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EDUCATION
Massachusetts Institute of Technology — Cambridge, MA
Doctor of Science in Electrical Engineering and Computer Science, Minor in Finance February 06

Thesis Title: "Quantization and Erasures in Frame Representations”
Supervisor: Alan V. Oppenheim, Committee Members: George C. Verghese, Vivek C. Goyal

Master of Engineering in Electrical Engineering and Computer Science June 02
Thesis Title: “Signal Processing for DNA sequencing”
Supervisor: Alan V. Oppenheim

Bachelor of Science in Electrical Engineering and Computer Science June 02
Bachelor of Science in Economics June 00
Graduate GPA: 5.0/5.0; Undergraduate GPA: 4.9/5.0

RESEARCH EXPERIENCE

Rice University. Electrical and Computer Engineering Department — Houston, TX Fall ‘06 — Present
Postdoctoral Associate. Compressive Sensing theory, algorithms and applications.
Supervisor: Prof. Richard G. Baraniuk
Compressive sensing is a new signal processing field that promises to advance sensor technology by acquiring sparse
and compressible signals at a rate much lower than the Nyquist rate. Compressive Sensing measures the signal using
very few non-adaptive, usually random, linear measurements and reconstructs it by solving a convex optimization
problem. I am studying the application of Compressive Sensing to imaging, RADAR, communications, and DNA array
technology. I am examining the applicability of compressive sensing, the performance bounds, the effects of non-
idealities in the implemented systems, and the effects of quantization of the measurements. I am also developing
new reconstruction algorithms that improve performance and adapt to the application requirements. Research
funded by DARPA, ONR, AFOSR, ARO, NSF and the Texas Instruments Leadership University program.
Main contributions:

Determined performance bounds on the efficiency of compressive sensing under quantization.

Developed a Sigma-Delta quantizer for compressive sensing applications.

Improved the reconstruction from noisy compressive sensing measurements using cross validation.

Stabilized the reconstruction of bandpass signals from their zero crossings using sparsity assumptions.
Non-research duties include:

Mentoring graduate students, interacting with sponsors and visitors, writing grant proposals, and leading group

meetings and discussions.

MIT Digital Signal Processing Group — Cambridge, MA
Postdoctoral Associate. Research in Frames and Linear Signal representations. Spring 06 — Summer 06
Research Assistant. Quantization and Erasures in Frame Representations. Fall 01 - Fall 05
Supervisor: Prof. Alan V. Oppenheim
Frames are new mathematical tools that systematically capture redundancy in linear representations. My doctoral and
postdoctoral research was in using frame representations to achieve robustness to signal degradation due to noise,
quantization, and erasures. I studied the achievable bounds in robustness using frame representations and
formulated a deterministic interpretation of Sigma-Delta quantization that complements and extends the existing
stochastic one. Based on this formulation I devised algorithms to generalize Sigma-Delta quantization, provide
robustness to erasures, and sparsify representations. Research funded by BAE Systems Inc., MIT Lincoln Laboratory,
and the Texas Instruments Leadership University program.
Main Contributions:
Used combinatorial geometry to compute bounds on the efficiency of quantization of frame representations.
Re-interpreted Sigma-Delta noise shaping as a deterministic error compensation algorithm that uses projections.
Generalized Sigma-Delta noise shaping to quantize arbitrary frame representations.
Developed algorithms that use projections to provide robustness to erasures and to sparsify linear representations.
Non-research duties include:
Mentoring and collaborating with newer students, organizing group meetings and discussions, interacting with
sponsors and visitors, and managing the computing infrastructure.
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Mitsubishi Electric Research Laboratories — Cambridge, MA Summer ‘04, Summer 03
Summer Intern. Research in audio processing and machine listening.
Supervisor: Dr. Paris Smaragdis
Projects included filling missing data in audio streaming, audio superresolution (‘03), and sound source localization
and tracking in reverbant multipath environments (‘04). Used hidden Markov models to estimate missing audio data
without repeated packet transmissions. Developed a phase model for localization that incorporates phase wrapping,
and machine learning algorithms that efficiently estimate the model parameters.
Main Contributions:

Used circular statistics to model phase and sidestep the need for phase unwrapping in several algorithms.

Exploited the wrapped phase model to localize audio sources in reverbant environments.

Whitehead Institute, BioMEMS Lab — Cambridge, MA Spring 00 — Fall 01
Graduate Researcher. Signal processing for DNA Sequencing.
Supervisors: Dr. Dan Ehrlich, Prof. Alan V. Oppenheim
Multidisciplinary research funded by the NSF and the DOJ to develop the next generation DNA sequencing and DNA
fingerprinting technology. Designed and implemented data acquisition algorithms to improve the efficiency of existing
data acquisition systems. Developed software for biologists and chemists to visualize and analyze the data.
Researched pattern recognition techniques to process DNA sequencing signals and extract the DNA sequence
(basecalling).
Main Contributions:

Demonstrated that hidden Markov models improve basecalling accuracy compared to the state of the art.

TEACHING EXPERIENCE

Rice University, Electrical and Computer Engineering Department — Houston, TX

Advanced Digital Signal Processing Seminar (ELEC 631) Spring 07, Spring 08
Instructor. Seminar style course on high-dimensional non-linear data analysis. Topics include principal and
independent component analysis, compressive sensing, multidimensional scaling, and theory of manifolds (Spring
‘07), and signal representation, sampling, measurement, quantization and reconstruction (Spring ‘08). Students
present assigned topics and papers and discuss them in class. Students are responsible for completing two projects.
Duties include selecting and assigning topics and research papers, leading and facilitating in-class discussion.
evaluating student projects and presentations, and assigning grades in cooperation with the other instructor.

MIT, Electrical Engineering and Computer Science Department — Cambridge, MA

Discrete-Time Signal Processing (DTSP, 6.341) Fall 04
Teaching Assistant. Introductory graduate-level digital signal processing class. Taught weekly sections of 30 students
each. Taught two lectures and received lecturer feedback. Prepared exam problems, class projects, problem sets,
solutions, and handouts. Graded exams and class projects. Assigned grades in cooperation with the remaining
teaching staff members.

Introduction to Communication, Control and Signal Processing (6.011) Fall 03
Graduate Instructor. Second term senior undergraduate class. Taught one section of 25 students two times a week,
responsibility usually assigned to faculty. Prepared and graded exam problems. Developed demos and hands-on
additions to the material. Managed the course administration as head teaching assistant. Assigned grades in
cooperation with the remaining teaching staff members.

Introduction to Communication, Control and Signal Processing (6.011) Fall 01 - Spring 02
Teaching Assistant. Taught tutorials of up to 5 students. Prepared problem sets, solutions, handouts, and demos.
Managed the course administration as head teaching assistant in Fall ‘01. Assigned grades in cooperation with the
remaining teaching staff members.

DTSP (6.341), and Introduction to Communication, Control and Signal Processing (6.011)  Summer 02
Course Development. Assisted the faculty in updating the curriculum. Developed course presentations, demos, class
projects, and background screening exam questions.

AWARDS/HONORS

Harold L. Hazen Award for Teaching Excellence — Cambridge, MA May 04
Awarded by MIT’s EECS Department for excellence in teaching.

Ernst A. Guillemin Thesis Award — Cambridge, MA May 02
Awarded by MIT’s EECS Department for the best Master’s thesis in Electrical Engineering.
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MIT Presidential Fellowship — Cambridge, MA Fall 00 - Spring 01
Awarded by MIT to “the most outstanding applicants worldwide to pursue graduate studies.”

Honor Societies and Professional Associations

Sigma Xi, Scientific Research Society; Eta Kappa Nu, Electrical Engineering Honor Society; Phi Beta Kappa, National
Academic Honor Society for excellence in the liberal learning of the arts and sciences at the undergraduate level;
Institute of Electrical and Electronics Engineers.

SERVICE

Peer Review
IEEE Trans. on Image Processing, IEEE Trans. Audio Speech and Language Processing, ACM Trans. on Sensor
Networks, EURASIP Journal on Applied Signal Processing, ICASSP ‘08, ISIT '07.

Teaching Assistants Workshops — Cambridge, MA
Presented teaching methods and class management techniques to new teaching assistants in the EECS department.

SELECTED PUBLICATIONS

Journal Publications

Boufounos P., Oppenheim A. V., Goyal V. K., “Causal Compensation for Erasures in Frame Representations.” IEEE
Transactions on Signal Processing. Accepted for publication.

Smaragdis P., Boufounos P., “Position and Trajectory Learning for Microphone Arrays.” IEEE Transactions on Audio
Speech and Language Processing, Vol.15, No.1, pp.358-368, January 2007.

Boufounos P., Oppenheim A. V., "Quantization Noise Shaping on Arbitrary Frame Expansions.” EURASIP Journal on
Applied Signal Processing (JASP), Special Issue on Frames and Overcomplete Representations in Signal Processing,
Communications, and Information Theory. Vol. 2006, Article ID 53807, 12 pages, doi:10.1155/ASP/2006/53807,
Hindawi Publishing Corporation, 2006.

Boufounos P., El-Difrawy S., Ehrlich D., “Basecalling using hidden Markov models.” Journal of the Franklin Institute,
Special Issue On Genomics, Signal Processing, and Statistics, Vol. 341, iss. 1-2, pp. 23-36, January-March 2004,
Elsevier Ltd.

Conference Proceedings

Boufounos P., Baraniuk R. G., “Single-bit compressive sensing.” To appear in Proceedings of Conference on
Information Sciences and Systems, 2008 (CISS 08), March 2008, Princeton, NJ. (Invited, in preparation)

Boufounos P., Baraniuk R. G., "Reconstructing Sparse Signals From their Zero Crossings.” Submitted to IEEE
International Conference on Acoustics, Speech, and Signal Processing, 2008 (ICASSP 08).

Laska, J. N., Boufounos P., Baraniuk R. G., “Performance Analysis of Random Demodulation Compressive Samplers.”
Submitted to IEEE International Conference on Acoustics, Speech, and Signal Processing, 2008 (ICASSP 08).

Boufounos P., Duarte M. F., Baraniuk R. G., “Sparse Signal Reconstruction from Noisy Compressive Measurements
Using Cross Validation.” Proceedings of IEEE Statistical Signal Processing Workshop, 2007 (SSP 07). Vol. 15, Iss.
1, pp. 358-368, August 26-29, 2007, Madison, WI.

Boufounos P., Baraniuk R. G., “"Sigma Delta Quantization for Compressive Sensing.” Proceedings of SPIE Waveletts
XII. Proceedings of SPIE. Vol. 6701, 670104, (2007), August 26-29, 2007, San Diego, CA.

Boufounos P., Baraniuk R. G., "Quantization of Sparse Representations.” Rice University ECE Department Technical
Report 0701. Summary appears in Proceedings of the Data Compression Conference, 2007 (DCC 07), March 27-29
2007, Snowbird, UT.

Boufounos P., “Generating Binary Processes with All-Pole Spectra.” Proceedings of IEEE International Conference on
Acoustics, Speech, and Signal Processing, 2007. (ICASSP '07). Vol. 3, pp. 982-984, April 15-20 2007, Honolulu, HI.
Boufounos P., Oppenheim A. V., "Compensation of Coefficient Erasures in Frame Representations.” Proceedings of

IEEF International Conference on Acoustics, Speech, and Signal Processing, 2006. (ICASSP '06). Vol. 3, p. 848-
851, May 14-19 2006, Toulouse, France.

Smaragdis P., Boufounos P., “Learning Source Trajectories Using Wrapped-Phase Hidden Markov Models.”
Proceedings of IEEE Workshop on Applications of Signal Processing to Audio and Acoustics, 2005 (WASPAA 05),
October 2005, New Paltz, NY.

Boufounos P., Oppenheim A. V., "Quantization Noise Shaping on Arbitrary Frame Expansions.” Proceedings of IEEE
International Conference on Acoustics, Speech, and Signal Processing, 2005. (ICASSP '05), Vol. 4, p. 205-208.
March 2005, Philadelphia, PA.

Boufounos P., El-Difrawy S., Ehrlich D., “"Hidden Markov Models for DNA Sequencing.” Proceedings of Workshop on
Genomic Signal Processing and Statistics, 2002 (GENSIPS '02), October 2002, Raleigh, NC.
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Theses
Boufounos P., Quantization and Erasures in Frame Representations. MIT D.Sc. Thesis, January 2006, Cambridge, MA.
Boufounos P., Signal Processing For DNA Sequencing. MIT M.Eng. Thesis, June 2002, Cambridge, MA.

PATENTS

Smaragdis P., Boufounos P., “Locating and Tracking Acoustic Sources with Microphone Arrays.” USA patent
application, filed 2005, pending.

Smaragdis P., Boufounos P., "Method and System for Tracing Signal Sources with Wrapped-Phase Hidden Markov
Models.” USA patent application, filed 2005, pending.

TALKS/TUTORIALS

Boufounos P., Romberg J. K., Baraniuk R. G., “Compressive Sensing Theory and Applications.” Tutorial, IEEE
International Conference on Acoustics, Speech, and Signal Processing, 2008 (accepted).

Boufounos P., Baraniuk R. G., “Stable reconstruction of Sparse Signals From their Zero Crossings.” INFORMS Annual
Meeting 2008, March 2008, Atlanta, GA (invited).

Boufounos P., “An Introduction to Compressive Sensing.” Applied Math Group Meeting, Schlumberger Corporation,
October 16, 2007.

Boufounos P., “Quantization and Erasures in Frame Representations.” Signal Processing Seminars, Department of
Electrical and Computer Engineering, University of Illinois, Urbana Champaign, May 3, 2006.

Boufounos P., "Quantization and Erasures in Frame Representations.” Texas Instruments, Inc., January 18, 2006.
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