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Research Statement

Research Interests

My general areas of research lie in signal processing, DSP, digital communications, image processing,
and information theory. These include (but not limited to) the topical areas of adaptive filtering,
time-frequency analysis and representations for non-stationary signals specifically AM-FM type signals,
cochannel signal separation, MAI suppression in multiuser communications, modulation type classifica-
tion, and wideband FM demodulation.

— Multicomponent AM—-FM Demodulation:

1. Energy Separation and Demodulation: Teager-Kaiser energy operator, energy separation
and demodulation, energy demodulation for large deviations, energy demodulation in noise,
multicomponent AM—FM signal model, multicomponent AM-FM signal separation and de-
modulation, matrix formulation of the Teager-Kaiser energy operator.

2. Cochannel and Adjacent Channel Signal Separation: cochannel-voice speaker separa-
tion, algebraic separation of mixtures of periodic signals, estimation of multiple periodicities
in noise, cochannel FM-voice separation. periodic algebraic separation and energy based de-
modulation (PASED), energy demodulation of CPM signals, and component enumeration for
multicomponent AM-FM signals using generalized energy operators,

3. Application of energy operators: to event detection and fault diagnosis. Analysis and
extraction of features for the classification of hypernasality in cleft palate and lip patients
using the Teager-Kaiser energy spectrum.

— AM-FM System Theoretical Foundations:

1. Sturm-Liouville framework for continuous and discrete frequency modulation, orthogonal modes
of FM modulation, instantaneous frequency response.

2. Implications of S AM-FM framework: S-L frequency modulation spectrum, S-L filter design
and system theory for AM—FM waveforms.

— Discrete Fractional Fourier Transform:

1. Discrete fractional Fourier analysis: fractional Fourier transform (FRFT), discrete rotational
Fourier Transform (DRFT), discrete Fractional Fourier Transform (DFRFT), time-frequency
analysis of multicomponent chirp signals via the DFRFT, subspace methods for multicom-
ponent chirp rate estimation, discrete Wigner distribution, slanted fractional spectrogram
based on the DFRFT and applications, a unified framework for time-frequency analysis of
non-stationary signals,

2. Applications of DFRFT analysis: time-frequency multiplexing, multicomponent signal separa-
tion, cochannel signal separation, application of the DFRFT to the estimation of velocity and
acceleration of vibrating target using SAR. Subspace multicomponent chirp parameter estima-
tion in noise using the DFRFT. Clutter suppression via subspace or Hankel rank reduction
based multicomponent chirp parameter estimation.

— Wideband FM Demodulation

* Multirate frequency transformations, wideband to narrowband conversion, bandwidth compres-
sion and noise shaping, Noble identities, adaptive linear predictive frequency tracking.

x Applications of wideband FM demodulation: wideband formant demodulation for speech ap-
plications such as in hypernasal formant analysis, wideband FM image demodulation using the
bi-directional Hilbert transform, wideband demodulation of CPM signals with both full and
partial response signaling via two stage linear predictive approaches for satellite communica-
tions, reduced sampling rate requirement for digital radio frequency memory (DRFM) devices,
and A/D & D/A design for very high sampling rates.

— Hybrid ICA and SVM Learning Systems:

1. Hybrid ICA and machine learning approaches for pattern classification: serial combination
of the fast-ICA algorithm followed by a SVM with bootstrap. that takes a set of features
and exploits the non-Gaussianity of the features to maximize the K-L divergence between the



features. The increase in negentropy between features translates to a increase in the SVM
margin and a improvement in recognition performance.

2. Applications of the ICA-SVM hybrid approach: robust recognition and classification of analog
and digital modulation using hybrid ICA-SVM approaches, vibration based engine type clas-
sification using hybrid ICA-SVM approaches, application of the hybrid ICA-SVM approach to
feature extraction in functional magnetic resonance imaging.

— MAI Reduction in DSSS—-CDMA: Adaptive IIR normalized lattice filtering for reduction of

MAT in DSSS-CDMA systems, subspace-MOE based MAI suppression, ICA-based MAIT reduction,
prior ICA-based MAI suppression.

Research Collaborators

1.

Steven R. J. Brueck, Director, Center for High Technology Materials, University of New Mexico,
Albuquerque, email: brueck@chtm.unm.edu.

. Vince Calhoun, Director, Medical Imaging Analysis Laboratory and Associate Professor Depart-

ment of E.C.E.; University New Mexico, email: vcalhoun@Qunm.edu.

3. Majeed Hayat, Professor, Department of E.C.E., UNM, email: hayat@ece.unm.edu

Ernest Armstrong, AFRL-WPAFB, Dayton, Ohio.

5. Jim McClellan, Professor, Center for Signal and Image Processing, Georgia Institute of Technology,

10.

11.

Atlanta, Georgia, email: jim.mcclellan@ece.gatech.edu

. Alexandros Potamianos, Associate Professor, Department of Electronics and Communication, Tech-

nical University of Crete, Crete, Greece, email: potam@Qtelecom.tuc.gr.

. Lucio Pessoa, Intellectual, Property Systems Technologist at Freescale Semiconductor,

email: lucio.pessoa@freescale.com

. Thalanayar S. Santhanam, Professor, Department of Physics, Saint Louis University, Saint Louis,

Missouri, email: santhats@slu.edu

. Petros Maragos, Professor, Computer Vision, Speech Communication, and Signal Processing group,

National Technical University of Athens, Greece, email: maragosQcs.ntua.gr

Walter Gerstle, Professor, Department of Civil Engineering, University of New Mexico, email:
gerstleQunm.edu.

Tom Quatieri, Information Systems Technology Group, MIT Lincoln Labs, email: quatieri@ll.mit.edu.



Teaching Statement

Teaching Goals and Vision

Teaching is an integral part of academic activities and professional development in today’s universities.
Reaching a more diverse audience of non traditional students and updating one’s teaching repertoire to
include modern technological and internet related tools has become a necessity, in an electronic world of
cell phones, laptop computers and email, to maintain and develop a competitive curriculum. Teaching
makes the university experience unique and richer, as opposed to working in a research lab where the
primary focus is just on research and publications. It is my specific desire to attain that unique balance
between teaching and research where these become synergistic activities. Listed below are some of my
teaching accomplishments and some changes that I have incorporated into my teaching plan towards
achieving the stated goals.

1.

Integrating teaching and research: at the graduate level integrating ones research into teaching
becomes essential to create a pipeline of motivated graduate students who can do independent
research. As a faculty at UNM, I have been able to use the existing infrastructure to teach special
topic courses in MATLAB, “statistical communication theory”, “adaptive filtering,” and “Space—
time Array Processing”. These courses provide the students with a look-ahead view of relevant
research topics and facilitate a smoother transition for students into research.

. Mentoring undergraduate students: this gives motivated undergraduate students an opportu-

nity to experience signal processing and communications related problems that are of interest to
the industry and the academic community. It also facilitates a pipeline of good potential graduate
students. During my tenure at UNM, I have mentored several undergraduate and graduate stu-
dents such as Chris Gibson (presently completing MS in Michigan), Eric Roberts, through special
problems courses, during the summer semesters. These courses provided me with the opportunity
to motivate some bright students to pursue a graduate degree in the SPCOM area.

. Technology: this includes web-based dissemination of information and lecture notes, efficient

use of technological tools such as real-audio, real-video, Java applets. Such tools provide a less
paper-intensive and more information efficient teaching experience. I have found that these tools
significantly enhance the appeal and utility of these courses. In addition they provide a audio-visual
dimension to the signal processing and number-crunching involved.

. Access to non traditional students: a significant portion of today’s students are non-traditional,

part time students who are employed elsewhere. Leveraging the distance learning program at UNM,
I have taught courses at Los Alamos, Sandia National Labs, Intel, and Honeywell using the ITV
program at UNM. Using cloud resources I post my lectures on dropbox resources to accommodate
students outside of the New Mexico.

. Incorporating real-world examples: this involves incorporating MATLAB based exercises and

projects into the teaching of courses. This is in response to student requests over the years for more
“real-world” examples. Signal processing and communications are areas where the concepts taught
are abstract and tend to get mathematically intense at times and this would give the students a
physical feel for the mathematical principles involved and their applications. At UNM, I introduced
and taught a spring semester special topic course on “Signal Processing Exercises in MATLAB”
that dealt with specific applications of signal processing and communications.

. Completing the pipeline: maintaining a good network and good communication with prior

students and colleagues employed both in the industry or in academia allows students who are
currently in the research program to network with prospective employers. Providing students
interested in a academic career with teaching opportunities in classes and guidance is also a very
effective way to complete the pipeline. I specifically ask my PhD students to speak in seminars
and various presentations to provide them venues and opportunities to present and discuss their
research.



Teaching at UNM

Curriculum Development

— New Courses:

1. Submitted proposal for an undergraduate course in “Engineering Problem Solving Using MAT-
LAB,” to ECE undergraduate committee, Fall 2000.

2. Offered special topics courses (ECE-595) in specific areas such as “Adaptive Filtering” and
“Spatial Array Processing”.

3. Offered a special topics course, ECE-495, “Signal Processing Exercises in MATLAB,” in Spring-
01 and Spring 2002.

4. Introduced course ECE-542, “Digital Communication Theory,” now a core course in the SP-
COM curriculum.

— Curricular Review and Mentorship:

1. Responsible for streamlining ECE-314 and ECE-340 to include MATLAB based instruction.
Made ECE-441, introduction to communication systems, a core undergraduate class.

W

Enhance your engineering skills (EYES) program originator and mentor.

Course director for the undergraduate Signals and Systems course, ECE-314 and ECE-439,
Introduction to Digital Signal Processing.

L

5. Mentor for (a) several senior undergraduate students like Chris Gibson, (b)undergraduate
honor’s projects with students like Solomon Rugunda, and (c) graduate students, like Eric
Roberts, Hariharan, through special problems courses (ECE-551).

6. Responsible for qualifying exam coordination of questions pertaining to the course ECE-539
and ECE-541 (along with Majeed Hayat).

Advisory Duties

Graduated Ph.D/MS Students :

1.

Ryan C. Shoup, “Efficient Implementation of Linear Minimum Mean Squared Error Code Division
Multiple Access Receivers Via Recursive Filtering,” Ph.D thesis, 2001, presently employed with
MIT Lincoln Laboratories.

Eric Wu: “Optimization for Imaging Interferometric Lithography in Technology Computer—Aided
Design,” Ph.D thesis, presently employed as a member of the technical staff, Spansion, San Francisco
Bay Area, 2003.

. Saeid Taheri: “Cross Layer Design of Communication Network Layers,” Ph.D thesis, 2004, presently

a post-doctoral researcher, University of New Mexico.

Juan Gaspar Vargas Rubio: “The Centered Fractional Fourier Transform, Properties, Computa-
tion, and Application to Linear Chirp Signals,” Ph.D thesis, 2004, presently faculty, Universidad
Autonoma Metropolitana Azcapotzalco, Departamento de Electronica, Mexico, DF 02200, MEX-
1CO.

Thanis Mark Tridhavee, “Optimization of Frequency Parsing Strategies for Imaging Interferometric
Lithography,” MS thesis, 2003, presently a Ph.D student at University of Michigan, Ann Arbor.

. Malay Gupta, “ICA Assisted Blind Multiuser Detection in DS—-CDMA Systems,” Ph.D Thesis,

Nov. 2005, DSP Software Developer at Research in Motion.

Lakshmipuram Srikanth Reddy, M.S. thesis topic: “Multicomponent Chirp Demodulation Using
the Multiangle Discrete Fractional Fourier Transform,” March 2007, software developer, Norwood
promotional products, Indianapolis.

David Boutte, Ph.D thesis topic: “A hybrid ICA and Machine Learning Approach for Modulation
Detection and Signal environment analysis,” Ph.D thesis, May 2009. currently a post-doctoral
researcher at the UNM Mind Institute.



9. Daniel Jackson Peacock, MS project topic: “Multicomponent Chirp Parameter Estimation using
the Discrete Fractional Fourier Transform and Subspace Decomposition,” completed May 2012,
employed as a member of the techinical staff at Sandia National Laboratories.

10. Oktay Agcaoglu, M. S. topic: “Improved Spectrograms Using the Discrete Fractional Fourier Trans-
forms,” March 2013, currently a PhD student at the UNM Mind Institute.

11. Jelili Adebello, MS project topic: “Hankel rank reduction based clutter suppression for DFRFT
enabled SAR vibrometry,” completed July 2015.

12. Chris De La Cruz, MS thesis topic: “Hypernasal Speech Analysis via Empirical Mode Decomposi-
tion and the Teager-Kaiser Energy Operator,” completed June 2016.

13. Wenjing Liu, Ph.D thesis topic: “Multirate frequency transformation and wideband AM-FM signal
demodulation with Applications to Signal Processing and Communications,” joined Fall 2013.

Co-advisor:

— 0. Lankoande, “Speckle Reduction and Segmentation of SAR Imagery Using A Markov Random
Field Model,” with Prof. Majeed Hayat.

Related Departmental Service

— Member of the following ECE committees:

ECE undergraduate curriculum committee (02-08).

ECE graduate curriculum committee (99-00,00-01,01-02,04-05).
ECE faculty search committee (00,01,02).

ECE Promotion and Tenure committee, 06-07, 07-08, 08-09.
Chair of ECE SPCOM faculty search committee, 05-06.

6. ECE awards committee (99-00).

— Area chair for the signal processing and communications (SPCOM) group 00-01, 04-05, 05-06, 08-09.

— Steering committee member, EYES program for graduate recruitment, 05, 06, 07.

Ok W=

— Member of Dean’s dissertation award committee, 08.

Other Synergistic Activities

Professional Activity

1. DSP workshops attended:
— Xilinx sponsored DSP Workshop on DSP Design Flow, Aug 5-6, University of New Mexico,
Albuquerque, 2004.
— Xilinx sponsored workshop on Digital Signal Processing with FPGAs, May 30-31, 2006.
— Attended TI DSP Workshop on DSP education using TI platforms.
2. Conference Committee Membership:
— Technical area chair for “Adaptive Systems” for the Asilomar Conference on Signals, Systems
and Computers, Nov. 2004.

— Member, International Program Committee, International Conference on Communications Sys-
tems and Applications, Banff, Canada, July, 2005 and 2006.

— Member, International Program Committee, IEEE International Conference on Systems, Man,
and Cybernetics, 2005 and 2006.

— Technical program committee member, IEEE DSP Workshop, Sedona AZ, Jan 2011.

— International program committee member, IASTED conference on Signal and Image Process-
ing, Dallas, Dec, 2011.

3. Conference Session Chair:



— Session chair, Asilomar conference on Signals, Systems, and Computers, Invited Session, “Emerg-
ing Models and Methods for Image/Video Processing,” Nov 2016.

— Session chair, IEEE Vehicular Technology Conference, Las Vegas, Nevada, April 2006.
— Session chair, “Signal Representations,” IEEE DSP Workshop, Jackson Hole, Wyoming, Sep

2006.

— Session chair, “Linear Algebra, Applications, and Optimization,” ICASSP-2007, Hawaii, April
2007.

— Session chair, “Signal Representations,” IEEE DSP Workshop, Marcos Islands, Florida, Jan
2009.

— Session chair, “Speech processing I ” and ”"Models for Signal and Image processing” at the
Asilomar Conference on Signals, Systems, and Computers, 2009.

4. Talks given:
— Seminar talk at the CSIP, School of ECE, Atlanta, Georgia, entitled, “Discrete Gauss-Hermite
Functions and Eigenvectors of the Discrete Fourier Transform,” Jan 2007.
— Seminar Talk, Los Alamos national labs, entitled ” Sturm-Liouville Framework for Continuous
and Discrete Frequency Modulation,” April 2010.
— Seminar Talk, Los Alamos National Labs, entitled, “On Orthogonal Modes of Continuous and
Discrete Frequency Modulation,” Aug, 2011.
5. Patents:
— Coauthor on patent US 7,961,975 B2, “System and Method for Reduction of Speckle Noise in
an Image,” with Ousseini Lankoande and Majeed Hayat, issued June 14, 2011.
— Coauthor on patent US 8,814,927 B2, with Ousseini Lankoande and Majeed Hayat, issued May
22, 2012.
— Coauthor on patent US 8,208,724 B2, with Ousseini Lankoande and Majeed Hayat, issued June
16, 2012.

o Reviewer Activities:

— IEEE Student Branch Counsellor (2002-2003).

— Technical reviewer for the following journals: (1) IEEE Transactions on Signal Processing, (2)
IEEE Signal Processing Letters, (3) IEEE Transactions on Communications, (4) IEEE Transactions
on Image Processing, (5) IEEE Transactions on Circuits and Systems I, (6) IEEE Transactions
on Automatic Control, (7) IEEE Transactions on Vehicular Technology, (8) IEEE Transactions
on Circuits and Systems II, (9) Signal Processing, Elsevier Science, (10) IEEE Communication
Letters, (11) IEEE Transactions on Acoustics and Speech, (12) “Optics Express,” (Optical Society
of America), 2004.

— Technical reviewer for IEEE conferences in the signal processing and communications areas, such

as GLOBECOM, VTC, SMC, ICASSP, and ISCAS.
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