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EE 599 — Underwater Acoustic Communications: Spring 2015
a case study in fast, time-varying wireless channels and sparse approximation
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Text:

Grading:

Support Systems:

Urbashi Mitra, Professor
536 EEB, 213 740 4667,ubliQusc.edu

To provide a fundamental understanding of communications over a highly time-varying
wireless channel which exhibits key structure (sparsity). The emphasis will be on
developing the analysis and design tools needed to apply such methods to research.
While the focus will be on underwater acoustic communications, state-of-the-art meth-
ods are applicable to high speed radio communiations, ulrawideband radio, and radar.

3 unit course, two meetings per week, each of 80 minutes
EE441 (linear algebra) and EE503 (probability)
Basic computer skills (i.e. programming and plotting, familiarity with Matlab).

EE563 (estimation theory), EE564 (digital communications), EE535 (mobile commu-
nications), EE553 (optimization)

there is no required text, we shall exploit course notes and seminal journal articles;
however, the following are recommended

1. Principles of Underwater Sound, 3rd Edition, Robert Urick, Penninsula Publish-
ers (1996)

2. Sparse and Redundant Representations: From Theory to Applications in Signal
and Image Processing, Michael Elad, Springer (2010) (ISBN: 978-1441970107)

3. A Wavelet Tour of Signal Processing, Third Edition: The Sparse Way, Stephane
Mallat, Academic Press 2008 (ISBN: 978-0123743701)

4. Compressed Sensing: Theory and Applications, edited by Yonina Eldar and Gitta
Kutyniok, Cambridge University Press 2012

5. "Underwater acoustic communication channels: Propagation models and statis-
tical characterization,” Milica Stojanovic and James Preisig, Communications
Magazine, IEEE 47.1 (2009): 84-89.

(tentative) 30% Homework and journal article summaries

30% Midterm

40% Final Project

Final grades will be assigned by a combination of student score distribution (curve)
and the discretion of the instructor.

A number of USCs schools provide support for students who need help with scholarly
writing. Check with your advisor or program staff to find out more. Students whose
primary language is not English should check with the American Language Institute
http://dornsife.usc.edu/ali, which sponsors courses and workshops specifically for in-
ternational graduate students. The Office of Disability Services and Programs

http://sait.usc.edu/academicsupport/centerprograms/dsp/homeindex.html pro-
vides certification for students with disabilities and helps arrange the relevant accom-
modations. If an officially declared emergency makes travel to campus infeasible, USC



Emergency Information http://emergency.usc.edu will provide safety and other up-
dates, including ways in which instruction will be continued by means of blackboard,
teleconferencing, and other technology.

Academic Conduct: Plagiarism presenting someone elses ideas as your own, either verbatim or recast in
your own words is a serious academic offense with serious consequences. Please famil-
iarize yourself with the discussion of plagiarism in SCampus in Section 11, Behavior Vi-
olating University Standards https://scampus.usc.edu/1100-behavior-violating
-university-standards-and-appropriate-sanctions. Other forms of academic
dishonesty are equally unacceptable. See additional information in SCampus and uni-
versity policies on scientific misconduct, http://policy.usc.edu/scientific
-misconduct.

Discrimination, sexual assault, and harassment are not tolerated by the university.
You are encouraged to report any incidents to the Office of Equity and Diversity
http://equity.usc.edu or to the Department of Public Safety
http://capsnet.usc.edu/department/department-public-safety/online-forms
/contact-us. This is important for the safety of the whole USC community. Another
member of the university community such as a friend, classmate, advisor, or faculty
member can help initiate the report, or can initiate the report on behalf of another per-
son. The Center for Women and Men http://www.usc.edu/student-affairs/cwm/
provides 24/7 confidential support, and the sexual assault resource center webpage
http://sarc.usc.edu describes reporting options and other resources.

Outline: (each item roughly corresponds to one week’s material, dates provided)

(1/12/15) Underwater acoustic channels and networks
(1/14/15) Vector spaces review

(1/21/15,1/26/15) Estimation and detection review

(

1/28/15,2/215)Mulitpath channel descriptions, wideband signal modeling, Doppler
scales

Ll

2/4/15) Mellin transforms versus Fourier transforms
2/9/15 and 2/11/15) Multipath channel estimation, Doppler estimation
2/18/15 and 2/23/15) Single carrier systems and synchronization
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3/4/15,3/23/15) Multicarrier systems
3/9/15) Midterm

3/11/15) inter-carrier interference and Doppler compensation

(
(
(
(2/25/15, 3/2/15) Single-carrier equalization, decision feedback equalization
(
10. (
11. (
12. Spring Break
13.

14.

3/25/15) Compressible and sparse signals, [ minimization

3/30/15,4/1/15) Probabilistic approach to compressed sensing

16.
17.
18.

(
(

15. (4/6/15, 4/8/15) large deviations theory, concentrations of measure
(4/13/15,4/15/15) Sparse Approximation in noise/optimality statements
(4/20,15,4/22/15) Structured channel estimation, exploiting sparsity
(

4/27/15, 4/29/15) Other Applications: UWB, radar, high speed train commu-
nications etc.

19. Final Exam Date: Final Project Presentations



