed networks, the encoder and decoder parameters become 
independent on the network size and specific location. We also lower 
bound the error performance of the predictive coding scheme in terms of 
eigenvalues of the connectivity and initial state covariance matrices. We 
show the relation between MSE behavior of the algorithm and network 
connectivity, as well as quantization rate.

Poster 4	
DECENTRALIZED DETECTION IN UNDIRECTED NETWORK 
TOPOLOGIES
O. Patrick Kreidl, Alan S. Willsky, Massachusetts Institute of Technology, 
United States

Consider the well-studied decentralized Bayesian detection problem with 
the twist of an undirected network topology, each edge representing a 
bidirectional (and perhaps unreliable) finite-rate communication link 
between two distributed sensor nodes. Every node operates in parallel, 
processing any particular local measurement in two (discrete) decision 
stages: the first selects the symbols (if any) transmitted to its immediate 
neighbors and the second, upon receiving the symbols (or lack thereof) 
from the same neighbors, decides the value of its local state. We adapt the 
team solution already known for directed acyclic networks and establish 
conditions such that the iterative numerical algorithm to collectively 
optimize the local decision rules admits an efficient message-passing 
interpretation, featuring an asynchronous distributed implementation in 
which total computation and communication overhead scales only linearly 
with the number of nodes. In sharp contrast to the directed case, this 
message-passing algorithm retains its global correctness and convergence 
guarantees without restrictions on the network topology.

Poster 5	
GAUSSIAN APPROXIMATIONS FOR ENERGY-BASED 
DETECTION AND LOCALIZATION IN SENSOR NETWORKS
Volkan Cevher, Rama Chellappa, University of Maryland, United States; 
James McClellan, Georgia Institute of Technology, United States

Energy-based detection and estimation are crucial in sensor networks 
for sensor localization, target tracking, etc. In this paper, we present 
novel Gaussian approximations that are applicable to general energy-
based source detection and localization problems in sensor networks. 
Using our approximations, we derive receiver operating characteristics 
curves and Cramer-Rao bounds, and we provide a factorized variational 
Bayes approximation to the location and source energy posterior for 
centralized or decentralized estimation. When the source signal and the 
sensor noise have uncorrelated Gaussian distributions, we demonstrate 
that the envelope of the sensor output can be accurately modeled with a 
multiplicative Gaussian noise model, which results in smaller estimation 
biases than the other Gaussian models typically used in the literature. 
We also prove that additive Gaussian noise models result in negatively 
biased speed estimates under the same signal assumptions, which can be 
circumvented by the proposed approximations.
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Poster 6	
SENSOR LOCALIZATION ERROR DECOMPOSITION: 
THEORY AND APPLICATIONS
Joshua Ash, Randolph Moses, Ohio State University, United States

In this paper we consider performance characterizations of self-localization 
algorithms for sensor networks. The location parameters have a natural 
decomposition into relative configuration and centroid transformation 
components based on the influence of measurements and prior information 
in the problem. A linear representation of the transformation parameter 
space, which includes rotations and translations, is used for decomposition 
of general localization error covariance matrices. The proposed 
decomposition may be applied to any estimator, the posterior Cramer-
Rao bound (CRB) in a Bayesian setting, or a traditional CRB. Along 
with the CRB itself, the relative-transformation decomposition provides 
insight into how external inputs effect absolute localization performance. 
This partitioning of error is also useful to higher level applications in a 
sensor network that utilize results of the localization service and must 
account for its uncertainty. Examples are presented and an application 
demonstrates the utility of relative error decomposition to the problem of 
angle-of-arrival estimation with sensor location uncertainty.

Poster 7	
GAUSSIAN PROCESS MODELS FOR CENSORED SENSOR 
READINGS
Emre Ertin, The Ohio State University, United States

Sensor data models are key components of the design and testing of 
sensor network applications. In addition to their utility in validation of 
applications and network services, they provide a theoretical basis for the 
design of algorithms for efficient sampling, compression and exfiltration 
of the sensor data. In this paper we introduce a novel modeling technique 
for constructing probabilistic models for censored sensor readings. The 
proposed technique is an extension of the Gaussian process regression and 
applies to continuous valued readings subject to censoring. We treat the 
censored variable as a mixture of binary and a normal random variable. 
The Gaussian process framework provides a natural way of integrating 
information from both types of observations to estimate the parameters 
of the underlying random process. We illustrate the performance of the 
proposed technique in modeling wireless propagation between nodes of a 
wireless sensor network. The model can capture the anisotropic nature of 
the propagation characteristics and utilizes the implicit information from 
the packet reception failures.

Poster 8	
BLIND TRACKING USING SPARSITY PENALIZED 
MULTIDIMENSIONAL SCALING
Raghuram Rangarajan, Raviv Raich, Alfred Hero, University of Michigan, 
United States

In this paper, we consider the problem of target tracking using sensor 
network measurements. We assume no prior knowledge of the sensor 
locations and so we refer to this tracking as `blind’. Since any sensor 
localization algorithm can only find the sensor location estimates up 
to a rotation and translation, we propose a novel sparsity penalized 
multidimensional scaling (MDS) algorithm to align the current time 
sensor location estimates to those of the previous time-frames. In the 
presence of a target, only location estimates of those sensors in the 
vicinity of a target vary from their initially estimated values. Based on the 
differences in the sensor location estimates between two time-frames, we 
design a perturbation based algorithm naturally rising from the sparsity 
penalized MDS for tracking multiple targets relative to the initial sensor 
location estimates. Through a detailed numerical analysis, we show that 
the tracking algorithm based on sparsity penalized MDS outperforms the 
conventional likelihood ratio test (LRT) based tracking.

Wednesday, August 29, 10:30 - 12:30

Sensor Networks II
Time:	 Wednesday, August 29, 10:30 - 12:30
Location:	 Meeting Room M

Poster 1	
DYNAMIC THRESHOLDING FOR DISTRIBUTED MULTIPLE 
HYPOTHESES TESTING
Erhan Ermis, Venkatesh Saligrama, Boston University, United States

We consider a distributed multiple hypotheses testing problem in sensor 
networks using false discovery rate as the fidelity criterion. We propose 
an energy efficient, 1-bit per sensor algorithm that implements a dynamic 
thresholding strategy. The method takes the information that has been 
collected at each iteration of the distributed algorithm and uses it to 
estimate the number of significant observations. This estimate is then 
used to update the false discovery rate constraint. The learning approach 
leads to more aggressive thresholding strategies and leads to much larger 
detection results in comparison to previously developed distributed 
procedures. We then discuss extensions of the approach to parameter 
estimation problems with hidden variables

Poster 2	
OPERATION COST AS A PERFORMANCE METRIC OF 
WIRELESS SENSOR NETWORKS
Benedito J. B. Fonseca Jr., John A. Gubner, University of Wisconsin-
Madison, United States

This paper proposes a new performance metric for the evaluation of 
wireless sensor networks that reflects the cost of operation per unit time. 
This metric includes traditional metrics and considers the distribution of 
sensor energy consumption, which was not considered before. Focusing 
on a single-hop wireless sensor network, it is shown that it is not enough 
to consider just the expected energy consumed per measurement, unless 
sensors are equipped with unlimited energy resources. The paper illustrates 
the use of the metric in large wireless sensor networks for detection 
applications, relating it to a previously proposed metric and providing 
further insight in the selection of modulation techniques.

Poster 3	
BINARY VARIATIONAL FILTERING FOR TARGET 
TRACKING IN SENSOR NETWORKS
Jing Teng, Hichem Snoussi, Cédric Richard, University of Technology of 
Troyes, France

Target tracking in wireless sensor networks (WSN) has brought up new 
practical problems. The limited energy supply and bandwidth of WSN have 
put stringent constraints on the complexity and inter-node information 
exchange of the tracking algorithm. In this paper, we propose a binary 
variational algorithm outperforming existing target tracking algorithms 
such as Kalman and Particle filtering. The variational formulation allows 
an implicit compression of the exchanged statistics between leader nodes, 
enabling thus a distributed decision-making. Its binary extension further 
reduces the resource consumption by locally exchanging only few bits.
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Poster 4	
DIFFERENCES BETWEEN OBSERVATION AND SAMPLING 
ERROR IN SPARSE SIGNAL RECONSTRUCTION
Galen Reeves, Michael Gastpar, University of California, Berkeley, 
United States

The field of Compressed Sensing has shown that a relatively small 
number of random projections provide sufficient information to accurately 
reconstruct sparse signals. Inspired by applications in sensor networks 
in which each sensor is likely to observe a noisy version of a sparse 
signal and subsequently add sampling error through computation and 
communication, we investigate how the distortion differs depending on 
whether noise is introduced before sampling (observation error) or after 
sampling (sampling error). We analyze the optimal linear estimator (for 
known support) and an $\ell_1$ constrained linear inverse (for unknown 
support). In both cases, observation noise is shown to be less detrimental 
than sampling noise and low sampling rates. We also provide sampling 
bounds for a non-stochastic $\ell_\infty$ bounded noise model.

Poster 5	
LOCATION-AIDED FAST DISTRIBUTED AVERAGING
Wenjun Li, Huaiyu Dai, North Carolina State University, United States

Existing works on distributed averaging explore linear iterations based on 
reversible Markov chains, and hence the convergence is bounded to be 
slow due to the diffusive behavior of the reversible random walk. In this 
paper, we study the possibility of utilizing nonreversible chains to achieve 
faster averaging in wireless networks. We first show that it is possible to 
achieve an $\epsilon$-averaging time of $\Theta(r^{-1}\log(1/\epsilon))$ 
in a wireless network with a transmission radius $r$, with a centralized 
grid-based algorithm. We then proceed to propose a purely distributed 
algorithm, the Location-Aided Distributed Averaging-Uniform (LADA-U) 
algorithm, where the direction information of neighbors is used to 
construct nonreversible chains with uniform stationary distributions. It is 
shown that LADA-U can achieve the same scaling law in averaging time 
as the centralized scheme, but needs a substantially larger transmission 
range than minimum connectivity requirement, mainly due to the induced 
diffusive behavior.

Poster 6	
DISTRIBUTED KALMAN FILTERS IN SENSOR NETWORKS: 
BIPARTITE FUSION GRAPHS
Usman A. Khan, José M. F. Moura, Carnegie Mellon University, United 
States

We study the distributed Kalman filter in sensor networks where multiple 
sensors collaborate to achieve a common objective. Our motivation is to 
distribute the global model that comes from the state-space representation 
of a sparse and localized large-scale system into reduced coupled sensor-
based models. We implement local Kalman filters on these reduced 
models, by approximating the Gaussian error process of the Kalman filter 
to be Gauss-Markov, ensuring that each sensor is involved only in reduced-
order computations and local communication. We propose a generalized 
distributed Jacobi algorithm to compute global matrix inversion, locally, 
in an iterative fashion. We employ bipartite fusion graphs in order to fuse 
the shared observations and shared estimates across the local models.

Poster 7	
ON SPATIAL GOSSIP ALGORITHMS FOR AVERAGE 
CONSENSUS
Michael Rabbat, McGill University, Canada

This paper investigates the use of spatial gossip to compute the average 
consensus in networks such as grids or random geometric graphs, where 
connectivity is a function of locality. Randomized gossip is a framework 
for distributed computation where, at each iteration, a random pair of 
nodes exchanges information. When nodes update their information by 
averaging with the received value, every node eventually obtains the 
average of the initial values across the network: an average consensus. 
In spatial gossip, if the distance between two nodes is $d$, then they 
communicate with probability proportional to $d^{-\beta}$ for some $\
beta \ge 0$. The special case $\beta = 0$ corresponds to an algorithm 
known in the sensor network literature as geographic gossip. Dimakis et 
al. have shown that geographic gossip computes the average to accuracy 
$n^{-1}$ in $O(n^{3/2} \sqrt{\log n})$ transmissions. In this paper we 
show that the same accuracy and rates are achieved for $\beta = 2$ and 
$\beta = 3$. We illustrate, via simulation, that spatial gossip with $\beta 
= 2$ generally yields superior performance, by a constant factor, than 
geographic gossip.

Poster 8	
DISTORTION CONTROL FOR PACKET-ERASURE 
CHANNELS
Azadeh Faridi, Anthony Ephremides, University of Maryland, United 
States

We investigate the problem of finding minimum-distortion policies for 
streaming delay-sensitive but distortion-tolerant data over a packet-
erasure channel. We consider cross-layer approaches which exploit the 
coupling between presentation and transport layers. We make the natural 
assumption that the distortion function is convex and decreasing, and we 
show that the optimum open-loop transmission policy is independent 
of the form of the distortion function. We then find a computationally 
efficient closed-loop heuristic policy which outperforms the open-loop 
policy and performs virtually as well as the optimum closed-loop policy.

Wednesday, August 29, 10:30 - 12:30

Time-Frequency and Time-Scale Analysis
Time:	 Wednesday, August 29, 10:30 - 12:30
Location:	 Meeting Room N

Poster 1	
TIME-SCALE BLOCK BOOTSTRAP TESTS FON NON 
GAUSSIAN FINITE VARIANCE SELF-SIMILAR PROCESSES 
WITH STATIONARY INCREMENTS
Herwig Wendt, Patrice Abry, CNRS - ENS Lyon, France

Scaling analysis is nowadays becoming a standard tool in statistical 
signal processing. It mostly consists of estimating scaling attributes 
which in turns are involved in standard tasks such as detection, 
identification or classification. Recently, we proposed that confidence 
interval or hypothesis test design for scaling analysis could be based on 
non parametric bootstrap approaches. We showed that such procedures 
are efficient to decide whether data are better modeled with Gaussian 
fractional Brownian motion or with multifractal processes. In the present 
contribution, we investigate the relevance of such bootstrap procedures to 
discriminate between non Gaussian finite variance self similar processes 
with stationary increments (such as Rosenblatt process) and multifractal 
processes. To do so, we introduce a new joint time-scale block based 
bootstrap scheme and make use of the most recent scaling analysis tools, 
based on wavelet leaders.
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Poster 2	
TESTING STATIONARITY WITH SURROGATES --- A ONE-
CLASS SVM APPROACH
Jun Xiao, Ecole Normale Supérieure de Lyon, France; Pierre Borgnat, 
Patrick Flandrin, CNRS - Ecole Normale Supérieure de Lyon, France; 
Cédric Richard, Université de Technologie de Troyes, France

An operational framework is developed for testing stationarity relatively 
to an observation scale, in both stochastic and deterministic contexts. 
The proposed method is based on a comparison between global and local 
time-frequency features. The originality is to make use of a family of 
stationary surrogates for defining the null hypothesis and to base on them 
a statistical test implemented as a one-class Support Vector Machine. The 
time-frequency features extracted from the surrogates are interpreted as a 
learning set for stationarity. The principle of the method is presented, and 
some results are shown on typical models of signals that can be thought of 
as stationary or nonstationary, depending on the observation scale used.

Poster 3	
ENHANCED EMPIRICAL MODE DECOMPOSITION USING 
A NOVEL SIFTING-BASED INTERPOLATION POINTS 
DETECTION
Yannis Kopsinis, Steve McLaughlin, University of Edinburgh, United 
Kingdom

Empirical mode decomposition (EMD) is a signal analysis method which 
has received much attention lately due its performance in a number 
of applications. The main disadvantage of EMD is that it is lacking a 
theoretical foundation and therefore, our understanding of it have 
come through intuition and experimental validation. This drawback has 
significantly limited the potential for improvements to the method itself. 
In other words, the version of EMD currently used by most researchers 
is roughly the same as that proposed 9 years ago. In this paper, a novel 
version of EMD is proposed which exhibits significantly improved 
decomposition performance. This new development exploits the results 
of a study on EMD concerning the optimized configuration of EMD with 
respect to criteria for selection of interpolation points.

Poster 4	
COMPARISON OF TIME-FREQUENCY CLASSIFICATION 
METHODS FOR INTELLIGENT AUTOMATIC JETTISONING 
DEVICE OF HELMET- MOUNTED DISPLAY SYSTEMS
Hatim Alqadah, Howard Fan, University of Cincinnati, United States; 
John Plaga, Air Force Research Laboratory, United States

Helmet-Mounted Display Systems (HMDS) improve the situational 
awareness of an air force pilot in combat; however, they can increase the 
probability of neck injury to a pilot during a crash or ejection due to their 
added weight and center of gravity shift. Attempts with simple mechanical 
force/acceleration release systems to release the HMDS during an ejection 
event have been unsatisfactory since helmet accelerations during normal air 
combat maneuvering (ACM) can be near peak accelerations seen during a 
crash or ejection. The HMDS acceleration responses indicated being non-
stationary signals, which resulted in use of time-frequency classification 
methods to differentiate between the crash/ejection events and those of 
normal aircraft maneuvering. Parametric and non-parametric approaches 
for the optimization of the time-frequency representations (TFR) with the 
goal of classifications between these two environments were compared. 
The non-parametric approach was determined to be superior.

Poster 5	
SIGNAL-DEPENDENT TIME-FREQUENCY 
REPRESENTATIONS FOR CLASSIFICATION USING A 
RADIALLY GAUSSIAN KERNEL AND THE ALIGNMENT 
CRITERION
Paul Honeine, Cédric Richard, Institut Charles Delaunay (FRE CNRS 
2848) - LM2S - Université de Technologie de Troyes, France

In this paper, we propose a method for tuning time-frequency distributions 
with radially Gaussian kernel within a classification framework. It is 
based on a criterion that has recently emerged from the machine learning 
literature: the kernel-target alignement. Our optimization scheme is very 
similar to that proposed by Baraniuk and Jones for signal-dependent time-
frequency analysis. The relevance of this approach of improving time-
frequency classification accuracy is illustrated through examples.

Poster 6	
TIME-FREQUENCY MODELING OF SHALLOW WATER 
ENVIRONMENTS: RIGID VS. FLUID SEABED
Jun Zhang, Arizona State University, United States; Bertrand Gottin, 
Grenoble National School of Electrical Engineering, France; Antonia 
Papandreou-Suppappola, Arizona State University, United States; Cornel 
Ioana, Grenoble National School of Electrical Engineering, France

When the ocean seabed is considered to be rigid, the ideal waveguide 
model can be used to model the shallow water environment. However, a 
more realistic ocean waveguide model treats the ocean floor as a boundary 
between two different fluid media. In this paper, a frequency-domain 
characterization of shallow water environments is proposed based on this 
realistic waveguide model with a fluid boundary. First, the time-frequency 
characteristics of this model are studied as well as the impact of the 
environment parameters on the dispersive phenomena. Then a frequency-
domain matched filter receiver is designed to obtain time-dispersion 
diversity once we separate the modes using warping techniques in the 
time-frequency plane. Simulations demonstrate that the new receiver 
design improves the bit error rate performance.

Wednesday, August 29, 10:30 - 12:30

System Identification and Calibration
Time:	 Wednesday, August 29, 10:30 - 12:30
Location:	 Meeting Room O

Poster 1	
ADAPTIVE NONLINEARITY IDENTIFICATION IN A 
HAMMERSTEIN SYSTEM USING A PSEUDO COHERENCE 
FUNCTION
Kun Shi, Xiaoli Ma, G. Tong Zhou, Georgia Institute of Technology, 
United States

A Hammerstein system consists of a memoryless nonlinear block 
followed by a linear time-invariant subsystem. We propose to model or 
to approximate the nonlinear block in the Hammerstein system using a 
linear combination of nonlinear basis functions. We formulate a novel 
nonlinearity parameter estimation algorithm using a pseudo magnitude 
squared coherence (MSC) function based criterion. The proposed method 
carries out nonlinearity identification without knowing the linear block 
in the Hammerstein system. A low complexity adaptive algorithm is 
proposed to update the parameter estimates of the nonlinear block in real 
time. Numerical examples are provided to illustrate the performance of 
the proposed method.
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Poster 2	
DETERMINISTIC – STOCHASTIC SUBSPACE 
IDENTIFICATION FOR BRIDGES
Hieu Thai, Victor DeBrunner, Linda DeBrunner, Florida State University, 
United States; Joseph Havlicek, Kyran Mish, Kevin Ford, University 
of Oklahoma, United States; Alessio Medda, Florida State University, 
United States

System identification for structural engineering has received significant 
attention in the last thirty years. With the ever increasing capacity of 
computing technology, system identification has been applied to important 
structures such as bridges and aircraft. In the case of bridges, the output can 
easily be measured by accelerometers. However, it is difficult to measure 
the inputs on an in-service bridge. In this paper, we see how the inputs 
can be estimated from the output measurements. The input-output model 
will be used in a developed system identification technique. We show that 
the method will be improved by using these estimated inputs. There are 
two experimental cases to be considered: a bridge–load simulation using 
a finite element model and the Walnut Creek Bridge case.

Poster 3	
BLIND ESTIMATION AND COMPENSATION OF I/Q 
IMBALANCE IN OFDM RECEIVERS WITH ENHANCEMENTS 
THROUGH KALMAN FILTERING
Marcus Windisch, Gerhard Fettweis, Technische Universität Dresden, 
Germany

I/Q Imbalance has been identified as one of the key challenges in the 
practical implementation of the direct-conversion receiver architecture. 
This holds in particular at the reception of multi-carrier signals, such as 
OFDM. While allowing highly integrated and low-cost solutions, direct-
conversion may cause serious signal distortions due to an imbalanced 
I/Q down-conversion. This paper shows how blind, i.e. non reference-
based, signal processing techniques can be applied for a digital estimation 
and compensation of I/Q imbalance. Further enhancements of the blind 
estimator can be achieved through the application of Kalman filtering, 
including tracking and compensation of time-varying and frequency-
selective I/Q imbalance.

Poster 4	
ANALYSIS OF A COVARIANCE MATCHING METHOD FOR 
DISCRETE-TIME ERRORS-IN-VARIABLES IDENTIFICATION
Magnus Mossberg, Karlstad University, Sweden

A covariance matching method for discrete-time errors-in-variables 
identification is analyzed. The method consists of fitting covariance and 
cross-covariance functions, parameterized by the unknown parameters, 
to covariance and cross-covariance functions estimated from the noise-
corrupted data. An approximative expression for the covariance matrix of 
the estimated parameter vector is given.

Poster 5	
ON NONPARAMETRIC IDENTIFICATION OF MULTI-
CHANNEL HAMMERSTEIN SYSTEMS
Mirek Pawlak, University of Manitoba, Canada

The paper deals with the problem of identification of a class of nonlinear 
dynamical systems of the multi-channel form. The examined system is 
the multi-channel generalization of the classical Hammerstein model. 
The a priori information about the system nonlinearities is very limited 
excluding any parametric approach to the problem. The modern statistical 
theory of nonparametric regression along with the marginal integration 
approach are applied to form estimates of the nonlinearities. In particular 
the generalized kernel regression techniques are used to construct the 
identification algorithms. Pointwise convergence rates of the proposed 
estimates are evaluated. A striking feature of one of our identification 
algorithm is its ability to decouple the estimation problem related to each 
channel. This is a surprising result since the input signals are dependent 
with completely unknown joint probability density function.

Wednesday, August 29, 10:30 - 12:30

Learning Theory and Pattern Recognition II
Time:	 Wednesday, August 29, 10:30 - 12:30
Location:	 Meeting Room P

Poster 1	
RETROSPECTIVE MULTIPLE CHANGE-POINT ESTIMATION 
WITH KERNELS
Zaid Harchaoui, Olivier Cappe, ENST, France

This contribution proposes an extension of the classic dynamic 
programming algorithm for detecting jumps in noisily observed 
piecewise-constant signals. The proposed algorithm operates (virtually) in 
a reproducing kernel Hilbert space through the use of an arbitrary kernel 
mapping. The resulting approach provides a computationally efficient 
an versatile tool for segmenting complex signals whose structure is not 
appropriately captured by standard parametric models.

Poster 2	
LARGE MARGIN DIMENSION REDUCTION FOR SPARSE 
IMAGE CLASSIFICATION
Ke Huang, Selin Aviyente, Michigan State University, United States

In this paper, a new dimension reduction algorithm called Large Margin 
Dimension Reduction (LMDR) is proposed for dimension reduction in 
classification. The formulation of LMDR incorporates the advantages of 
the L1-norm SVM and distance metric learning into one framework by 
using the idea of distance metric learning to search for an optimal linear 
transform on the original features and using the idea of L1-norm SVM 
to determine significant feature components. Experiments show that the 
proposed LMDR achieves better performance than the traditional linear 
discriminant analysis in certain cases.

Poster 3	
NOISE DETECTION AND CLASSIFICATION IN SPEECH 
SIGNALS WITH BOOSTING
Nobuyuki Miyake, Tetsuya Takiguchi, Yasuo Ariki, Kobe University, 
Japan

This paper presents a novel method to detect and classify sudden noises in 
speech signals. There are many sudden and short-period noises in natural 
environments, such as inside a car. If a speech recognition system can 
detect sudden noises, it will make the system able to require the same 
utterance from the user again, and if clean speech data can be input, it will 
help prevent system operation errors. In this paper, we tried to detect and 
classify sudden noises in user’s utterances with Boosting. Boosting can 
create a complex, non-linear boundary that decides whether the observed 
signal is speech, noise1, noise2, or so on. In our experiments, the proposed 
method achieved good performance in comparison to a conventional 
method based on GMM (Gaussian Mixture Model).

Poster 4	
KERNEL CLASSIFICATION VIA INTEGRATED SQUARED 
ERROR
JooSeuk Kim, Clayton Scott, University of Michigan, United States

Nonparametric kernel methods are widely used and proven to be 
successful in many statistical learning problems. Well-known examples 
include the kernel density estimate (KDE) for density estimation and the 
support vector machine (SVM) for classification. We propose a kernel 
classifier that optimizes an integrated squared error (ISE) criterion based 
on a “difference of densities” formulation. Our classifier is sparse, like 
SVMs, and performs comparably to state-of-the-art kernel methods. 
Furthermore, and unlike SVMs, the ISE criterion does not require the 
user to set any unknown regularization parameters. As a consequence, 
classifier training is faster than for support vector methods.



45

Poster 5	
MAXIMUM LIKELIHOOD SIGNAL CLASSIFICATION USING 
SECOND-ORDER BLIND DECONVOLUTION PROBABILITY 
MODEL
Maya Gupta, Hyrum Anderson, University of Washington, United States

Consider the problem of classifying a signal that has been corrupted by an 
unknown linear time-invariant filter. This problem is common in remote-
sensing and non-destructive evaluation applications where multipath and 
spreading are prevalent. A traditional approach is blind deconvolution to 
estimate the original signal, followed by classification of the estimated 
signal. Blind deconvolution is an ill-posed estimation problem, and if 
only a classification is needed, then we hypothesize it is an unnecessary 
step. We present an alternative maximum likelihood classifier that uses 
second-order probability models for the original signal and the unknown 
corrupting filter. The resulting quadratic discriminant analysis classifier 
is shown to perform well over a range of signal-to-noise ratios for two 
different models of multipath, and in all cases performs consistently better 
than a standard blind deconvolution method followed by a quadratic 
discriminant analysis classifier.

Poster 6	
GENERALIZATION ERROR ANALYSIS FOR FDR 
CONTROLLED CLASSIFICATION
Clayton Scott, Gowtham Bellala, University of Michigan, United States; 
Rebecca Willett, Duke University, United States

The false discovery rate (FDR) and false nondiscovery rate (FNDR) have 
received considerable attention in the literature on multiple testing. These 
performance measures are also appropriate for classification, and in this 
work we develop generalization error bounds for FDR and FNDR from 
the perspective of statistical learning theory. Unlike more conventional 
classification performance measures, the empirical FDR and FNDR are 
not binomial random variables but rather a ratio of binomials, which 
introduces several challenges not addressed in conventional analyses. We 
develop distribution-free uniform deviation bounds and apply these, in 
conjunction with the Borel-Cantelli lemma, to obtain a strongly consistent 
learning rule.
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