EE 5351 Sections 001, and 002
Summer 2008 TuTh 6:00-7:50pm
Room: 112 NH

Instructor: K.R. Rao
Office: Room 530 NH
Office Hours: Monday, 11a.m. — 12 noon

Wednesday 2 p.m. — 3 p.m.
Phone: 817-272-3478
Mailbox: Electrical Engineering, Box 19016, UTA, Arlington TX 76019
Email: rao@uta.edu
Course WWW site: http://www-ee.uta.edu/dip/Courses/ee5351.htm
Required Textbook(s):

K. Sayood, "Introduction to data compression," Il Edition, San Francisco, CA
Morgan-Kaufmann Publishers, 2006.

Reference:

e V. Bhaskaran and K. Konstantinides, "Image video compression
standards: algorithms and architecture," |l Edition, Norwell, MA: Kluwer
Academic Publishers, 1998.

e Several books related to digital video coding are on 3 hour reserve in SEL

Course description
The course covers the fundamentals, principles, concepts and techniques of data
(video/audio) compression such as:
* Huffman coding
* Arithmetic coding
* Lempel-Ziv coding
* G3 and G4 Facsimile coding
* Scalar quantization
e Differential pulse code modulation
e Delta modulation
e Mathematical preliminaries for lossy coding
e Mathematical preliminaries for transforms, subbands and wavelets
* Subband coding
* Transform coding
* Hybrid (mixed) coding
* Brief introduction to ITU/ISO/IEC standards related to audio/video/image/data
compression
* Vector quantization
¢ Motion estimation and motion compensation
Wavelet- based compression
Analysis/synthesis schemes
Video compression
Course learning Goals/Objectives



The goals of the course are to familiarize the students with these techniques so
that they have not only a thorough grasp but also the ability to implement them
through computer projects (simulation) using standard test sequences.

Attendance and drop policy
Follow university guidelines

Tentative Lecture/Top Schedule (Course Content)

Introduction
Compression Techniques..........ooviiiiiiiiiii e
Lossless COmMPIesSION. ....uveuueernteeeeiie et eaeeiieeieennaenn,
L0SSY COMPIESSION. .. .euuttetetenteie ettt
Measures of Performance.................cooeiiiiiiiiiiiiiiiann...

Uniquely Decodable Codes...........ccooeiiiiiiiiiiiiiiiiiian..
Prefix Codes....oouvvniiii

Huffman Coding
OVEIVIBW. ..ttt ettt e e e e
The Huffman Coding Agorithm................cooiiiiiiiiii .
Minimum Variance Huffman Codes......................cceeeee.
GOlomb COdeS. .. .euititiii e
RICE COdES. ...
CCSDS Recommendation for Lossless Compression.............
Tunstall Codes. ... ..oouuieiiii
Application of Huffman Coding................oooviiiiiiiiiiiiiiinn.
Lossless Image Compression........oo.vvvuveviieiniennnenneennnnn
Text COMPIESSION. .....uiutitiitiit it
AUIO COMPIESSION. 1. uutteittentte et eee et et e aeee e eaeenneennns

Arithmetic Coding

OVEIVIEW ...ttt e

INtroduction. ... ....oouiii i

CodiNg @ SEQUENCE. . ...vviette ettt e e e
GeneratingaTag.........ooiiiiiiii
Deciphering a Tag........ovvviiiiiiiiiii e,

Generating a Binary Code............coooiiiiiiiiiiiiiii
Uniqueness and Efficiency of the Arithmetic Code...............
Algorithm Implementation..................oooiiiiiiiiin.
Integer Implementation...............c.oviiiiiiiiiiiiii

Comparison of Huffman and Arithmetic coding............................

APPLICAtIONS . ...t
Bi-level Image Compression-The JBIG Standard................



Image CoOmMPIreSSION. .....ouieeteett et et eeeieeanaannns
Dictionary Techniques
[0 7S 4 1
INtroduction. ... ....oiuiii
Static DICtONATY. ...ttt
The LZ77 Approach..........cooviiiiiiiiiiiiiiiiiiiieieeen
The LZ78 Approach...........ccovviiiiiiiiiiiiiiiii i,
APPLICALIONS . ...ttt
File Compression-UNIX Compress......c.ovvvevirienieiineennnennnn.
Image Compression-The Graphics Interchange Format (GIF).....
Compression over Modems-V.42 bis.........ccevveiiiiiiiiiinnn...

Predictive Coding

OVEIVIBW. ... e e

INtroducCtion. ... ..o

Prediction with Partial March (ppm)............c.oooiiiiiiiiii,
The Basic Algorithm................ooi
The Escape Symbol..........ccooiiiiiiiii e,
Length of Context........c.ooviviiiiiiiiiiii e
The Exclusion Principle..........coooiiiiiiiiiii i,

The Burrows-Wheeler Transform..................coiiiiiiiiiiiian.

JPE G- S
“Current” Standard..............ooooiiiiii
“New” Standard...........cooiiiiiiiiiiii

Multiresolution Approaches...........coooiiiiiiiiiiiiiiiii e
Progressive Image Transmission..............ccoeveveiiiinnennne.

Facsimile Encoding...........ccooiiiiiiiii e
Run-Length Coding............cooiiiiiiiiii e,
CCITT Group 3 and 4-Recommendation T.4
and T.0. ...
Comparison of MH, MMR, and JBIG...............c..cooeiiinie

Dynamic Markov CompresSion. .........eeeuierieeiieiiieeiieeneeaneannnns

Scalar Quantization

@17 4 15 P

Introduction. ... ..o

The Quantization Problem.................oooiiiiiii i,

Uniform QUantiZeT..........o.uiiiii i et

Adaptive QUantiZation. ... .......oouiieiuiitiieiit i
Forward Adaptive Quantization...............cccoeeviviiiiiinneennnnn.
Backward Adaptive Quantization................coovieiiiiiiiiiiinn.n.

Nonuniform QUantization..............ouviueiitiiiiiiiiie e eeennn.
Pdf- Optimized Quantization.............ccovviiviiiiiiiieiiiiniennenns
Companded Quantization..............cocvviiuiiiiiiiiiiiiiiinnnne.



Entropy-Coded Quantization..............coevviiiiiiiiiiiiiieieiieeiieennens
Entropy Coding of Lloyd-Max Quantizer Outputs...........cc.ovvviviiieiniennnnnnn.

Vector Quantization
L@ 7S 4 15
INtrodUCHION. ...
Advantages of Vector Quantization over Scalar Quantization................
The Linde-Buzo-Gray Algorithm................coooiiiiiiii .
Initializing the LBG Algorithm..............c.ocooiiiiiii
The Empty Cell Problem...............coiiiiiiii e,
Use of LBG for Image Compression............vveveeeniinneennannn...
Tree-Structured Vector QUantiZers. .........o.ovvieiniiiiieiieiiieaineeaneannns.
Design of Tree-Structured Vector Quantizers...........................
Pruned Tree-Structured Vector Quantizers.................coeeevennnn..
Structured Vector QUantiZers. ... .....oouuiiiiiiie it
Pyramid Vector Quantization................ovviiiiiiiiiiiniiniiaeann,
Polar and Spherical Vector Quantizers..............ccoevvviiienneann...
Latice Vector QUantizZers.........c.ovvveiiuiiiiiiiieiiieeieeiieeineanans
Variations onthe Theme..............ooiiiiii i,
Gain-Shape Vector Quantization...............oevviiiiiiiniiniinnannnn.
Mean-Removed Vector Quantization..................c.ooeeiiiiiieann.
Classified Vector Quantization................coiiiiiiiiiieiiiiieaiinnenn.
Multistage Vector Quantization.............c.evevvuiiiiiiiniinniennennnn..
Adaptive Vector Quantization.............ccovvveiriiiiieiieeneeaneennenn
Trellis-Coded QUantization............couuiiniiiiiiiie e eaenn

Differential Encoding
OVEIVIBW. ..ttt ettt e e e,
INtroduction. ... ..o
The Basic Algoithm...........oooiiiii e
Prediction In DPCM......o.oiiii i
Adaptive DPCM. ...
Adaptive Quantization in DPCM............c.ocooiiiiiiiiii
Adaptive Prediction In DPCM............oooiiiiiii e
Delta Modulation..........oouiiiii
Constant Factor Adaptive Delta Modulation (CFDM)....................
Continuously Variable Slope Delta Modulation...........................
SPeech CodINg. ... ..o

Transform Coding
(01775 o7 151 S
INtrodUCHION. ... o
The Transform. .. ..ooouuiiii e



Transform of INterest........vvviiiiiiii
Karhunen-Loeve Transform ..............cooviiiiiiiiiiiiiiiii e,
Discrete Cosine Transform..............oocooiiiiiiiiii i
Discrete Walsh-Hadamard Transform...................cvviinnnn. .

Quantization and Coding of Transform Coefficients............................

Application to Image Compression-JPEG...................oooiiiiii.
The Transforme............oooiiiiiii i

Subband Coding
L0 7S 4 1 P
INtroduction. ... ....oouieii
FIlersS. . o
Some Filters Used in Subband Coding....................ooeieinann.
The Basic Subband Coding Algorithm.....................ooiiiinl.
ADAY SIS .ttt
Quantization and Coding............ccovviiiiiiiiiiiii i,
SYNEhESIS. ..ttt
Design of Filter Banks *.............coiiiiiii
Downsampling *.........cooiiiiiiii e
Upsampling *.... ..o
Perfect Reconstruction Using Two-Channel Filter Banks *..................
Two-Channel PR Quandrature Mirror Filters *......................
Bit AllOCation. .....o.ueei
Application to Speech Coding-G.722........ccoiiiiiiiiiiiiiiiii e,
Application to Audio Coding-MPEG Audio...............oooiiiiiiiiinn..
Application to Image Compression...........evviiuiintiiiiiiaiinieaeeaanan
Decomposing and Image..........ccooviiiiiiiiiiiiiiii i
Coding the Subbands..............cooiiiiiiii

Wavelet-Based Compression
OVEBIVIBW. ..ttt ettt
Introduction. ... ...
WaAVEIELS. ..t
Multiresolution Analysis and the Scaling Function...........................
Implementation Using Filters.............coooiiiiiiiiiiiiiiiii,
Scaling and Wavelet Coefficients.................ccooviiiiiiiinn.
Families of Wavelets............ooooiiiiiiiiii
Image ComPIeSSION. ...ttt ettt et e e e aeeans
Embedded Zerotree Coder...........oooiiiiiiiiiiiiiiiiic
Set Partitioning in Hierarchical Trees.............c..ooooiiiiiiiiiiiiinnn
JPEG 2000, ... ettt e
Analysis/Synthesis Schemes
L0 7S g 1
INtroduction. ... ... .o



Speech ComPIeSSION. .. .uiett ittt e eeeeaeeanns
The Channel Vocoder...........coooiiiiiiiiiie
The Linear Predictive Coder (Government Standard LPC-10)......
Code Excited Linear Prediction (CELP).................coooiinal.
Sinusoidal Coders..........oouiiiiiiiiiiii i

IMage COmMPIESSION. ... .utteett ettt et e eete et e e e e e aneenneennans
Fractal Compression.........ooueiiiiiiiiiiieieie e,

Video Compression
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INtroOdUCHION. ...t

Motion COMPENSALION. . ....uetentett et ete ettt et e eeeaaeeneanens

Video Signal Representation..........c.ccovvviiiiiiiiiiiiei i eieeenann

Algorithms for Videoconferencing and Videophones...........................
ITU-T Recommendation H.261................coooiiiiiiiiiiiii
Model-Based Coding..........coovvuiiiiiiiiiiiei e,

Asymmetric Application..........o.oviiiiiiiii e
The MPEG-1 Video Standard.................oooiiiiiiiiii,
The MPEG-2 Video Standard................ccooviiiiiiiiiii i

Projects
Project 1. Huffman Coding
Project 2. Golomb Coding
Project 3. LZ-77 Algorithm
Project 4. Scalar Quantization
Project 5. Vector Quantization
Project 6. DPCM
Project 7. Subband Analysis/Synthesis
Project 8. JPEG-Baseline
Project 9. JPEG-lossless
Project10. JPEG-LS (LOCO)
Projectl1. CALIC
Project12. HINT

(More projects may be added.)

First Day of Classes: Tue., May 27, 2008
Last Date of drop: July 11, 2008
Last Day of Classes: Mon., Aug. 5, 2008

Test# 1: Thurs., June 19, 2008
Test # 2:Thurs., July 10, 2008
Final: Thurs., Aug. 7, 2008



GRADING:

PLAN A
Test 1 15% A=90-100%
Test 2 15% B=80-89%
Final 20% C=70-79%
Design projects 50% D=60-69%
PLAN B:

(For those who miss a test — not recommended)
Max of Test 1 and Test 2: 25%, Final: 25%, Design projects; 50%
Course grades are based on max. of Plan A and Plan B, whichever is higher.

Everyone must take the final.

1. No makeup. 2. No incomplete. Final exam papers will not be returned. The
student, however, has the right to look at his/her exam paper and discuss it with
the instructor. If the student has questions/clarifications regarding the returned
tests, this needs to be taken care of within a week from the dates of returns. Final
exam papers will be kept until the midsemester of the following long semester.
(No telephone calls or inquiries regarding course grades, please.) Everyone must
take the tests and final exam at the same time and at the same place. If you have
any questions on your returned tests, please do so within a week. Per the DE
policy, the distance education students are supposed to have a 24hr window to
take their exams. This time frame is to accommodate working students and
students located in different time zones. Contact: Engineering center for distance
education (Room 242 Nedderman Hall): Donya 1-817-272-2352, email:
drandolph@uta.edu

Student Evaluation of Teaching
Evaluation forms will be given to the students at the end of the semester.

Final Review Week

A period of five class days prior to the first day of final examinations will be designated
as FINAL REVIEW WEEK. The purpose of this week is to allow UT Arlington
students sufficient time to prepare for final exams. During this week, there will be no
schedule or required activities such as field trips, seminars, or performances; and no
instructor shall assign any themes, research problems or exercises of similar scope that
have a completion date during or following this week unless specified in the class
syllabus. During Final Review Week, an instructor will not give any exams constituting
10% or more of the final grade, except make-up tests and laboratory examinations. In
addition, no instructor will give any portion of the final exam during Final Review Week.


mailto:drandolph@uta.edu

Americans with Disabilities Act:

The University of Texas at Arlington is on record as being committed to both the spirit
and letter of federal equal opportunity legislation; reference Public Law 93112-The
Rehabilitation Act of 1973 as amended. With the passage of new federal legislation
entitled Americans with Disabilities Act - (ADA), pursuant to section 504 of The
Rehabilitation Act, there is renewed focus on providing this population with the same
opportunities enjoyed by all citizens.

As a faculty member, I am required by law to provide "reasonable accommodation” to
students with disabilities, so as not to discriminate on the basis of that disability. Student
responsibility primarily rests with informing faculty at the beginning of the semester and
in providing authorized documentation through designated administrative channels.

If you require an accommodation based on disability, I would like to meet with you in the
privacy of my office, during the first week of the semester, to make sure you are properly
accommodated.

Academic Dishonesty

It is the philosophy of The University of Texas at Arlington that academic dishonesty is a
completely unacceptable mode of conduct and will not be tolerated in any form. All
persons involved in academic dishonesty will be disciplined in accordance with
University regulations and procedures. Discipline may include suspension or expulsion
from the University.

"Scholastic dishonesty includes but is not limited to cheating, plagiarism, collusion, the
submission for credit of any work or materials that are attributable in whole or in part to
another person, taking an examination for another person, any act designed to give unfair
advantage to a student or the attempt to commit such acts." (Regents' Rules and
Regulations, Part One, Chapter VI, Section 3, Subsection 3.2, Subdivision 3.22).

ANY CHEATING WILL RESULT IN SEVERE PENALTIES.
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