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ol &= H= Hlw

Communication > < Storage/Entertainment
H.261 H.263 MPEG-4 MPEG-2 MPEG-1
Date of 1990 5/96 Version 1 2/99 Version 1 11/94 11/92
Standard 5/94 revised [ 1/98 Version 2/00 Version 2
Primary Wireline VidegDesktop/Wireless Web Authoring Broadcast Digital
L __|Videophone & | DVD, Wireless DVD. HDTV Storag’e Media
Applications | Conferencing|conferencing | Videophone, HDTV ’
Typical
Video Rate | 128-384 kbps | 20-384 kbps 20 kbps-6Mbps 4-6Mbps 1.5Mbps
176x144 (QCIF
o : (QCIF) 720x480 352x240
Typical Video| 176x144 (QCIF)176x144 (QCIF) 352x288 (CIF) (ITU-R 601) (SIF)
Frame Size | 352x288 (CIF)| 352x288 (CIF) | 720x480 (ITU-R 601) | 1920x1080
1920x1080
Typical Speech Speech Speech, Music Surround Stereo CD
Associated Stereo CD, Sound Quality

Audio Quality

Surround Sound




MPEG Applications

MPEG-1 MPEG-2 MPEG-4 H.264 H.264 SE
CD- DVD PDA DMB Scalablhty
ROM DTV Handphone HD-DVD : Home—

PC i network
Streaming
f i i t }
1993 1995 1998 2004 2006
Scalability? +— * 1E&2| HILIQ 2 182 CIBH O Z 1JHX2] =&l L240F BHE
J

e SVC: 1HHO 01AEOZ2 ] HAtE, ZHYUE, HESE E4 )
e Multi—type network channel, multiple device &0 =&




ICI2 OOl &=2| 84 Jl=

Jl=&cl: 8ICIL GIOIE 0l & ot

sHE s=d= 2 AIZH =

= S2H8, AlZHE, el
o=
=

JASHH XA

2g)| =

e Prediction (0|=)

e Transformation (& &)

« Quantization (ZXt3t)

e Entropy Coding (HIEZI| £S5 3})

- Hybrid Coding (MC + T + VLC)
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Source

A 4

Pre—processing

Encoding

4destination

Pre—processing
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MPEG-1,2 Video Structure (1)

| B BEga B Be B B | /B B B By B B |

f . _‘-‘-‘v.r'_
* |- Infta coded (spatially coded) pictures GOP (Group Of Pictures)

— Forms the anchor for a GOP
* P -Forward Predicted pictures

— Predicted from previous I or P pictures

— P picture made up of vectors showing where to get pixel data from in previous pictures and/or
values that must be added to previous picture to get current pixel value

* B - Bidirectional Predicted pictures
— Predicted from previous or later | or P pictures (never from other B pictures)
— Made up of vectors showing where to getpixel data from in previous pictures



MPEG-1,2 Video Structure (2)

|*l Video Sequence l-|

|-l— Sroup of Pictures —I-rl

Picture Block
Slice Macroblock T
8
} I:I ‘M - Fi:lEIS
8

Pixels



MPEG—-1,2 ENCODER

QP
. »(H—| opcT > QuantizationT VLC » buffering
mput _ X

image @ @ @ @

De—Quantization

T
l

Motion Estimation |,

and Compensation

A @




o [ [ ]

S 2 (Motion Compensation)
2 Ty ol FAa 22ES NxN (luminance @ A2 N=16, 4:2:09] X230}
HIAS M chrominance JA2 N=8)2 22 == (macroblock) &#?lz =&
e Ty U2 EF2! Ty (target frame)2 2 & F
Ef2l TS HAZ2=E2E 0| = 01 T Y (31X ZY Y (reference
frames))= ALOI2] &S HASCH B! 22 S0 X Ty o )ty &
detE (Hiazg=2=2 HAJF S8 8E (motion vector) 0l Ch.
Metsk 0l= (forward prediction): X T 0] 0|8 FAaol AL
S22 0= (backward prediction): ZX FAH0| Ol G40 AL
SAQ HE &M AA: I HAZE S5 SA2Z (2p+1)x(2p+1)

Reference frame Target frame
. 1 1
,{&J o ) ! { ! } ' (0. 1o)
T,
I."rn- I___ _____ :_____l.y il‘I | ____:_____
- | I 1 1
, ! | 2p+1 | N
1 I | |
A I S - [
! I PN T
» | | | Macroblock
-—zp+1—- ' i i C
Matched macroblock Search window i i i i




Block Transform Encoding

Original image

139 144 149 153 - 1260 -1 -12 -5
144151153156 -, -23-11 -6 -3
150 155 160 163 -11 -9 -2 2 quantise
159 161 162 160 -7 -2 01
: 79 0-10
Z19-zag
790-2-1-1-100-10000000 «——— ~  -2-100
-1-100
079 0 000
1-2
run 0-1
length 0-1 \
code g 1 Huffman 10011011100011..
00 code



HICI2 =2 4 Lt H

 Throughput of the channel: Data rate + ECC
e Distortion of the decoded video

 Delay (latency)

e« Complexity

Problem Formulation
X &1 E delay?t complexityol Wl A bit—-rate2} distortion2
Trade—off =& g}




MPEG-2 SYSTE

Vidkeo
AL
W ke
2 LI

OEher Transpo
olrgams (e.g. Dala)

=

==

=

=

MPES-2 MPEG-2

COmpressors aysherms

MPEG-2
avstems
Processor

14 hbps
Prodgramime

Srearm

Frocessor

D oder

S0-40 hbp=

Decodet




MPEG-2 SYSTEM (TS) (1)

Mews cast
Audio

Video
Data

Sports Program
P Audllgl::l

Vide
Data

Data Tables
Program Map Table (PMT)

Electranic Program Guide (EPG) ;l' Yideo. packet
More i

&

Receives the Transport Stream
Transport Decodes it and displays on your TV
Stream

Audio. packet




MP

—G-2 SYSTEM (TS) (2)

PES packet Header

PES packet payload

/]

/

NANNS

¥ideo packel

Audio . packet

Header

~ /’

Payload Adaptation Field

(used for stuffing here)




MPEG-2 SYSTEM (TS) (3)

Yideo packet Programme Association Tabke (PAT)

Audm packet Programme Map Tab be (PWT)
/ Other packets

Facket header incdudes Programme guides,

a unique Packet ID [PD) PAT lists PIDs for Subtides,

for each steam programm & map tables bbaltimedia data,
Metwork hfo =10 Itarmet packets,
F'I"l:l!; 1=15 aho
Eﬁg 200 PMT lists PIDs associated

with & particular progredanme
Yideo =31
Audio [English) = 64
Audio [French] =- G6
Subtide = 101 el:.

el



MPEG-2 SYSTEM (PS)

e Program Stream

PSM
PSD

Primarily intended for storage and retrieval from storage media

Grouping of video, audio, and data elementary streams that have a
common time base

Each program stream consists of only one program
Useful in error free environments
e Large packet size

« Packets size may be variable (hard for decoder to predict start and
end of packets)

DVD standard uses the MPEG-2 Program Stream

al

=<

HAIANZES MEst &£

PES PES PES PES PES
(PSM) (PSD) (C2) | (HIOU2)
oAl H HOol2& ol oH HOol2&
Program Stream Map) : E2 182 2 40l= HIOLe QOLe =4 A
Program Stream Directory): & 2| AN A DI ISt AN A S22 F=




= = —
SH |AO| Oolt= M= |
PSNR [dB] — i N
40 M2 Jls2 FI)tg [
39 SECO| B It B
3 I £ E LIEIUOF & HIE =
. 1 (Botooieh =2 22
35 ——Case 1 N
34 —a— (Case 2 o
33 —i— Case 3 ]
32 —»— Case 4
31 - —w—Case 5 / |IEEE Proceedings,
30 —e—Case 6 op.18-31, Jan 2005
29 ——Case 7
28 i
0 1500 2000
Bit Rate [kbps]

Case 1

Case 4

) Spatial-transform + Intra coding only (e.g., JPEG)
Case 2) Adding Skip mode to form a CR coder
Case 3) Adding residual difference coding, but with only zero—valued MVs
) Adding integer—precision MC with blocks of size 16x16 luma samples
Case 5) Adding half-sample—precision MC
)

Case 6) Allowing some 16x16 regions to be split into four blocks of 8x8 luma

samples each for MC

Case 7) Increasing MV precision to quarter—sample



MCP (Motion—Compensated Prediction)

st = L= H| 1)
Fractional- o M= TIAl Gt 0|5H2 MV HEL & o1 M= MPEG-1,2,
sample—accuracy |« & A2F JtAQ A= B2t H.263
e 22 HAUCI =5 2 MV & |« Y M= MPEG-4
& SFAL ASP (luma), H.264
1/8 ME: H.264
Chroma

o SAHAUAME
MV

oA AN &ZF (extrapolation)

H.2635E M=

Bipredictive MCP

« 242 MVl B X

e Uncovered < 0|L} BEtEHD K=

X0l 2x0 32 Kel

(-
-

r1n

[+

e <
=
m
@
o
ol

Variable block

H.2640 A 16x16 Ol

size MCP . SXo WCO| HET o MVE D |50 SX 0l g o
otJ| et BIE #= AIO|2| trade—off 2 (macroblock) 3l

Multipicture MCP |« MVE Z2=0l)| foll 2Lote= & H.2640l A 5IH DX 2]
HAO| =~ E2SotE X Iy
cRSHE IR SN MBS B |58




H.264/AVC R

e main goals
— enhanced compression performance
— network—friendly video applications
» Features
— 4 x 4 integer DCT (avoid mismatch problem)
— variable block—size motion compensation
— quarter—sample—accuracy motion compensation
— multiple reference frame motion compensation
— directional spatial prediction for intra coding
— more effective entropy coding
- context—adaptive variable—length coding (CAVLC)
- context—adaptive binary arithmetic coding (CABAC)
— more flexible encoding features
- flexible slice size
- flexible macroblock ordering (FMO)
- arbitrary slice ordering (ASO)



MPEG-42} H.264/AVC

Functionalities

MPEG-4 Visual

H.264

Supported data type

Rectangular video frames and
fields, arbitrary—shaped video
objects, still texture and sprites,
synthetic or synthetic—natural
hybrid video objects, 2D and 3D
mesh objects

Rectangular video
frames and fields

Number of profiles 19 3 (+ High Profiles for
FREXt)
Compression Efficiency | Medium High

Support for video

Scalable coding

Switching slices

streaming

Motion compensation 8x8 4 x4

minimum block size

MV accuracy Yo Or Ya Y

Transform 8 x 8 DCT 4 x 4 DCT approximation
Built—in deblocking filter | No Yes




H.264 2~

H.264/AVC Conceptual Layers
Video Coding Layer Video Coding Layer
Encoder Encoder
L LI LIE L RN L LR I N L LR IR A AR IR I LRI AR RS IR R IR LR LA L] A a bl Al
* L- Interface f Crol st @g\
Network Abstraction Network Abstraction S‘JHILQ Al &
Layer Encoder Layer Encoder SE L Jed
Flexibility &
MAL Encoder Interface¢ NAL Decoder Interface * ~_—_CQustpmizable
\ | 7= N~ J
Transport Layer 355410 Hoedto ||
' H.264 to M- ,
H.264 to MPEG-2 H 204/M File Format| sesass
H.320 Systems T TCP/IP

ererearesarares Wired Networks  Wireless Networks SLLLY

Figure 2. H.264/AVC in a transport environment: The network abstraction layer interface
enables a seamless integration with stream and packet-oriented transport layers (from [7]) .




NAL Structure

= s
NAL Unit |« 2S5t 22 = HICI2 HOIH= &%= IS HI0IE &2l NAL Unit
= H3lst =
« NALS| HEH{ HIOIE= UIOIH &= LIEtLH= ol
« VCL NAL Unit = HICIL HIOIE &t
Non—-VCL NAL Unit = It2tHIEFLE enhancement 22 E ¢ &t
£ 2 Gl0lH
o =AY Ohs ZOIMZ2 2ol S22 HIOIE (MV 8t & type)t & =2
st OI0I& (residual DCT Hlz=)E A2 CHE NAL UnitOll BIXISIH A2
CIE S2E=2 835 > Ol0|lE partitioning
Paramet |e Sequential Parameter Sets (SPS): 253t &9 HIC|IL T Hof =
er Sets =
 Picture Parameter Sets (PPS): alLI =2 1 0|&t2 I8 BEHXHO 535
ol &=
« SPS2} PPS2| 2|2 robustness SH
* RobustnessE ?loff SPSe PPSE =&z M5 Jis
Access |- ot S HHL 28 VOL & non-VCLE Hs 2F

Units

MB + Oildd === ¢t =)t UlIOlH

« X2 RE

i (e

dundant slices)




H.264 & (HICIL &%)

|
1

A& HIE=AHICIL K&

11
L I

]
L= |
—
||

=
L=
—
-

HEFAL 25 2&

e Frame mode: & J2 2 EE GtLIS TP e =z
S&ot ot HYZ2 253}

e Field mode: 2t ZEE Sga Bz 2HF

« Macroblock—adaptive frame/field mode (MBAFF)
A ZH L= otlhe BdE 253018t
Predictiondt Residual £33t ol =2gso 2
Ol&st & Jel MBE A8 CZ & Jle 2EE=Z

=cl Jt=s

L] Ly
o

A;H " -
e - L . ® = chrominance pixel
_Jd tﬂMH $3H2| | D._"E &5”6}: %'—?— Picture— (two chroma ﬂE‘idS}

adaptive frame/field (PAFF)ct 25
—ZERCO AR MCP= &X HE A}
28t de—blocking AlZ Ot&f

00

, A== A2000 X2 CHS, =3 0l Al O



H.264 -2 (Slices)

Slices
e I'Y LHO| raster scan &&ko| MBS &gt
e A 2S3O J|IE2 =8 ©2 > error reS|I|ence (resynchromzatlon)
— Error resilience Jl=& FMO (Flexible Macroblock Ordering) Jl= E=Xe]d0:
H Z3tAIZ2 = US

- FMO“ T e MBE =409 &HoZ USs(H 222 OE =2101A20 o
st (0, “foreground” slice group and “leftover”, checkerboard S)
- ASO (Arbitrary Slice Ordering): FMO2I 2t&d &l 210 2 ASOJI A2 &
A 24018 X H 2AZ 2ol =210lA =MUI2 HB MBE2 =15
S OOF &
sct0lA= AIO12 SE€4d= 0|0t HE X2l It s.

X B

Al 220
= &

=

TTT T o 5 P S P
——— -1 ..|_. 1 ; T l o o J s ..:: o f o
— 00 #0- |' : suca;ﬁmpph___ e

—— ; L

Slice|#1| [ | S G{ =
: E"-F#J.ﬁ;
] | | | { | I &’._ ]

5"0‘3" #2 I :-!IE'E- Gme#z —r




H.264 -2 (Slices)

Slice Syntax

slice data

slice
header

LMB MB | skip_run

‘ lllll
il
et
-
-
-
—,
bl
-
-
-
-

mb_type mb_pred coded residual




H.264/AVC CODEC Structure

Basic structure of H.264/AVC for a macroblock

Coder

Input video control

il ik Control

.. ! 1,' .I -------------------------------- +* data

- T ‘
: E . p| Transform/ >
e = : scal./quant. 1 vk

I I I

(split into
macroblocks
of 16x16
pixels)

"Decoder [

sl SEEeet o

Intra/lnter

Scaling & inv.
transform

Entropy
coding

i Deblocking
Intra-frame filter
prediction {
I = '--\ Output
Mﬂtiﬂn | e e 'L-"J'Dr-f:"D
. #._ ﬁ
compensation % signal
! I Motion
¥ data

Motion

estimation




MC/ME

Input _| Coder
Video .
Signal Clontr?l Control
| g e > Data
‘ _._»._, Transform/ >Quant
I ScaI/QL:an L I .......... Transf. coeffs,
- Decoder | ! Scaling & | :
Split into e—— I QN <=2 1) <3 177
Macroblocks : ! ! Transform :
16x16 pixels : ! : ! : : Entropy
| ! . Coding
. E : De-blocking .
I R Filter
| o Intra frqme
! Prediction

F N -
- Intra/Inter




Inter Frame Prediction (P Slices)

e LIS =EF AIO| X 16x16 16x8 8x16 8x8
e Y4 sample accuracy MB 0 01

— i ' 1 Types| O 0|1
6 tap FIR filtering to ¥ sample 1 2|3

accuracy (=% L 4=Zl8t5k)

. . o Z AX8
— simplified filtering (&% < x| 2 8x8 834 T ;Ml
Y QX0 2t HA) to Vs 8x8 0 0l 1
Types 1 2
sample accuracy N

e Picture boundary{l N &= MV Hl At
e MVE 0|2 EECZEH ol=0|LL

SO XIE 259

 Multiple reference pictures

e P_Skip B & XtotE 0=0HHE MVE
EUX ZE, index 0 (list 0)0ll < Xl&t

HAAuS BFXZ P_16x16 ME E) > HEIF S HL LdAHEH S22 (slow panning)

IAUHNM =l




Motion Compensation Accuracy

MB
Types

8x8
Types

16x16

0

Sx8

0

 16x8

1

8x4

0

1

N (O [ ”"-‘r;n

m—lh Ld_\m

MPEG-2

* 16x16 block size

* Square shape

* /2 pel motion vector

=2 Weak Motion Isolation !

MPEG-4

* 8x8 block size

* Square shapes

* /2 pel motion vector

=% Moderate Motion Isolation !!

H.264

* 4x4 block size

* Arbitrary shapes

* 14 pel motion vector

= Strong Motion Isolation !1!



Multiframe Motion Compensation

Four prior-decoded pictures Current
as reference picture

Figure 3
Multi-frame motion compensation. In addition to the motion vec-

tor, also picture reference parameters (A) are transmitted. The
concept is also extended to B pictures as described below.



Multiframe Motion Compensation (A=)

o MBlaF L I Y XH b =etaf 1 &
» Reference Picture ListX
— Encoder2t Decoder0fl &M =
- Metsk List0, 8tk List1
— DPB(Decoded Picture Buffer)Ml Reference Picture X &
— Short term or long term reference picture

Multiframel| &&HE

o« At A

[ w |

- g=H0l AN A

- 2HHol SEACZ JIHE A g A

- EotA o SHAN A

— =J[HQl 2o Hot( & JtA

- Ht2 0|&2 &0 &30 U= 3 21N
o CI X

— O

- 030 =8% St

-2 H2Z2 2+



Intra Prediction

Input
Video
Signal

s S
-

Split into
Macroblocks
16x16 pixels

(

Motion-
Compensation

Intra/Inter

,| Coder
Control Control
| : @ » Data
Transform/ >Quant \

} . el

S car/Qurant ................ I ............... Transf. coeffs,
Decoder | : Scaling & Inv.

i :r"‘""* Transform
! ; R Entropy
i : Coding
i : De-blocking
! Filter

Output
- Video

»

: Signal

Motion

Motion

v

Estimation

" Data



Intra Prediction (H=)

 Two modes for luma block
- Intra 4x4 : 9 modes, texture area
- Intra 16x16 : 4 modes, flat area
-1 PCM

 One mode for chroma block
- Similar to intra 16x16

Intra 16x16
0 {vertical) 1 (horizontal) 2 (DC) 3 (plane)
H | H | H | H |
E ¥ 7 /
Vil W : ' Mean(H+H\) W




Intra Prediction (H=)

Intra 4x4
M A B C D|E
| | a b ¢ | d
J e t B h
K11 j k1
Lfm n o p
0 (vertical) 1 {harizontaly
A Bl C)OlE| ]G] H] FREEEBEEER
| |
J P
K] T ——
[ H o

3 {(wvarhical-nght)
DENEEEER

A\

[C ==

G

H

2 (DC]

AlB|CIDIE| F] Gl H|

il e
i R

-
L3

T

i
el

[m=l<]-]l=

]

(horizantal-doemn )

I

A|B[C| DIE| F] Gl H]

[=f=]<]—

S5

T (uertical-ledt)

IREEEEEELR

I
J
K
L

LR BT LR ET R I

B [honzontal-up)

Alfj!t_‘.! I EEHEE

[ [=]=|-|=

=



Intra Prediction (H=)

« D= E2H0IA typeOll THOH 2JtXIS D12 & Q! Intra Prediction: Intra_4x4,
Intra_16x16 (S€8 A2 I_PCMO0I2} Scl= 3B Mo e1E2t 2E &)

e Intra_4x4= 2 4x4 luma block0ll AISEIH aAlet So s 220 8

e Intra_16x162 &Yool st & 20 &a

« Z2tH A0 A2 Intra coding0l 0122 E=0il Inter predictiondt S A [

4ot AlIS2HE O 2 MItE 4= /OB & constrained Intra coding modeE

ANEE & US.

e Intra_16x16 mode: 16x16 luma & =0 LAl 0=

e Intra_16x16 mode&| 4JtX| mode: vertical, horizontal, DC, plane

e plane mode: position—specific linear combination, & & ol Hol= S0 Kl

e Intra MB2| chroma sample= luma®2l Intra_16x1610t = At

e |_PCM Intra MB type2 prediction0| =31 & X| &0 SA8101 & GOt
iz 858 > 1) 2532 o 228 HE £ FU0IEH2 HIE £=2C}t
LS & QI 2) EXH 2219 Lossless 253t &1

rir

 Rate distortion optimization (RDO)= ®Ist 2= Jtsgt 2=2| ==
4 x (9 x16 +4) =592 different RDO calculations




Rate—Distortion Optimization

« X| & |ntra & Inter Prediction Mode 2t =5 AI0|A 2| Z2A = ?l ol Rate—Distortion
Optimization (RDO) € 1N2|S Al

» Rate and distortion are function of QS.

» Rate and distortion are also functions of the percentage of null quantized
coefficients (“zeros”) in the block.



ransform Coding

Input .| Coder
Video !
Signal Clorlltrol Control
e | ) e > Data
>Quant. \\
Transf. coeffs,
Split into r_l????(_j_e_r___:r__z____
Macroblocks : :
16x16 pixels 1 i : Entr(_)py
| ! Coding
| : De-blocking
| Intra-frame Filter
! Prediction
; - : Output
: \04_ Motion- :_Video |
Intra/Inter Complensatlon Signal
| ‘Motion
v " Data
Motion

Estimation




ransform Coding (A=)

« DCTE 4

A0l d=+= HMOIE=

HAHS mismatch 2H4 ol A & 253t

== N L_I-g

et Atet Hl === zig-zag

f T e [ ]
. DCT 220
A2

« Chroma®2l 2x2 DC Hl %=

= raster—scan

Hadamardw
Transform

= 4x4 Block Integer Transform

1
o

H, =
=
1

» Repeated transform of DC coeffs
for 8x8 chroma and 16x16 Intra
luma blocks (Intra_16x16)

A EE

forluma ——

Hadamard
Transform
for chroma

1 1
11 -1 -1 1 1
H, = H. =
71 1 1/311—1]
1.1 3




Quantization

e 2= DCT HE==2 AZct LAtetE
 Logarithmic step size control
e Extended range of step sizes
« Smaller step size for chroma (cf. H.263 Annex T)
o Table—driven: 12.5% increase in gStep per 1-QP increase

QP 0 1 2 3 4 5] 6 7 8 9 10 11 12

qStep | 0.625 | 0.6875 | 0.8125 | 0.875 1 1125 | 1.25 | 1.675 | 1.625 | 1.75 2 2.25 2.5

QP 18 24 30 36 42 48 91

qStep 5 10 20 40 80 160 224

 Reconstruction is 16—bit multiply, add, shift




ransmission Order

DC Hl= (-1, 16, 17) & &&

16 =

S

i
AR
RN
AR RY

b
/’
=
Aan
XA
g

= I = I = > &
\ o [1 4 [ 18 [19 22
A S S -]
e 2 o e 7 2= -
16X 16
| SIS
Mode) g 9 |12 |13 Cb &l
-1
10 |11 |14 |15 Chrominance Signals

Luminance Signal Y



Entropy Coding

Input
Video
Signal

A N
EER

Split into
Macroblocks
16x16 pixels

,| Coder
Clor?trcl)l Control
g ¢ » Data
Transform/ >Quant ‘\
Scal./Quant. CN
................... ,Qr I Transf. coeffs,
Decoder | + Inv. Scal. &
v T"'""* Transform
: : R Entropy
i : Coding
i : De-blocking
i Intra-frame Filter
! Prediction :
v - : Output
\04— Motion- :_Video |
Compensation : Signal

Intra/Inter

Motion

Motion

v

Estimation

" Data



CAVLC

Preamble: # of nonzero coefficients, # of T1 (Trailing 1’s) (470<| VLC
HolE & et 7l AFE)

Significant coefficient=2| £ 32t 2ll#l gto] A7 A oz B S5}
(22 gr2 2 sstet i 6702 B|o|2 & sttE MEfSto] oM
ool w2l £33 E)

OFX|2F non-zerogt O™ 2| zero2| =

Zt significant level & O| M of| 2hAi St A 5X Q1 zero2| =

2t 253 ctA olct =t 7Fs zerol| gholl et run 2o £S5 3E ¢l e
Ho|= MHH

MA 32702] VLC H|O| & A2

Hol=2el dF= X& =2t0] ERL2810] on-line Al&HA| 2la 24

71Z&2| run-length & =t0]| H|5l 2-7%2| HIEE HZf

U



CAVLC (H%)

4 ¥ 4 Block of Quantized Array of Scanned Quantized
Transform Coefficients Transform Coefficients

PV A A

o

CAVLC

Preamble Number signif. coeff: 5
Trailing 1's (T1): 3

Heverse Sign T1: —1.,1,1
Precoded Levels: 2,1
Syntax Total Zeros: 2

Elements Hun Before: 0. 1, 1, (0)




De—Dblocking Filter

Input
Video
Signal

s S
-

Split into
Macroblocks
16x16 pixels

,| Coder
Control Control
I R > Data -
Transform/ >Quant \
. nt. e
Scar/Qurat ................ I ............... Transf. coeffs,
Decoder | : Scaling & Inv.
i :r"‘""* Transform
1 i ; Entr(_)py ,
| : Coding
| Intra-frame
! Prediction :
i ; : Output
: \04— Motion- :_Video |
' Intra/inter| Compensation Signal

Motion

v

Motion

Estimation

" Data



De—blocking Filters (HI=5)

De-blocking 2 &8 Z Coding LooplH0ll =€ 01®: (1) MCol &
ZIfHE = WREt Mo A2 (2) 2210 De-blocking ZEHE 2|2
AXNEZESIH 2 St BH
30l o 2 =2 Hel
(1) On Slice Level: global strengthJt HICI2 AIZ AL HE EH0| 2o X&
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De—blocking Filters ()

Deblocking filter: Highly compressed decoded inter picture

1) Without Filter 2) with H264/AVC Deblocking



H.264 =i

| Extended Profile
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FRExt Amendment

« Fidelity Range Extensions (FRExt) Amendment 1: 200443 78 =24
» Content—contribution, content—distribution, Studio editing and post—
processingll === <o

— Use more than 8 bits per sample of source video accuracy

— Use 4:2:2 or 4:4:4

— Alpha—blending

— Use very high bit-rates

— Use very high resolution

— Achieve very high fidelity — even representing some parts of the video

lossless

— Avoid color—space transformation rounding error

— Use RGB color representation
» Produce the High profiles: support all features of the prior Main profile and
additionally support an adaptive transform coding and perceptual guantization
scaling matrices
» Applications: HD-DVD, BD—-ROM, DVB standards for European broadcasting
television



H.264 Levels (1)
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H.264/AVC Levels (2)

Level Number

Tvpical Picture

Typical frame rate

Maximum

Maximum number of

Size compressed bit rate reference frames for
(for VCL) in tyvpical picture size
Non-FRExt profiles

1 QCIF 15 64 kbps 4

1b QCIF 15 128 kbps 4
11 CIF or QCIF 7.3 (CTF) / 30 (QCIF) 192 kbps 2 (CIF) /9 (QCIF)
1.2 CIF 15 384 kbps 6
1.3 CIF 30 768 kbps 6

2 CIF 30 2 Mbps 6
21 HHE. (4801 or 3761) 30/ 25 4 Mbps 6
22 SD 15 4 Mbps 5

3 SD 30/25 10 Mbps 3
31 1280x720p 30 14 Mbps 3
3.2 1280x720p 60 20 Mbps 4

4 HD Formats 60p / 301 20 Mbps 4

(720p or 10801)
41 HD Formats 60p / 301 50 Mbps 4
(720p or 10801)

4.2 1920x1080p 60p 50 Mbps 4

3 2kxlk 72 135 Mbps 3
a1 2kx1k or 4kx2k 120/ 30 240 Mbps 3




Complexity of Codec Design

Codec design includes relaxation of traditional bounds on
complexity (memory & computation) — rough guess 2—-3x decoding

power increase relative to MPEG—-2, 3—4x encoding
Problem areas:

— Smaller block sizes for motion compensation (cache access
issues)

— Longer filters for motion compensation (more memory access)

— Multi-frame motion compensation (more memory for reference
frame storage)

— More segmentations of macroblock to choose from (more
searching in the encoder)

— More methods of predicting intra data (more searching)
— Arithmetic coding (adaptivity, computation on output bits)



“rror Detection for H.264/AVC

« Constraints imposed on the H.264/AVC video bitstream syntax
1) Codeword for the VLC code, the transform coefficient, the motion vector
code, CBP, DQUANT, the MBTYPE code, or the REFFRAME code.
2) The total number of decoded MBs in a slice should be equal to the size

of the slice.
3) The number of the decoded transform coefficients within a 4x4 block

should be smaller than 16.
4) Invalid video data are detected. For example, the prediction error between

the predictive block and the current block is an invalid value.



Comparisons (Coding Efficiency)(1)

Video Streaming Applications

38
37 F
36
35 F
34
33
32 r
31 ¢
30 |
29 F
28 |
27 r
26 r
25 |
24 '

Y-PSNR [dB]

352x288
. brogressiv

Tempete CIF 15Hz

=+ H.264/AVC MP
-+ MPEG-4 ASP
- H.263 HLP

- MPEG-2

0 256

Coder

MPEG-4 ASP

512 768 1024
Bit Rate [kbit/s]

1280 1536 1792

Average Bit Rate Savings Relative To:
H.263 HLP MPEG-2

e]

H.264/AVC MP
MPEG-4 ASP
H.263 HLP

37.44% 47.58% 63.57%
- 16.65% 42.95%
- - 30.61%

A. Joch et al., “Performance comparison of video coding standards using Lagrangian coder control,” ICIP 2002




Comparisons (Coding Efficiency)(2)

Video Conferencing Applications

r7352x288
. brogressiv

e]

——
Paris CIF 15Hz

39
38
37
36
35
__ 34
2 33
o 32
< 31 |
& 30 |
29 T --H.264/AVC BP
25 -+H.263 CHC
2; I ~MPEG-4 SP
o5 | -+ H.263 Baseline
24
0 128 256 384 512 640 768
Bit Rate [kbit/s]
Average Bit Rate Savings Relative To:
Coder H.263 CHC MPEG-4 SP H.263 Base
H.264/AVC BP 27.69% 29.37% 40.59%
H.263 CHC = 2.04% 17.63%
MPEG-4 SP - - 15.69%

A. Joch et al., “Performance comparison of video coding standards using Lagrangian coder control

;" ICIP 2002




Comparisons (Coding Efficiency)(3)

Entertainment Applications

Y-PSNR [dB]

41 ¢
40 b
39 -
38 -
37 b
36 -
35 b
34 -
33 -
32 b
31
30 F
29 -
28 -

27

720x576
—_ Interlaced

5

Canoe ITU-R 601, Intra Coding Only

- H.264/AVC MP, Intra Only

= \otion-JPEG2000

2 4 6 8 10

Bit Rate [Mbit/s]

12



Comparisons (Coding Efficiency)(4)

Digital TV Applications [ 280X72.0j
— ¥DFOQI’GSSIVG

44

42 r/-/"/'
40 Jf#*###*ff”*ﬁr .
S 38 /

o //

v
Z 36
o
34
/ —— H.264/AVC FREXxt
32 7

—

—=— MPEG-2
3[] T T T T T T T T T T
oc 2 4 6 8 10 12 14 16 18 20 22

Mbps

G.J.Sullivan, et al., SPIE August 2004




Performance of FRExt High Profile

1920x1080
Progressive
24frames/s
4 a03
Mean 1.5 4.00 3.90
Opinion ™ 3.65 3.7 359
Score 3
2.5
I I I | I |
H.264/AVC H.264/AVC H.264/AVC H.264/AVC Original video MPEG.2
High Profile High Profile High Profile High Profile with no 24 Mbps
8 Mbps 12 Mbps 16 Mbps 20 Mbps compression DVHS
emulation

Blue—-ray Disk Association




Comparisons (Hardware Complexity)(1)

Encoder Complexity
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Comparisons (Hardware Complexity)(2)

Decoder Complexity
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H.264 Competitors

Name Group Standard Strong Points Notes
H.264 | MPEG+ITU | HD-DVD * High performance  High Complexity
DMB (on low—bit rate) « MPEG-LA
(main) « MPEG standard licence
WMV9 | Microsoft HO-DVD * High performance  MS solution
(VC1) (main) (on low—bit rate) e Patent issue
» Moderate complexity |« CE vs IT issue
« Compatible to PC
AVS China EVD2 * High performance * Very large market
(Similar to H264) e China’s Standard
« moderate complexity |« Patent issue

WMV9 & AVS: Low complexity + Comparable performance to H.264
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Reference S/W
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