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Multimedia Distribution System
- N0.9 Video Coding Standard -

Hiroshi Watanabe
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m |ISO/IEC
MPEG-1 (1992) Video CD, Web video
MPEG-2 (1994) DVD, HDTV
MPEG-4 (1999) (Mobile)
MPEG-4 AVC/H.264 (2005) Mobile TV, Blu-ray, ...

m ITU-T

— H.261(1990), H.262(=MPEG2), H.263(1995),
H.264(2005)

JPEG: Joint Photographic Experts Group
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JPEG200(

JBIG2

MPEG-21
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MPEG-21
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Mobile/PSTN N-ISDN Video DVD HDTV
Internet CD gDigital TV Source

10K 100K 1M 5SM 10M 50M
bit-rate (bit/sec)
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Mobile/PSTN N-ISDN Video DVD HDTV
Internet CD gDigital TV Source

10K 100K 1M 5SM 10M 50M
bit-rate (bit/sec)
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ISDNADTLEERE - TLESERETA TSI
EvkL—bk: px64kbps (p = 1-30)

OOV BRMOBEMELHEO Y1 EH#(DCT)
EAE &Y 1 XILCIF, QCIF

&7 R B E 4 1{E

IL—TJ4)LA
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Coding scheme for videophone, teleconferencing on
digital network (ISDN)

Bitrate: p Xx64kbps (p = 1-30)
DCT based (macroblock)

Support of CIF, QCIF

Forward MC
Loop filter
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TADRINEBATATDI=HDETAFEA
AL E YL —bk: 1.5Mbps (CD-ROM)
FRXREER YA XSIF (NTSC, PAL)

S5 LT O AMEE(GOPHEL)

MARBEHE, FERBEBESHE, #o Y/ LHR
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Coding Scheme for Digital Storage Media
Typical Bit rate: 1.5Mbps (CD-ROM)
Support of SIF (NTSC, PAL)

Random accessibility (GOP)
Bi-directional MC, Half-pel MC, DCT
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FARBFEIL(BEEATAT, BE, BIET7 I Tr—i3Y)
EwkL—k: 3-6Mbps (DVD, SDTV) 6-10Mbps(HDTV)
X RE{E: SDTV, HDTVH A X

ERAT47 AEE, HUEFAREE

MAMEEMEE, FERFBEDESHE, B/ £

A3 =A% PRI
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Generic Coding (Storage Media, Broadcasting,
Communication)

Bitrate: 3-6Mbps (DVD, SDTV) 6-10Mbps(HDTV)
Video Size: SDTV, HDTV

Functionality for Storage Media and Broadcasting

Bi-directional MC, Half-pel MC, DCT
Adaptive Prediction for Interlace Signal
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DEKSE

=1 A

TILFIA—<Vk (4:2:2, 4:4:4, /2R —R)
E{EE v L —FEEE (CBR) &R ZE (VBR)
SUF LT AR, BEY/AERLHE
Rr—ZE1) T4 (ZEM, R, BERE)
MPEG1& M H #af4

et RE

28U i *
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High quality

Multi-format (4:2:2, 4:4:4, interlace)

Constant bitrate (CBR) and Variable bitratre (VBR)
Random access, FF/FR

Scalability (Spatial, Temporal, SNR)

Backward compatibility with MPEG1

Editing functions

Error tolerant *
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B MPEG-2E VRN —LD—EZES L TEEGRBLEN A HE

Decode
HI"EREmy — 4 ¢

o —>.
1 B —>.
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Scalability of MPEG-2 (1)

B Pictures can be decoded and reconstructed from a part
of the MPEG2 bitstream

Decode
Hi BN EEE

1 B Bl —

Lt — .
.
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TEREAT—ZE) T4
“IRERBELAY” & “BREEBELAY”

BaBERT—ZE) T+«
— “lIFXMHF=La4¥” & “BERELAY

BRI R —ZE ) T4

— “EBLeLLbAY” & “BohEL Ay
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Spatial Scalability

— “low-res layer” and “high-res layer”

SNR Scalability

— “blurred layer” and “high-definition layer”
Temporal Scalability

— “flickery layer” and “smooth layer”
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207774 ILELARN)L

Profile

Spatial High 422 Multi-view

High HP@HL 422P@HL | MVP@HL
1920x1080

High1440 MP@H1440 SPP@H14 = HP@H14 MVP@H14
1440x1080 40 40 40

—Main———— [ SP@MLC— | MP@ML | SNRP@ML— | HP@ML | 422P@ML | MVP@ML
720x576

Low SNRP@LL MVP@LL
352x288
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AATATFAIL@A LA LAT

JOERE (R : 720 X 576,480 pels x 30 Hz
EvkL—Fk : #x K15 Mbits/s

iz = - 4:2:0

EO9F w3147 -1, P, B-EYF

=2 d-Eivi : IL—LtE&E/ 71— ILRiE &
INVITTFHAX : &KX 1.8 Mbits

AIEEYkL—k . BEND
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MP@ML Specification

Processing
Bitrate
Format
Picture type
Coding Unit

Buffer Size
VBR

2 720 X 576,480 pels X 30 Hz
- Max. 15 Mbits/s

:4:2:0

- 1, P, B-pictures

. Frame/Field Structure

- Max. 1.8 Mbits

- Included
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FISIHRR—ZADE TARFEAL

EvkL—k: FEDL—F

HEER: EEOTOY Ly IEE

WebT S HDIRICE SN =AU E5 574 T A —TF4AE S
FIUATS IO DEMERSE
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Object based video coding
Bitrate: Any number
Video: Progressive image

Interactive audio-visual coding and manupilation based
on the concept of Web browzer operation

TILFAT 4T EIEL AT L / Multimedia Distribution System




MPEG-4 (2)

m -l
— A —TAFEDATIATOIFDFEIEY—IL
— FATOOMR—=RDAEZZDTAETA, RT—3E) T4,
IS5—MittE, SERFFIE
— BAREMBREOAVEL—FTST(VRADRE
B UARAIR
— A —TAFEDATZIAT Oz HDEX
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MPEG-4 (2)

B Tools
Coding tools for audio-visual object

Object-based interactivity, scalability error resilience
and high-efficiency

Fusion of natural and synthetic images created by
computer graphics

B Syntax
— Scene description of audio-visual objects
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MPEGA4 M 4 &E

o 1 b b

MFEIEIEDHE
AVTINIR—RADRAT—ZE) T4
AVTUOYR—RADEIELE YR RN —LIRE
IS—ZHRRETTOIS—MmH
BHORBRET —2AN) —LOFEIL

BARVAIERZROESHSI
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Improved coding efficiency

Content-based scalability

Content-based manipulation and bitstream editing
Robustness in error-prone environments

Coding of multiple concurrent data streams

Synthetic and natural hybrid image coding
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MPEG-4~DE R &4

LNEFETITAUVERE
AITOTOMR—RADETA EA—T 1A
CGEDMHENHHE
—UB
ATV OMEELIRSE
= VEVEIREENAE
IS5—itEmDsR1k
BEHT—2ORAEL
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New functions
Object-based video and audio
Combination with Computer Graphics
Scene composition
Object manipulation and editing

Copy right protection
Reinforced error resilience
Synchronized playback of multiple data
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BHAER R =1E D4
ETAATTOTL—2(VOP)IEE
- WMRFHIL, FFERNE
T5—imif 4
e A[WVLC, T—25E|, RS/ XEHA

= T4

e A2FSAC/DCFAEl, TAVIERET1ILA
AT HRR5—5EY) T+

e ZEfH, BFfE, LAVEEDI V3 IR
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MPEG-4 Video

Characteristics of natural video coding
— Structure of video object plane (VOP)
e Shape coding, alpha map processing
Error resilience
e Reversible VLC, data partitioning, Slice header
High efficiency
e Intra AC/DC prediction, De-blocking filter
Object-based scalability
e Spatial-temporal layer structure syntax
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MPEG-4 SNHC

B RER TS DY
B/ BRERNAT)YEFE{E
2D/3D Ayl affE1t
INDA—BIZKBHEEERT = A— 3>
TORFN¥IVELY
TXRNZE
TORF xR —ZE T4
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MPEG-4 SNHC

Characteristics of synthetic image coding
Synthetic/Natural image Hybrid Coding (SNHC)
2D/3D mesh coding
Face animation by parameters
Texture mapping
Text overlapping
Texture scalability
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MPEG-4 v AT L

AT LD
VRML’'97IZED<BIFS (Binary Format for Scenes)IZ&k
o—UER

2D/3D A7z VD ERY, BFHEEBEEDI AV REIL—
ViR

ERT—R2/N\—2R

=295/ —FIZ&kBIDT—AERE

MR EERED-HDA2T—R

e JE—SMMEHR, EFENL, lBS
BREIVOADAZTI—R

e Object Content Information (OCI
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Characteristics of system

Scene composition by BIFS (Binary Format for
Scenes) based on VRML’97

Provides rule and syntax for spatial and temporal
placement of 2D/3D objects

High speed data parse
3D representation by scene graph and nodes
Interface for copy right protection

e Information of copy right, watermarking,
cryptography

Interface for search engine

e Object Content Information (OCI)
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MPEG-4 A —T 474

B HATEFRSEORHE
— RNRAF—T4FFEI
e AAC & T/F Coder
— RAT—ZTI)ILHFE1t
e RAE—FHFEIE
e CELP, HVXC
— NTAN)YOFEIE
B SREZEOFNSIE
— BEeA—TaF
- FIRRLAN, EHFIEH, ERFHR, HHRIR ...
— THFRAF-to-RE—FADA3T71—R
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MPEG-4 Audio

B Characteristics of natural audio
— Generic audio coding
e AAC and T/F Coder
— Scalable coding
e Speech coding
e CELP, HVXC
— Parametric audio coding
B Characteristics of synthesized audio
— Structured audio

e Source description, instruments information,
player information, special effects,

— Interface for text-to-speech
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EFAF TSN G B

B Video Object Plane (VOP)
— VOPO & VOP1 #3372 S1L
— BIRRFE1E

i
03k

) 313

THE WATC
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= =Y T b=

VOPO (&2 VOP1 (RIS IZNEE{(CESP))
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B Video Object Plane (VOP)
— VOPO and VOP1 are independently coded
— Shape Coding

VOPO (background) VOP1 (object) Shape data(amap)
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VOP4A )

oA —nak
— TI—\vIRE, RANEBIZKEYAD B
T A—3>
— EEHOEIEOERELE
CGHERK
HARBEGZMSDOTIYHL
— FEX
— BEUIYHL
(R, TEFEBE, TORXFVER, ... )
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Separation by Chroma-key

— Blue back video capture, separation by post
processing

Animation
— Layered cell pictures

CG generation
Separation from natural images
— By hand
— Automatic separation
(Edge detection, contour tracking, texture analysis)
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S EIVOPHEH A& DA

B TyURHEEBIK/fEPNDHEAEHE
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Example of Automatic VOP
Detection

B Combination with edge detection and region
growing/shrinking method
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VOPfF =1t DFE Rk

11 4 ¢ o w9

B Core Coder & Generic Coder

MPEG-4 VLBV Core Coder

Motion Texture | | Dpitstream
(MV) (DCT)

(Similar to H.263/MPEG-1)

Generic MPEG-4 Coder
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Struct

B Core Coder and Generic Coder

MPEG-4 VLBV Core Coder

Motion Texture | | Dpitstream
(MV) (DCT)

(Similar to H.263/MPEG-1)

Generic MPEG-4 Coder
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VOPH#F &1t —B %1

B EHZREFR
B EIREZTOLOHEE-BE)
— ENEH{EDCTH &1t
e YRS IIFFIELAEL
e BRIINTAVITNBRIZHES
e YHAREDHFEE
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VOP Coding -Pixel

B Information of pixel location
m Pixel value (luminance, chrominance) Bounding Box
— Motion compensated intrerframe DCT coding
e No coding for outside of object
e boundary block is coded

after padding
e Normal coding for inside
of object
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B AJUHNAN (FEYVA): BED8X8 DCT

B AJUHMER (JBvwIB): Paddingi®IZ 8x8 DCT

B FIDIIMML XExyT

JRYIA JnvsB

ETAATozoh

JL—LRTAavy:
A—/\R5MET1ILA

JL—LE7avy:
ZESNE
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B Inside of object (Block A): Normal 8x8 DCT

B Boundary of object (Block B): 8x8 DCT after padding
B Outside of object: Skip

Block A Block B

Intraframe block:
extrapolation by
lowpass filtering

Interframe block:

_ ] Zzero insertion
Video object
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VOPF

n FERNEARBNNEHLDIEEHR (O or 255D 21E)
B 2{ERIKRFSIL: CAE (Context-based Arithmetic Coding)
B BREYI/O07O0VVEMICFHSIE NYUTF s
— ALL “0”: VOP#%}
— ALL “255”: VOPHA
— BERIOvy:
JL—LANCAE
L —LFECAE
(BEHEME)

ALL 255
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Flag to show inside/outside of object at pixel (O or 255)
Binary shape coding: CAE (Context-based Arithmetic
Coding)

Shape is coded macroblock based Bounding Box

— ALL “O”: outside of VOP

— ALL “255”: inside of VOP
— Boundary block:
Intraframe CAE
Interframe CAE
(with MC)

ALL 255
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VOP#H &1L -& 18,

B FERNEHLRERED, ENIHNERADDIFHR
B 0~255M8E vk
B FEMEDCTHSIE

kB

New
Sperts
Car

MIABDEEE0% MIABDE1BES50%
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VOP Coding —Alpha Map-

Information for level of transparency at each pixel

|
m 8 bit (0~255)

m MC-DCT coded

Object B

Object A
e
New
Sperts

Car

0% transparency of object B 50% transparency for object B
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ATSAFE1L

ETHAIIYTE2EKDEZ(RTIANEFTHIERK
AT —LARFEIE
ATOTOME, RTTALDEAIEHIZKY T8
B EHII LT Ao IR AT BE

Fe1E

FiTH8 &)

TI4 X

TR 2 L

O—AhILT I42EH
¥ Ell‘h%liﬁ%m,m\
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Creation of Sprite (background) for entire video clip
Intraframe coding for Sprite
Object is predicted by Sprite’s geometric transform
Geometric transform can be selected

Still

Parallel motion

Affine transform

Projection transform

Local Affine transform
Prediction error is not coded
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B BEEAROHESETEAEBRTTAE
B XTSAMMORDYIZERIESVOPESHE
B FHREFSIE

FE1ExRVOP

e W
|
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Global Motion Compensation

B Prediction of image by geometric transform
B Refer the previous VOP instead of Sprite
B Prediction error is coded

Previously decoded Coding VOP

e S
‘T

TILFAT 4T EIEL AT L / Multimedia Distribution System




B RA[F/NTA—S

1RZHBCETEE) SRESB(T 71 %)
X’=x+c, y’'=y+f X’=ax+hy+c
y’=dx+ey-+f
EHIVOP IHVOP

in N .

2RSWHLK-#&/N - [BlER) RSB (EHELHER)
X’=ax+by+c X’ (ax+by+c)/(gx+hy+1)
y’=-bx+ay+f y’=(dx+ey+f)/(gx+hy+1)

T
o—o
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B Geometric parameters

1-point refer(parallel motion) 3-point refer(Affine transform)
X’=x+c, Yy =y+f X’=ax+hy+c
y’=dx+ey-+f
Previous VOP Current VOP

in il E
.ﬂ

2-point refer(enlarge/shrink, rotation) 4-point refer(projection transform)
X’=ax+by+c X’=(ax+by+c)/(gx+hy+1)
y’=-bx+ay-+f y’=(dx+ey+f)/(gx+hy+1)

T
o—o
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B AOASNSA—ZIDHETE
— X% RENOFEEIRTHEIE
— GMC: R—LNTGA =3B ELUVINZV T INTGA—E D 2{H

(O
Y g @ B W & |m)| QT

A L)

[ 3 - [

Zooming parameter Z Panning parameter P Zooming Z & Panning P

N T/

b\ 7

' \

I
4
N R4
-~ warx
P 2L gind
& F ¥\
'
l

/LN
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B Estimation of camera parameters
— Conventional method: each motion is all coded
— GMC: zooming and panning parameters only

w | |UalZ W m W “ |

4

[ 3 v -

Zooming parameter Z Panning parameter P

N T/ 7

N

7

\ /
- d
-« —
-~ >
' N

'4

/

\

\

T
4
4
‘
\
l
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MPEG-4 AVC/H.264 (ISO/IEC
14496-10, 2003)

Title: Coding of audio-visual objects,

— Part 10: Advanced Video Coding

Jas ok

— 2001F5A(CHR, xPDISIE2003F(Z5E 8k
H1iE

- BEERETAESL

77a—F

— 0.95"%<0.5
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MPEG-4 AVC/H.264 (ISO/IEC
14496-10, 2003)

Title: Coding of audio-visual objects,
— Part 10: Advanced Video Coding
Project

— Started in May 2001, The first IS was finished Iin
2003

Purpose
— High Efficiency Video Coding
Approach
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Main Technology in MPEG-4
AVC/H.264

EAXARITEFEWEIL—LBES TSI
IW—TRIZTIAYX T I4 )L 3% EH
EO9FvI[TRDHDYRSARERGD T BIZiRH
1L/ABRFBEDEFERINL
EXEHR(CAXABMBEDCTHAWNITIYv—IL LTI

HMNEEFERTYITHAXDERFB

IohOE—RS1E
UMD R LFEEGolomb &
FEIEIEDELWLCELTCAVLC (Contet-based Adaptive
Variable Length Coding)

EEEEERT2EMFBILELTCABAC (Context-based
Adaptive Binary Arithmetic Coding)
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Motion Compensated Interframe Prediction
De-blocking filter as a loop filter

Slice based prediction

1/4 pixel accuracy motion vector

4x4 integer DCT, Hadamard Transform

Fine quantization step size
Entropy coding

Cvrr Daoaciliant NnlamMmh CnAAdn
|—||U| I\CQIIICIIL UU' 111 \UUC

Simple type: CAVLC (Contet-based Adaptive Variable
Length Coding)

Complex type: CABAC (Context-based Adaptive Binary
Arithmetic Coding)
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Ov¥2T74)L3 (

FF51t28 (Encoder) D&

JL—LRE—F (Intra Mode)

> o mEieT—4
\°—> T 1 Q VLC —

"C
4 7[/ LfEE—F
(Inter Mode) TEXETHR

MC:EfE (&
ME: B ZHE
FM: DL —LAEY)
VLC: A ZERF &1L
Q:=F1t
F:74)L73

HEET—%2
VLC [
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B Encoder structure

Intra Mode
> O Bitstream

Input Image \0—’ T —

:@—»O

4 Inter Mode

T: Orthogonal Transform
MC: Motion Compensation
ME: Motion Estimation

FM: Frame Memory

VLC: Variable Length Coding
Q: Quantization

F: Filter

Bitstream
VLC —
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Ov¥>2T74)L43 (

v

209715 8 D& #E GBI Z AL EE
IL—TRI1ILA

LELMEB &L

LELMES LB

JOvoiRR
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De-blocking Filter (2)

S ~S

B Adaptive filtering to block boundary
B Inloop filter

LELMEB &L

LELMES LB

JOvoiRR
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Ov¥>2T74)L43 (

m E52 (Decoder) DIERL

B JL—LRE—F (Intra Mode)
FEIET—% BAEEE

ﬁ

VLD

JL—LBETE—F
(Inter Mode)

il MC: I FA

Vo FM:JL—LAEY
VLD:AIZERES
Ql:¥=F1t
Tl:#¥sF1
F:o4)L%
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B Decoder Structure

Intra Mode

Bitstream >0 Decoded Image
s —l

VLD

Inter Mode

FM

Bitstream

MC: Motion Compensation

VLD FM: Frame Memory

VLD: Variable Length Coding
-1: Inverse Quantization

T-1: Inverse Transform

F: Filter
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1/4BREE

-=1E28 (Encoder) M#%

JL—LRNE—F (Intra Mode)

> o mEieT—4
o T 1 Q VLC —
__’<_>_’ o
\ JL—LME—F
(Inter Mode) TEXETHR

MC:EfE (&
ME: B ZHE
FM: DL —LAEY)
VLC: A ZERF &1L
Q:£F1kt
F:74)L73

HEET—%2
VLC [
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B Encoder structure

Intra Mode
> O Bitstream

Input Image \0—’ T —

:@—»O

4 Inter Mode

T: Orthogonal Transform
MC: Motion Compensation
ME: Motion Estimation

FM: Frame Memory

VLC: Variable Length Coding
Q: Quantization

F: Filter

Bitstream
VLC —
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1/2B[ %R EET1IL2

||
||

/ABZREMET1IL2
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B Accurate motion estimation by fine interpolation

1/2 pel Interpolation filter: 6tap FIR

1/4 pel interpolation filter: 2tap FIR
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AI59ARE

-=1E28 (Encoder) M#%

JL—LRE—F (Intra Mode)

> o mEieT—4
\°—> T 9, VLC —

"C
4 7[/ LfEE—F
(Inter Mode) TEXETHR

MC:EfE (&
ME: B ZHE
FM: DL —LAEY)
VLC: A ZERF &1L
Q:=F1t
F:74)L73

HEET—%2
VLC [
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B Encoder structure

Intra Mode
> o Bitstream
Input Image ,: o T —
r\_ o

4 Inter Mode

T: Orthogonal Transform
MC: Motion Compensation
ME: Motion Estimation

ENM- Erama Mamanrv
I IVvie 1T 1TQANIIIGC IVlblIlUIy

VLC: Variable Length Coding
Q: Quantization
F: Filter

Bitstream
VLC —
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ARTARBLALDFH| (2)

B |-sliceTIX16x16/8x8/4x4EZEDNDIFELETIL—L AT

B 16x16EZENDTAOYITIF4DDE—RTIL—LAFTA (EE
KIE, EHE, FiEFaD

E—
I FEEFER
ii . 16x16T 0w
N E—
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Slice Based Prediction (2)

I-slice employs intraframe prediction with
16x16/8x8/4x4 pel blocks

In 16x16 pel block, 4 modes (vertical, horizontal,
aberage, plane) can be selected

I Coded pels
ii . 16x16 block
- PPy

TILFATATEIEL AT L / Multimedia Distribution System




ATARBLALDFH| (3)

B 8x8/4x4EZENTOYITIIODNDE—KRTIL—LAFH

8x8 JAw4

I — 3 }
| 70

FAE—LBSLEFRIAR
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Slice Based Prediction

B In 8x8/4x4 pel block, 9 modes intraframe prediction
are prepared

8x8 block

i E— 3 !

N 70

4x4 block Prediction mode number and
Its direction
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v v

BREOTH (4)

IL—LEMORA R T EEDRASA AT A

s

.
X

MPEG-4 AVC/H.264
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Frame based bi-directional Prediction by arbitrary slices
prediction

.
X

MPEG-4 AVC/H.264
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ARTARBLADTFH (

B P-sliceTlI16x16EZRBEO~TIOTOYY
B ABEOIOVIHAREZVEZATEEFHE
B Sx8EZEIAVIILISIZ3FELE(ZH E AT HE
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Slice Based Prediction

B In P-slice, 16x16 pel macroblock
B 4 kinds of blocksize can be selected for MC
B 8x8 block can further be divided in 3 modes
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BHAREDCT (1)

4

- 51t28 (Encoder) D&M

JL—LRE—F (Intra Mode)
-2 FEET—%
vLC —

 JL—LREE—F
(Inter Mode) T-EX L

MC:EfE (&
ME: B ZHE
FM: DL —LAEY)
VLC: A ZERF &1L
Q:£F1kt
F:74)L73

HEET—%2
VLC [
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B Encoder structure

Input Image

Intra Mode

Bitstream

Inter Mode

ﬁ

T: Orthogonal Transform
MC: Motion Compensation
ME: Motion Estimation

ENM- Erama Mamanrv
I IVvie 1T 1TQANIIIGC IVlblIlUIy

VLC: Variable Length Coding
Q: Quantization
F: Filter

Bitstream

VLC —
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BHFAEDCT

4

Inter-mode TIXEHFEEDCT (mismatch(a]5)

1 1 1 1/2
L1 12 -1 -1

1 -1/2 -1 1
1 -1 1 -1/2

Intra-modeTIEZ7A Y — /L £
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I khOE—%5

- =1E28 (Encoder) OERL

JL—LRNE—F (Intra Mode)

_ K 3

> o FELT—%
\_ \ 4

4 7[/ LEE—F Q1
(Inter Mode) TEXETHR
MC: B =+#1{E

ME: 1= HEE
FM: L —L*E!

VLC:RIERFE1L
Q:£F1kt
F:O4)LA

- FElET—%
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Entropy

B Encoder structure

Intra Mode

> Bitstream
Input Image ,j o T =-—>
r\_ o
' Inter Mode

T: Orthogonal Transform
MC: Motion Compensation
ME: Motion Estimation

FM: Frame Memory

VLC: Variable Length Coding
Q: Quantization

F: Filter

-_Bi;cstream
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I MAE—R

B {5 Colombf&
— EVFvAVIGEREERGT—AITEA
— RYmiEZRE
— Prefix (“O0"M:&#i) + Separator (“1”) + Suffix (“0”/”1”
DHAEHE)

e GolombfF &

1

1
1
1
1
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Entropy Coding

~J

B Exponential Colomb Code
— Apply to important data such as picture header
— Enforce error resilience

(Combination of “0” and 71”)

Exponential Golomb Code

1

1
1
1
1
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I hAOE—F

m CAVLC
— AVTFRAMEREVLC
- BYREDCTRIDMFSLITEM

1E5A

N

DCTZEE DRI DO E f{E S

B
DCTREUE

JEORE DA

=E&EDIEOFI LRI D ORI D E LKL

RRISERT A ELDFRBDER

RRISERT DIERELDRHADFFS

TILFATATEIEL AT L / Multimedia Distribution System




m CAVLC
— Context Adaptive VLC
— Apply to integer accuracy DCT coefficient

No

Contxt

Consecutive “0” before DCT coefficient

DCT coefficient

Number of non-zero coefficient

Number of zero coeff before the last non-
zero coeft.

Number of consecutive |1]| coeff at the last

Flag of consecutive “1” coeff at the last
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CABAC
— AVTFRAMERE2ERMFSIE

FENAFITHD

DURDREFR \
A a4 :
T BEOFEL

ET )L ooy

e |
’/‘/991%%/' g—l_)y )
NAF)THEY INAINRE—R R
VROREHR /I\;;\jﬁﬂt

2{ERMH S 2
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CABAC
— Context Adaptive Binary Arithmetic Coding

FENAFITHD

DURDREFR
A a4 .
ETI)E

wswx%;%/' Qﬁ%_F
—

NAFYTHBY INAIRRE—R
VAYRER

BEOHNEL
Iy

INAIRRAFHE1E
I ooy

2{ERMH S 2
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JOJ7AILELANIL

m JOJ7A)L

— SEHERFMREH/IOFOE—FHR/A AL —ZAXE )
B LA

— 15 % (bitrate: 64-240kbps)

JaJrA)L RS54 ANDFESE I rAOE—&FS1t A B L— A%

N—RXSM> I, P-slices CAVLC

Yi5R I, P, B-slices CAVLC

A I, P, B-slices CAVLC, CABAC
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B Profile

— 3 kinds (Slice type/Entropy coding type/lInterlace
capability)

B |Level

— 15 kinds (bitrate: 64-240kbps)

Profile

Slice Type

Entropy Coding

Interlace

Baseline

I, P-slices

CAVLC

No

Extention

I, P, B-slices

CAVLC

No

Main

I, P, B-slices

CAVLC, CABAC

(0]¢
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I DV .
aTec w
I IﬁDB T
B DMB-T/H
0 Assessing multiple standards

From Wikipedia
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Mobile Television In the World
(1)

B ISDB-T
B DMB-T/H
O Assessing multiple standards

From Wikipedia
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DENA)LTLE T

-

(2)

Hh s

ET4

A—T474

BRM R E

MPEG-4
AVC/H.264

MPEG-4 AAC
MPEG-4 HE-AAC

MPEG-2 HE-
JAVAN @AV

AMR-WB

AC3, Enhanced
AC3

BAR, 52, 7L
LoF, R)L—

MPEG-2

(MP@ML,
MP@HL)

MPEG-2 AAC

MPEG-4
AVC/H.264

MPEG-2 AAC

MPEG-4
AVC/H.264

MPEG-4 BSAC
MPEG-4 HE-AAC
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In the World

(2)

Type Area Video Audio

Terrestrial Europe etc MPEG-4 MPEG-4 AAC
AVC/H.264 MPEG-4 HE-AAC

MPEG-2 HE-
JAVAN @AV

AMR-WB

AC3, Enhanced
AC3

Japan, Brazil, MPEG-2 MPEG-2 AAC
Argentina, Peru (MP@ML,

MP@HL)

MPEG-4 MPEG-2 AAC
AVC/H.264

MPEG-4 MPEG-4 BSAC
AVC/H.264 MPEG-4 HE-AAC
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DEN)LTLED

INT)yR

BRM R E

MPEG-4
AVC/H.264

MPEG-4 AAC
MPEG-4 HE-AAC
TE

GPRS, EDGE

WCDMA, CDMA
EV

MBMS, BCMCS
MediaFlo

BRM, B, KE
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©)

In the World

Type

Sattelite

Hybridyk

Europe etc

MPEG-4
AVC/H.264

MPEG-4 AAC
MPEG-4 HE-AAC
TE

Mobile Network

GPRS, EDGE

WCDMA, CDMA
EV

Many places

MBMS, BCMCS
MediaFlo

Europe, Japan,
USA
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-Fk

ET AR

MPEG-4 AVC/H.264 Baseline profile 1, 2

FRIR R

320x240 Ex*% (mX)

EvkL—k

A% ex. 180/200/240kbps

2L—LL—k 15 fps

A—T 1A R MPEG-2 AAC £/35JL, RTFLA, TaT7ILE/

A—T4AL—k A]Z= ex. 48/64kbps

T —RME

2 BML C7R771)L

7—_\\

#960kbps
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Video Coding MPEG-4 AVC/H.264 Baseline profile 1, 2

Resolution 320x240 pel at the maximum

Bitrate Variable ex. 180/200/240kbps

Framerate 15 fps

Audio Coding MPEG-2 AAC mono, stereo, dual-mono

Audio Rate Variable ex. 48/64kbps

Data BML C Protocol
Broadcasting

Data About 60kbps
Broadcasting
Rate
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ENAILAETAF=EIE

B ENAILTAOFAILTLEDSIVDEHODETAFEIE
BEB*LT:%W
WFFE1ExhE
EELEIJO),I% E /) —HIiR

B MPEG-4 AVC/H.264
— BULVFESIEEMPEG-2M21E)
— BEESEMNMMPEG-2010ELl L. 770vF 2T 74)L73)
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o Coding

B Video Coding for Mobile Digital Television
— Limited Bandwidth
— High Coding Efficiency
— Low power consumption at mobile devise side

B MPEG-4 AVC/H.264
— Achieve high efficiency (2 times than MPEG-2)

— High Computational Complexity (10 times than
MPEG-2, especially de-blocking filter)
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