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In scalable video coding, multiple versions of the same video which can 
differ in resolution, bitrate and framerate are encoded into one scalable 
bitstream. This allows for an efficient compression of all representations. 
While the latest scalable video coding standard-Scalable High Efficiency 
Video Coding (SHVC)-enables a highly efficient compression, it also si-
gnificantly increases the decoder complexity compared to non-scalable 
coding in case of quality scalability. 

In this work, SHVC is extended by a flexible inter layer prediction scheme 
and an inter layer refinement method which allows for a binary mapping 
between arbitrary quantizer step sizes between the layers. It is shown 
how all of these modifications can significantly reduce the required de-
coder complexity to much more reasonable values.

Lo
w

 c
o

m
p

le
xi

ty
 s

ca
la

b
le

 H
EV

C
 u

si
n

g
 s

in
g

le
 lo

o
p

 d
ec

o
d

in
g

 
 

   
   

   
   

   
   

   
   

   
   

   
  C

h
ri

st
ia

n
 F

e
ld

m
a
n

n

19



Low Complexity Scalable HEVC Using
Single Loop Decoding

Von der Fakultät für Elektrotechnik und Informationstechnik
der Rheinisch-Westfälischen Technischen Hochschule Aachen
zur Erlangung des akademischen Grades eines Doktors der

Ingenieurwissenschaften genehmigte Dissertation

vorgelegt von

Diplom-Ingenieur

Christian Feldmann

aus Aachen

Berichter:
Univ.-Prof. Dr.-Ing. Jens-Rainer Ohm
Univ.-Prof. Dr.-Ing. Thomas Sikora

Tag der mündlichen Prüfung: 27.11.2017

Diese Dissertation ist auf den Internetseiten
der Universitätsbibliothek online verfügbar.





Shaker  Verlag
Aachen  2018

Aachen Series on Multimedia and Communications Engineering

Volume 19

Christian Feldmann

Low complexity scalable HEVC
using single loop decoding



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: D 82 (Diss. RWTH Aachen University, 2017)

Copyright  Shaker  Verlag  2018
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-6285-4
ISSN 1614-7782

Shaker  Verlag  GmbH  •  P.O. BOX 101818  •  D-52018  Aachen
Phone:  0049/2407/9596-0   •   Telefax:  0049/2407/9596-9
Internet: www.shaker.de   •   e-mail: info@shaker.de







Contents

1 Introduction 1

2 Fundamentals 5
2.1 Mathematical Fundamentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.1.1 Random Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.1.2 Entropy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1.3 Quantization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2 Video Coding Fundamentals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2.1 Hybrid Video Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2.2 Prediction Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2.3 PSNR and the Bjøntegaard Delta . . . . . . . . . . . . . . . . . . . . . . . 13

2.3 High Efficiency Video Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3.1 HEVC Coding Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.3.2 Intra and Inter Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.3.3 Transformation and Quantization . . . . . . . . . . . . . . . . . . . . . . . 17
2.3.4 Context Adaptive Binary Arithmetic Coding . . . . . . . . . . . . . . . . 21
2.3.5 Transform Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.3.6 Loop Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.3.7 Complexity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.4 Scalable Video Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.4.1 MGS and the Key Picture Concept . . . . . . . . . . . . . . . . . . . . . . 32

2.5 Scalable High Efficiency Video Coding (SHVC) . . . . . . . . . . . . . . . . . . . 33
2.5.1 Decoder Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.5.2 Common Testing Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.5.3 Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.5.4 Complexity Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3 Flexible Inter Layer Prediction in SHVC 53
3.1 Key Picture Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

3.1.1 SHVC Prediction Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
3.1.2 Modified Prediction Structure . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.1.3 Single Loop Decoding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
3.1.4 Drift . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.1.5 Performance and Complexity . . . . . . . . . . . . . . . . . . . . . . . . . 66
3.1.6 Visual Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

3.2 Decoding of Intermediate Layers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
3.2.1 Temporal Scalability in SHVC . . . . . . . . . . . . . . . . . . . . . . . . . 74
3.2.2 Medium-granular Quality Scalability . . . . . . . . . . . . . . . . . . . . . 79

3.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

vii



Contents

4 Residual Refinement 87
4.1 Inter Layer Refinement in the Transform Domain . . . . . . . . . . . . . . . . . . 89

4.1.1 Quantization Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
4.1.2 Probability and Error Analysis . . . . . . . . . . . . . . . . . . . . . . . . . 96
4.1.3 Mapping Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

4.2 Refinement Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
4.2.1 Last Significant Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
4.2.2 Newly Significant Coefficients . . . . . . . . . . . . . . . . . . . . . . . . . 109
4.2.3 Refinement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
4.2.4 Fixed Probability Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

4.3 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
4.3.1 Coding Scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
4.3.2 Coding Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
4.3.3 Worst Case Analysis of Context Coded Bits . . . . . . . . . . . . . . . . . 121

4.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

5 Combining Refinement Coding and the Key Picture Concept 125
5.1 Combined Coding Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
5.2 Performance Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
5.3 Complexity Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

6 Summary and Conclusion 133
6.1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
6.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

A Transform Coding Details 137
A.1 Last significant position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
A.2 Coefficient Level Coding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

B Additional Complexity Results 143
B.1 Worst Case Complexity Considerations . . . . . . . . . . . . . . . . . . . . . . . . 143
B.2 Complexity Results Compared to Simulcast . . . . . . . . . . . . . . . . . . . . . 144
B.3 Complexity Results for Different Memory Architectures . . . . . . . . . . . . . . 145

C Decoding of Intermediate Layers for the Low Delay Configuration 147

D Coefficient Refinement 153
D.1 Binary Refinement Mapping for Inter Prediction . . . . . . . . . . . . . . . . . . 153
D.2 Binary Refinement Mapping for 3 Layers . . . . . . . . . . . . . . . . . . . . . . . 157
D.3 Additional Coding Performance Results . . . . . . . . . . . . . . . . . . . . . . . . 166

E Additional Coding Performance Results for the Combined approach 183

Bibliography 185

viii


