Feedback-Based Error Control
for Robust Video Transmission

Der Technischen Fakultat

der Universitat Erlangen-Nurnberg
zur Erlangung des Grades

Doktor-Ingenieur

vorgelegt von

Nikolaus Farber
Erlangen, 2000



Als Dissertation genehmigt von
der Technischen Fakultit der

Universitit Erlangen—Niirnberg

Tag der Einreichung: 7. Februar 2000

Tag der Promotion:  27. Mérz 2000

Dekan: Prof. Dr. Harald Meerkamm

Berichterstatter: Prof. Dr.-Ing. Bernd Girod
Prof. Dr.-Ing. Johannes Huber



Berichte aus der Kommunikations- und Informationstechnik

Band 14

Nikolaus Farber

Feedback-Based Error Control
for Robust Video Transmission

D 29 (Diss. Universitat Erlangen-Niirnberg)

Shaker Verlag
Aachen 2000



Die Deutsche Bibliothek - CIP-Einheitsaufnahme

Farber, Nikolaus:

Feedback-Based Error Controlfor Robust Video Transmission/

Nikolaus Farber. Aachen: Shaker, 2000
(Berichte aus der Kommunikations-und Informationstechnik ; Bd. 14)
Zugl.: Erlangen-Nurnberg, Univ., Diss., 2000

ISBN 3-8265-7404-4

Copyright Shaker Verlag 2000

Allrightsreserved. No part of this publication may be reproduced, storedina
retrieval system, ortransmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, withoutthe prior permission
ofthe publishers.

PrintedinGermany.

ISBN 3-8265-7404-4
ISSN 1432-489X

Shaker Verlag GmbH « P.O.BOX 1290 « D-52013 Aachen
Phone: 0049/2407 /9596-0 « Telefax: 0049/2407/9596-9
Internet: www.shaker.de * eMail:info@shaker.de




Dedicated to Helmut Platzer. His unique lectures on image processing were

as enjoyable as his rafting tours on the Isar river.

Acknowledgements

I would like to thank Prof. Dr.-Ing. Bernd Girod for his valuable advice and stimulating
ideas during my doctoral studies. His gift of foreseeing promising research areas with practical
implications for the “real world of telecommunications” gave me the opportunity to work on a

challenging and rewarding project.

I would also like to thank Prof. Dr.-Ing. Johannes Huber for his interest in my work and for
his support - in particular towards the end of my studies. His introduction to the “real science

of telecommunications” motivated many aspects of this thesis.

Special thanks are dedicated to all my colleagues at the Telecommunications Laboratory of the
University of Erlangen-Nuremberg. | enjoyed the supportive atmosphere that made work not

only interesting but also fun.

Last but not least, I would like to thank my wife Anja and my twin daughters Lilli and Alina
for reminding me that the “real live” takes place outside the laboratory.






Contents

1 Introduction

2 Basic Components of Video Transmission Systems
21 General Overview . . . . . . . ...
2.2 Error Control Channel . . . . . . . . ... ... 0 Lo
2.21 Channel Model and Modulation . . . . .. ... ... ... ........
2.2.2  Channel Coding and Error Control . . . . . . ... ... ... ......
2.2.3 Throughput, Reliability, and Delay . . . . . ... ... ... ... ....
23 Video Codec . . . . . . . . .
2.3.1 Motion-Compensated Hybrid Coding . . . . . ... ... ... ... ...
2.3.2 ITU-T Recommendation H.263 . . .. .. ... ... ... ........
2.3.3  Error Detection and Resynchronization . . . . ... ... ... ... ...
234 Error Concealment . . . . . . . . ... ... L
2.3.5 Mitigation of Interframe Error Propagation. . . . . . .. ... ... ...

2.4 Chapter SUMmMAary . . . . . . . . v e e

3 Evaluation of Video Transmission Systems
3.1 Distortion Measures . . . . . . . . ...
3.2 Distortion - Distortion Function . . . . . . .. ... . Lo

3.3 Chapter Summary . . . . . . . . e e

4 Feedback-Based Error Control
4.1 Error Tracking . . . . . . ...
41.1 Low-Complexity Algorithm . . . . ... ... ... ... . ........

11
14
17
18
19
21
22
23
27

29
29
31
34



ii

CONTENTS

4.1.2 Simulation Results . . . ... ... .............
4.2 Reference Picture Selection . . . . . . ... ... ... .......
4.3 Comparison and Outlook . . . . . . . .. ... ... .. ... ...

4.4 Chapter Summary . . . . . . ... ...

5 Analysis of Error Propagation in Hybrid Video Coding
5.1 Analysis of Interframe Error Propagation . . . . . ... ... ...
5.1.1 Decay over Time . .. ... ... ... ... ... .....
512 Time Average . . . . . . . ... ...
5.2 Analysis of the Error Process . . . . ... ... ... ... . ...
5.2.1 Energy of the Error Process . . ... ... ... ......
5.2.2 Power Spectral Density of the Error Process . . . . . . ..
5.2.3 Experimental Comparison . . . . ... ... ... .....
5.3 Estimation of Model Parameters . . . . . . ... ... ... ....
5.3.1 Estimation of Leakage from Power Transfer . . . ... ..
5.3.2 Estimation of Leakage from Accumulated Power Transfer .
5.3.3 Experimental Comparison . . . . ... ... ... .....
5.4 Variation of Model Parameters. . . . . .. ... ... ... ...

5.5 Chapter Summary and Outlook . . . .. ... ... .. .. ....

6 Application to Wireless Video Transmission
6.1 Simulation Scenario . . . . .. ..o
6.2 Simulation Results . . . ... ... ... ... ... .. L.
6.2.1 Comparison of Error Resilience Techniques based on DDF's
6.2.2 Overall Mean Squared Error . . . . . .. ... ... ... ..
6.2.3 Performance Gain by Feedback . . ... ... ... ....

6.3 Chapter Summary . . ... ... ... ... ... ..

7 Conclusions



CONTENTS iii

German Translations 91
Glossary 101

Bibliography 107



