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ITU-T H.264/AVC
(MPEG-4 Part 10)



H.264/AVC Dt

[0 Broadcast over cable, satellite, cable modem, DSL,
terrestrial

O Interactive or serial storage on optical and magnetic
devices (e.g. DVD)

[0 Conversational services over IDSN, Ethernet, LAN, DSL,
wireless and mobile networks

O Video-on-demand (VoD) or multimedia streaming services
over ISDN, cable modem, DSL, LAN, wireless and mobile
networks

O Multimedia messaging services (MMS) over ISDN, DSL,
Ethernet, LAN, wireless and mobile networks

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



H.264/AVC DEXIER (1)

-| Video Coding La}’er‘ Vel

I Coded Macroblock

Control Data

>|Data Paniti:::ning‘

Coded Slice/Partition

NAL

‘ Network Abstraction La}rer‘
H.320 MP4FF H.323/1P 0 MPEG-2 etc.

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



H.264/AVC DEXIER (2)

Conimal

Marmahlocks
léx1f mxels

—(n

Inire - Frame
Predichon
Yaotion -

Totra Tt e LS COpnslion

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



Improved Prediction

O Variable block-size motion compensation (4x4 to 16x16)
O Quarter-sample-accuracy motion compensation (1/4pel)
O Picture boundary extrapolation for motion compensation
[0 Multiple reference picture motion compensation

O Flexibility in picture display ordering

O Flexibility in picture referencing

O Prediction with weights and offsets (for fading)

[0 Motion inference in skipped area

O Directional spatial prediction for intra coding

0 In-the-loop de-blocking filtering

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



Improved Coding Efficiency

0 Small block-size transform (4x4)

0 Hierarchical block transform (4x4, 8x8, 16x16)

O Short word-length transform (16-bit arithmetic)

0 Exact-match inverse transform (no calculation error)
O Arithmetic entropy coding (CABAC)

[0 Context-adaptive entropy coding (CAVLC & CABAC)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



Robustness & Flexibility

O Flexible “"parameter set” structure

O NAL unit syntax structure (network abstraction)

[0 Flexible slice size (like MPEG-1)

[0 Flexible macro-block ordering by slice groups

O Arbitrary slice ordering

[0 Redundant picture representation (after data loss)

[0 Data partitioning (for error resiliency)

00 SP/SI picture types (for decoder synchronization and
switching)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



1. NAL: Network Abstraction

& + Video Coding Laver
o3
-~
= Coded Macroblock
=
=
o « Data Partitioning

Sequence / Picture : "

: Coded Slice/Partition
Parameter set l Slices
(SPS & PPS)
Network Abstraction Layer
H.320 MP4FF H.325/1P MPEG-2 etc.
23 mwpazr | |RTPSror|  |MPEEZTS

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



1. NAL: Network Abstraction

In-band signaling (e.g. by RTP)

f NAL mit wifh VL Duis rmoedel H.264 AV Decode
H.264 AVC Encoder ' epi L el e > coder

1 g Kelinhle Farameter Set Exchange 3 2 1

Paramefer 5=t §73:
* Videm formsi FAL
» Emfr. Code CABAC

Out-band signaling (e.g. by TCP)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



2. Frame & Field

Progressive Top Bottom
Frame Field Field

Interlaced Frame (Top Field First)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



2. Frame & Field

A Pair of Macroblocks Top/Bottom Macroblocks
in Frame Mode in Field Mode

PAFF: picture-adaptive frame/field coding (odd/even fields)
MBAFF: macroblock-adaptive frame/field coding (top/bottom MBs)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



3. Slice

H.264/AVC OF S DERELL

Not using FMO (flexible macroblock ordering)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



—olice Group #2

Using FMO (flexible macroblock ordering)
= Slice groups ~ ROI (Region of Interest)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



3. Slice

O I-slice: I macroblock only
[0 P-slice: I,P macroblocks
0 B-slice: I,P,B macroblocks

[0 SP/SI-slice: (for bit-stream switching)

SP-slice (A2, AB2, B2)

___________

| i AR)—L A i B AD
@am+g+a MYB L, RikY%
= = | I-slice &Y+ SP-slice

DADHEH KL

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



4. Intra-Frame Prediction

0 Intra_4x4

Prediction directions

encoded samples

/
EFGH

H =g H O
g D |

B
b
f
]

n

O S W nlo

D
d
h
1
&
N
4x4 block to be predicted

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



4. Intra-Frame Prediction

0 Intra_4x4: nine modes

Mode 0 - Vertical

copy | lRR]

copy

Mode 1 - Horizontal

¥

L )

L

L

¥i|i¥ | ¥ |¥

Mode 2 - DC

AOOC

average

Mode 3 — Diagonal Down/Left  pjode 4 — Diagonal Down/Right

74

Modes 3 ~ 8: diagonal-down-left, diagonal-down-right, vertical-right,
horizontal-down, vertical-left, and horizontal-up

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



4. Intra-Frame Prediction

O Intra_16x16: four modes

Mode O: vertical prediction
Mode 1: horizontal prediction

Mode 2: DC prediction
Mode 3: plane prediction

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



5. Inter-Frame Prediction

0 Macroblock partitioning (for variable block-size MC)

M

Types

SN

Types

| 6x 16 | w6 MR
() o] 1
0 ol 1 ——
| 2| 3

BxS Sx4 4x8 x4
i) i) |

() 01 1

l 23

Maximally 16 motion vectors (4x4 case)

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



5. Inter-Frame Prediction

O Quarter-pel accuracy motion compensation

(] ] ] u 0 1/2-pel accuracy: 6-tap FIR
b, = (E—5F +20G +20H -51 +J)

0 O EEBE O O b=(b,+16)>>5
h, = (A-5C +20G + 20M —5R +T)
h=(h +16)>>5

[]

j, = (cc—5dd +20h, +20m, —5ee + ff )
j=(j,+512)>>10

oo

H
E [ B
EEE

O 0O [ O O 1/4-pel accuracy: 2-tap FIR
a=(G+b+1)>>1
e=(b+h+1)>>1

pixel
T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



5. Inter-Frame Prediction

O Multi-frame (multi-reference) motion compensation

4 Prior Decoded Pictures Current
as Reference Ficture

Applied to P-slices and B-slices

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



5. Inter-Frame Prediction

[0 B-slices: generalized B-pictures

\

9
o

P

‘---}

L
1
%

Yk

=

L |

N

» P-Skip mode
» B-Skip mode
- List O prediction
- List 1 prediction
- "Bi-predictive” prediction: using two reference pictures
* Direct prediction: MV prediction and no overhead transmission

+ no coefficients

M.Flierl et al: “Generalized B-Pictures and the Draft H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



6. Transform

0 4x4 integer transform

1 1 1 1
2 1 -1 -2
H 4X4 - . . . .
1 -1 -1 1 16-bit integer arithmetic
1 -2 2 -1| G, =538dBforp=0.90

1 1 1 1]

a b -b -a
HDCT(4X4): 1 -1 -1 1

b —-a a -b

a= \/Ecos% ~1.306, b= \/Ecos%r ~0.541  Gpcr4ea =5-39dBfor p=0.90

H.S.Malvar et al: “Low-Complexity Transform an Quantization in H.264/AVC”, IEEE CSVT, Jul.2003.



/. Entropy Coding

[0 exp-Golomb code: for syntax elements except quantized
transform coefficients

syntax
code elements
1 0 E .
xp-Golomb code:
010 1
011 2 QO...Q 9 2(X°°°)S
00100 3 prefix Separator suffix
00101 4
00110 5 e
00111 6
000 1 000 7
8

0001001

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



/. Entropy Coding

O CAVLC: context-adaptive variable length coding (for
quantized transform coefficients)

76 -20-1001000000O0 0 (16 coefficients)

* N = 5: number of non-zero quantized coefficients

* Tls = 2: number of '*+1' at the end of scan (trailing 1s)

» sign flag = '-' '+ : sign of Tls

- coefficient values in reverse order — '-2' '6' ‘7'

* total zeros = 3: number of zeros before the last non-zero

 run before = 2, 1: how total zeros are distributed in reverse order

. =

Context-adaptive: BEDFHILFERIZKE L THEIGHIZ VLC table 2t1E 25

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



/. Entropy Coding

O CABAC: context-adaptive binary arithmetic coding (for
quantized transform coefficients)

bin value for context model update

i
non-binary valued ¥ binvalue. Regular
syntax element Binari Context | context model qudin é
inarizer Modeler " Eein .
ngtue coded birs
regular :
syniax
element " bitstream % =t
- e e Vs CA VLCOHEMR
binary valu : Bypass coded bits
v alien x L [P .
- hin value : Coding Engine — T S
..., Binary Arithmetic Coder ? ?:PrgLeJIE. 1
!+ Rugby

| |+ Mobile & Calendar
—| 0 Football -

- Binarization: Z{E- _{EZ#
- Context modeling: HEEET JLEH -Ei5
* Binary arithmetic coding

|
|
o4 26 28 30 32 34 36 38 40 42
PSNR [dB]

D.Marpe et al: “Context-Based Adaptive Binary Arithmetic Coding ...”, IEEE CSVT, Jul.2003.



8. In-Loop Deblocking Filter
block boundary [TEYIUTHIET TS 1EED LI
XA9HH?

( ‘po _qo‘ < Ol(QP)
P~ P/ < B(QP)
L ‘Ch_%‘ < IB(QP)

BoET4ILE) T ERITT 5,

N

QP: Quantization Parameter (0~51)

e.g. «(QP)=08-(2%"°-1)
B(QP)=05-QP-7

(p, +2p, +2p, +20,+0,)/8

(py+ Py + Pp+0)/ 4 L
(2p,+3p,+ p,+ Py, +0, )/ 8 conventional H.264/AVC

Po
o8
o)

P.List et al: “Adaptive Deblocking Filter”, IEEE CSVT, Jul.2003.



PSNR [dB]

H.264/AVC Evolution

‘oo orovid+A+d x40

TML-3
TML-4
TML-5
TML-6
TML-8
TML-9
JM-1.9
JM-2.1
JM-3.4
JM-4.0d
JM-5.0c
JM-6.1e
H.263+

=28

Foreman

MPEG-4 ASP

Bit-rate [Kbps]

90 100

No TML/JM Date Location

| TML-1 Aug. 1999 Berlin, Germany

2 TML-2*% Oct. 1999 Red Bank, NI, USA
3 TML-3 Feb. 2000 Geneva, Switzerland
4 TML-4 May, 2000 Osaka, Japan

3 TML-3 Aug. 2000 Portland, OR., USA
[ TML-6 Jan. 2001 Eibsee. Germany

7 TML-7% Apr. 2001 Austin, T, LISA

8 TML-8 May 2001 Porto Seguro, Brazil
9 TML-9 Sep. 2001 Santa Barbara, CA, USA
[0 IM-1 Dec. 2001 Pattava. Thailand

Ll In-2 Feb. 2002 Geneva, Switzerland
12 IM-3 May 2002 Fairfax, VA, USA
13 -4 July 2002 Klagenfurt, Austria
14 I3 Oct. 2002 Geneva, Switzerland
) IM-6 Dec. 2002 Awajl, Japan

L6 Final Mar. 2003 Pattava. Thailand

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.



http://www.vsofts.com/h264/avi/foreman-cif-best-500.avi�

H.264/AVC Evolution

I
l
: TML/JM Date Location
: TML-1 Aug. 1999 Berlin, Germany
: TML-2% Oct. 1999 Red Bank, NJ, USA
: TML-3 Feb. 2000 Geneva, Switzerland
| TML-4 May, 2000 Osaka, Japan
i ! TML-3 Aug. 2000 Portland, OR, USA
: : TML-6 Jan. 2001 Eibsee. Germany
____________________ : I TML-7% Apr. 2001 Austin, T, LISA
: : : : : : : : : ] TML-8 May 2001 Porto Seguro, Brazil
: : : : : : : : : 9 TML-9 Sep. 2001 Santa Barbara, CA, USA
24 1 i 1 1 L 1 1 1 1 L0 -1 Dec. 2001 Pattava. Thailand
0 200 400 600 800 1000 1200 1400 1600 1800 7 Tz Feb 2002 | Geneva. Switzerland
Bit-rate [kbps] 12 | IM-3 May 2002 | Fairlax, VA, USA
13 -4 July 2002 Klagenfurt, Austria
14 I3 Oct. 2002 Geneva, Switzerland
15 I -6 Dec. 2002 Awajl, Japan
L6 Final Mar. 2003 Pattava. Thailand

T.Wiegand et al: “Overview of the H.264/AVC Video Coding Standard”, IEEE CSVT, Jul.2003.
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EREHEORENR (FELK)

Fik e
CABAC 10~15%

AIETJ Oy EIEHE ~5%

Integer Z 2 ~5%

BHRSREIFTY ~5%
R-DEE L (R[E]) 10~15%
T 30%LL k
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