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1. Introduction

1.1. Introduction to H.264/AV C Scalable Video Coding

NT SvC
(Scalable Video Coding)
H.264/AVC
(transcoding) /
H.264/AVC-SVC
( )
VT
H.264/AVC
Coding)
H.264/AVC SVC

JSVM

AVC/H.264

NT

H.264/AVC-SVC
svC
(Scalable Video



2. PreviousWork on H.264/AVC SVC

2.1. H.264/AVC SVC System Architecture

H.264/AVC-SVC JSVM (Joint Scalable
Video Model)

2.1.1. Joint Scalable Video Mode (JSVM)
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H.264/AVC-SVC
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NT H.264/AVC-SVC

2.2. Bitstream Information of H.264/AVC Scalable Extension

H.264 /| AVC-SVC JSVM
Software

2-3 H.264/AVC SVC NAL unit
NAL unit payload NAL
unit header dependency id, temporal level, quality level



NAL Unit

Header NAL Unit Payload

1 bit 2 bits 5 bits

6 bits 1 bits

1 bits 3 bits

0 Ref Unit simple discard reserved -lLayer. . Temporal . ‘Quality::
IDC Type priority flag zero D levelD:- - Level

<):|' Only when scalable extension l,:(>

2-3 H264/AVC SVC bitstream NAL unit

2-4 NAL unit H.264 / AVC SVC
SEI Header 00 00 00 01 NAL unit start
code byte bits NAL Unit Type Payload
SEl, SPS, PPS, NAL Unit Type 7
sequence parameter set NAL Unit Type 5 coded dlice IDR picture

[6] Table 7-1 NAL Unit Typecot

§8100/08 00 01 68 FE 03 9A 80

] Pic_parameter_set
NALU

00 00000165 B8 0203 1F
> =

" Start Code Slice Data

0000000161B80444 7F ... EE DO 10 24 30 24 1C D5 C8 BD OA ...

[—
S ——

First Byte: forbidden_bit,
NALU_PRIORITY, NALU_TYPE

2-4 H264/AVC SVC bitstream binary view

CE A1l GB?gF FC 9098 ...

.. Header....

2-5 H264/AVC SVC
scalability SEl Stream Header (SCALABLE_SEI)
syntax elements [6] Annex F key frame NAL unit
temporal SEI SUB_SEQ INFO SEI



(transcoding)

SEI:: Sequence Parameter  Picture Parameter

SCALABLE_SEI Set NALU Set NALU

5] =1
SUB_SEQ _INFO

SEl::
SUB_SEQ_INFO

2-5 H264/AVC SVC

Sequence Parameter Sets Picture Parameter Sets

spatial or CGS layers NAL unit dependency id

(spatia or CGS layer id)
2-6 ice NAL Unit
dsice header dice data

SourceVideo| 0 [ 1|2 |3 (4|56 |7|8|9|10|11(12|13|14(15]|16

Order | 0|16(8 |4 |12| 2|6 (10|14 1 (3|5 |7 | 9|11|13|15
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2.3. Scalablity of H.264/AVC Scalable Video Coding

H.264/AVC Scalable Extension ISO/NIEC MPEG ITU-T VCEG
JVT (Joint Video Team)
H.264/AVC 2007 1 Final Draft Internaltional
Standard H.264/AVC Scalable Extension Spatial Scalability, Temporal

Scalablity, SNR scalability

2.3.1. Spatial Scalablity

MPEG-2/4 Spatial Scalability spatial
pyramid gpatia layer motion, temporal prediction
spatial layer spatial layer

2.3.2. Temporal Scalablity
Temproa Scalability hierarchical B-pictures

closed-loop
open-loop MCTF

2.3.3. SNR Scalablity

SNR Scalability Coarse” Grain: Scalability (CGS), Fine Grain Scalability
(FGS) CGS transform coefficients motion information
temporal prediction CGS layer FGS

Bit Rate
FGS significant pass refinement pass transform

coefficients embedded bit stream
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3. Dynamic Layer Extraction

3.1. Defect of Joint Scalable Video M odel

NT JSVM

Sub-bitstream

Decoded YUV
affected

picture
31

31 H.264/AVC-SVC NAL units

NAL units
H.264/AVC-SVC scalability SEI SElI Stream
Header
Parameter Sets (ParaSet) SEI Stream Header

Sequence Parameter Sets (SPS) Picture Parameter Sets (PPS)
spatial or CGS (coarse grain scalability)

spatial or CGS layer parameter sets
SPS PPS [6] chapter 7
H.264/AVC-SVC

spatial or CGS layer Parameter Sets
Parameter Sets
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NAL units NAL units

IDR picture (instantaneous decoding

31
JSVM
H.264/AVC-SVC JSVM
1) layer id
3-2 JSVM
2)
refresh) 3-3 JSVM
NAL units JSVM
NAL unit NAL unit NAL unit
id
NAL unit
Layer 3
2
1
1 2 3 4 Frame
3-2 2 layer id
Layer 3
2
1

1 2 3 4 Frame

3-3 2 Layer 2 3 NAL units

12
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3.2. Syntax Elements

H.264/AVC SVC Spatial, Temporal, SNR Scalability
NAL Unit Sequence, Picture Parameter Sets, Coded Slice

Supplemental Enhancement Information NAL Unit
Header 321 Spatial, Temporal,
SNR Scalability hierarchical B-pictures GOP

Paramenter Sets
Slice Header Coded Slice GOP
Frame Syntax Element 3.2.2 3.2.3

3.2.1. Syntax Elements of NAL Unit Header

nal_unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero_bit All | f(1)
nal_ref_idc All | u(2
nal_unit_type All | u(5)

nalUnitHeaderBytes =1

if(nal_unit_type == 20 || nazunit_type == 21){

nal_unit_header svc_extension() /* specifiedin Annex F */

3-1  NAL unit syntax

31 NAL Unit Header forbidden_zero bit
byte alignment nal_ref_idc NAL Unit
non-reference nal_unit_type =5 (IDR), 7 (sequence parameter set),
8 (picture parameter set) reference (2 bits)
nal_unit_type NAL Unit Payload [6] chapter 7

13



nal_unit_header svc_extension() { C | Descriptor
simple priority_id All | u(6)
discardable flag All | u(1)
reserved_zero_bit All | u(2)
temporal_level All | u(3)
dependency _id All | u(3)
quality level All | u@
nalUnitHeaderBytes += 2

}

3-2  NAL unit header SV C extension syntax

3-2 simple priority_id 6 bits SPS Spatial,
Temporal, SNR Scalability discardable flag NAL Unit

enhancement layer

reserved zero_hit (extension_flag) temporal_level temporal

scalability reference lists dependency _id Spatial scalability
gpatial or CGS layer quality-level SNR scalahility

quality level FGS layer CGS layer dependency _id

3.2.2. Syntax Elements of Sequence Parameter Sets

Sequence Parameter Sets syntax elements
(1) seq_parameter_set_id (ue(Vv)) Sequence Parameter Sets
(2) pic_order_cnt_type (ue(Vv)) Picture Order
(3) log2_max_frame_num_minus4 (ue(v)) Tempora frame_num

(4) log2_max_pic_order_cnt_Isb_minus4 (ue(v)) Picture order

3.2.3. Syntax Elements of Picture Parameter Sets

Picture Parameter Sets syntax elements
(1) pic_parameter_set_id (ue(Vv)) Picture Parameter Sets
(2) seq_parameter_set_id (ug(V)) PPS SPS

14



3.2.4. Syntax Elements of Slice Header
Slice Header syntax elements

(1) pic_parameter_set_id (ue(v)) Slice PPS

(2) frame_num (u(v)) access units reference fields

(3) idr_pic_id (ue(v)) IDR picture

(4) long_term_reference flag (u(1)) reference pictures  long term reference
(5) pic_order_cnt_lsb (u(v)) Slice  picture order frame num
(6) delta_pic_order_cnt (se(v)) field coding picture order count difference

3.3. Layer Extraction Algorithm

H.264/AVC SVC

H.264/AVC JSVM (reference software) Bitstream Extractor
JSVM Bitstream Extractor

H.264/AVC SVC

3.3.1. Intra Key Picture and IDR Picture Converison
H.264/AV C SV C Decoder dice IDR Picture

Sequence Parameter Sets, Picture Parameter Sets
intra key picture IDR

picture sheudo code

15



if (eNalUnitType==NAL_UNIT_SPS) {
pcBinDataSPS] cPacketDescription.SPSid].operator=(* pcBinData);
maxSPSid = cPacketDescription.SPSid;

if (eNalUnitType== NAL_UNIT_PPS){
pcBinDataPPS] cPacketDescription.PPSid].operator=(* pcBinData);
maxPPSid = cPacketDescription.PPSid;

if (BackuplDR && uiLayer <= uiUserLayer & & uiFGSLayer <= uiUserFGSL ayer
& & uiTempLevel <= uiUserTempLevel) { //
cPacketDescription.BackuplDR = true; // Flag ( intrapicture IDR picture)

RNOK ( m_pcH264AV CPacketAnalyzer->process( pcBinData, cPacketDescription,
pcScal ableSEIMessage)));
pcBinDataSlicel maxSlicel d++] .operator=(* pcBinData);

Sequence Parameter Sets, Picture Parameter Sets
intra key picture IDR picture
Coded Slice sheudo code

if (bNewSegment) { //
newSegFrameNum = ( (m_iPoc/GOPSize)+2) * GOPSize; //
bNewSegment = false; //
maxSliceld = 0; // Coded Slice
uiUserLayer, uiUserFGSL ayer, uiUserTempLevel //

if ( newSegFrameNum && m_iPoc == newSegFrameNum ) //
BackupI DR = true;

16



If ( newSegFrameNum & & .m_iPoc == (newSegFrameNum-+userGOPSize)

& & cPacketDescription.Layer ==0) {
if( bRequired ) printf("write SPS BinData:%d\n", index);
if( bRequired ) printf("write PPS BinData:%d\n", index);
printf("write Slice BinData:%d\n", index);

}
Decoder Sequence Paramter Set
Decoder sheudo code
Bool bNewSegment = false; // 2
Bool bCompleteSeg = false; // 2

if (eNalUnitType==NAL_UNIT_SPS&& ! bCompleteSeg )
{1 SPS ( bCompleteSeg

bNewSegment = true;
bCompleteSeg = true;

if (bNewSegment ) { //
bNewSegment = false; //
if (oldDecoder) delete oldDecoder; // decoder

new newDecoder; // decoder

if (eNalUnitType==NAL_UNIT_CODED_SLICE_IDR) {
bCompleteSeg = false; // SPS, IDR

Il flag

17
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3.3.2. Video Layer Extraction

If_analysis
SCALABLE_SEI
r—M Ay
| modification
|
|
|
: Compare to
H264AV CPacketAnalyzer | spatial or CGS layer
|
|

H.264/AVC SVC
bitstream file

Select

Scalability PPS

Dependency ID Par amef

Get SPS,

SetMng

Insert IDR picture with
GOPsize

Select
Coded Slice

SliceReader [PocCalculator

Temporal Level
Quality Level l l
| _,| suB_SEQ_INFO _

) SEI modification first SVC second SVC
If_analysi sub-bitstream sub-bitstream

: 4 Y

34
34
3-5 bitstream

NAL Unit Header, Sequence Par

syntax elements

NAL
Unit
Header

NAL
Unit
Header

Sequence
Parameter Set

nal_unit Jtype

Store SPS,

Picture
Parameter Set

nal_unit |type seq parameter_set_id,
pic_parameter_set_id,

arameter Sets, Slice Header

NAL
Unit
Header

Slice Header

nal_unit Jtype, pic_parameter_set_id,
Dependepicy 1D pic_ordef
Temporg Level frame_ngm, ...
Quality |

pic_parameter_set_id Calculate

PPS info

Select
Scalability

Dependency ID
Temporal Level

pic_order_cnt_type

Picture Order

Select
Coded Slice

V Quality Level

Reconstruct new IDR

first SVC
sub-bitstream

(when segment end)
second SVC
sub-bitstream

1)
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2) SCALABLE_SEI (stream header)
SEI| stream header

3) SPS, PPS

sequence parameter sets  picture parameter sets

spatial or CGS SPS, PPS
4) SElI SUB_SEQ_INFO
H.264/AVC SVC SElI SUB_SEQ INFO key frame
5)
GOP H.264/AVC
SvC ( NAL unit syntax element )
GOP
IDR picture dlice header syntax element
1)
3-7
GOP
2) JSVM
IDR picture GOP intra period GOP

(I picture) dlice header IDR picture syntax

19



elements idr_pic_id, no_output_of prior_pics flag, long_term reference flag

| picture IDR picture

Sub-bitstream

Scalable :

pic_parameter_set_id / pic_order_cnt_lIsb
seq_parameter_set_id // e frame_num

/ e
/ 7

ParaSet GOP 1 e
[

I IDR picture

GOP key frame

3-6
3-6
encoder
key frame
SEI
SEI

Extractor  H264AVCPacketAnalyzer  ParameterSetMng  SliceReader
PocCalculator

Extractor
3-4 SliceReader PocCalculator ParameterSetMng
H264AV CPacketAnalyzer H.264/AVC-SVC
NAL unit header nal_unit_type
NAL unit payload parameter sets coded slices
SEl PocCalculator slice header
pic_order_cnt_Isb frame_num coded dlices

20



coded dlices

Extractor

NAL unit extension

parameter sets

H264AV CPacketAnalyzer

nal unit header
coded slice

coded dlice

coded slice dice header

Extractor

nal_unit_type

SPS, PPS, SEI,

NAL unit

SliceReader
GOP

ParameterSetMng

sequence parameter 'sets

picture parameter sets

picture parameter sets

syntax element

pic_parameter Set.id

seq_parameter_set id

SPS, PPS
coded dlice pic_order_cnt_type
SPS
SliceReader
coded dlice na unit na unit payload dice
header slice header
dice type FGS frame, | frame
pic_parameter_set_id picture parameter set
IDR picture idr_pic id coded
dice picture order frame_num

pic_order _cnt_Isb

21




first. mb_in dlice
dlice_type
pic_parameter_set_id
frame_num
idr_pic_id
pic_order_cnt_Isb

delta_pic_order_cnt

PocCal culator

pic_order_cnt_type
reference frame [6] 8.2.1 decoding process

for picture order.count.

(1) sequence parameter seis syntax elements
pic_order_cnt.type
offset_for ref frame
offset_for_non_ref pic
log2_max_frame_num_minus4
log2_max_pic_order_cnt_Isb_minus4
num_ref_frames in_pic_order_cnt_cycle
(2) slice header syntax elements
pic_parameter_set_id
pic_order_cnt_Isb
delta_pic_order_cnt
frame_num

(3) nal unit header syntax elements
nal_ref_idc
nal_unit_type

22




4. Experimental Results

4.1. Dynamic Adaptation of H.264/AVC Scalable Video Coding

spatial/CGS layers

Dependency 1Ds GOP size intra period
16
IDR picture
spatia/CGS layer 176x144, 176x144, 352x288

frame rate 15, 30, 30 QP 40, 36, 30 spatial/CGS
layer FGS layers
SvC Stefan sequence 200

0-80frame || 43 80~196 frame

4-4 80" frame

IDR picture
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4-3 stefan_cif.264 Frame#19 ( )

( 0~80 frame) spatial or CGS layer base layer

enhancement layer enhancement layer FGS layer

( 80~196 frame) spatial or CGS layer base layer
QP
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5. FutureWork

NT SV C bitstream
JSVM

H.264/AVC SVC JSVM
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