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JPEG
A
/ \
. common code words >
e.g., DCT: shorter symbols
spatial - frequency Huffman, arithmetic coding

Frames of
Digi '

Bit Stream

predict current Quantization changes representation
size for each symbol

frame from previous ->adjust rate/quality trade-off

Run-length encoding:
long runs of zeros - run-length symbol /

N —

MPEG, H.26x
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€ JPEG (Joint Photographic Expert Group, 1986)
Joint committee between ISO/IEC JTC1l and ITU-T

ISO/IEC Joint Technical Committee 1, Subcommittee 29,
Working Group 1 (ISO/IEC JTC 1/SC 29/WG 1) - Coding of

still pictures.

€ MPEG (Moving Pictures Experts, 1988)

ISO/IEC JTC1/SC29 WG11 - Coding of moving pictures and
audio (ISO/IEC Joint Technical Committee 1, Subcommittee

29, Working Group 11).
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€ |SO/IEC MPEG (Moving Pictures Experts, 1988)

ISO/IEC JTC1/SC29 WG11 — Coding of moving pictures and
audio (ISO/IEC Joint Technical Committee 1, Subcommittee
29, Working Group 11).

€ |TU-T VCEG (Video Coding Experts Group)

(ITU-T SG16/Q6 = International Telecommunications Union
— Telecommunications Standardization Sector (ITU-T, a
United Nations Organization, formerly CCITT), Study Group
16, Working Party 3, Question 6)
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€ VT (Joint Video Team, 2001)

Joint project between ITU-T SG16/Q.6 (Study Group 16 / Question
6) — VCEG (Video Coding Experts Group) and ISO/IEC
JTC1/SC29/WG11 — MPEG.

€ JCT-VC (Joint Collaborative Team on Video Coding, 2010)

A group of video coding experts from ITU-T Study Group 16
(VCEG) and ISO/IEC JTC 1/SC 29/WG 11 (MPEG)

It was created to develop High Efficiency Video Coding.

€ JVET (Joint Video Experts Team, 2017)

A new group between VCEG (Q6/16) and ISO/IEC JTC1
SC29/WG11 (MPEG)

to develop Versatile Video Codec (VVC)
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History of international video coding standardization (1985 ~ 2020)

Computer MPEG-4
Visual
MPEG-1
SD

H.262/13318-2 | H-264 L ;?:496-10
(1994/95-1998+) HEVC we

(2003-2018+) (2013-2018+) (2020-...)
(MPEG-2) (Advanced Video Coding (High Efficiency Video (Versatile Video Coding
developed by JVT) Coding developed by to be developed
Videotelephony JCTVE) by JVET)
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http://www.pcs2018.com/uploads/1/1/0/0/110091239/pcs2018_vvc_overview 06 26.pdf Retrieved:201810
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Compression

100 |- Ratio HEVC/20%?
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20 Computation
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® MPEG-1: 7fEVCDH#kH, HAHMPEG

-1 Layer3f#FXMP3.

®MPEG-2: | R EMM. SHAMEE ML . i H T L
AL AR -ATSC. DVBLLAZISDB. ¥ T EEM. B asH

MUE S, BUEDVDILBUL AR AR T

O MPEG-3: A& HIc 2 NHDTVELT, BEE RILMPEG-2C 2

HDTVMN F, #MPEG-3FIHF A& A8 5 1k,

O MPEG-4: " FEMPEG-1. MPEG-2%5F5#E LSz FF A0 4/ 25 Si4)
- (video/audio "objects") gwfih. 3DNE . fRALTTH JwhY

(low bitrate encoding) FAEUAD AL & B .

O MPEG-7: MPEG-7TH A% — MM E4abnitE, B — 128

PR Y7 BB ARE -
®MPEG-21: MPEG-21# N IE7E il 2 it

AN, ERH

Pse NARRZ AR RN SR IR — A58 BRI 6
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MPEG & K H € X | =Fh El1A -

& i N B4 (intrapictures)

& 1 & 1% P(predicted pictures)

& iHxd CRUa MDD E14B(bidirectionally interpolated)
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® GOP->Picture =>Slice >Macroblock = Block

- Wideo Sequence »|
le—— Giroup of Pictures
- OO LIE O 0 I:I Ny
Ficfure Slock

Slice Macroblock
*—‘./ pixels
:

xels
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& /5 %1 AE (absolute difference) /s

15 15

AE=Y">|fG, )~ g(i~d,, j~d,)

i=0 j=0

@ 1277 % ZMSE(mean-square error) />

@ -5 48 5%+ i 2= MAD(mean of the absolute frame difference)#x />
MAD——ZZ\W j)-g(i-d, j-d,)

i<t i)

dxAldy 737l 7e 2 7% ZZIMRIF R 3 2k =d(dx, dy)EXAY T H_ERYR =
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& 75 2 X 48 Z (Exhaustive Search)

& = D182 5 (three-step search)

& _4EXH A% 227 (2D-logarithmic search)
® orthogonal search algorithm (OSA)

& 57 1518 & 7% (conjugate search) o
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€ GOP(Group Of Picture)
I, P, B

X LU
JPEG: DCT->Huffman=>RLE
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€ Temporal
Prediction

@ Spatial
Transform: DCT/Wavelet

€ Entropy
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@ H.264,2 I TU-TLLH. 26X 22 41| )y 44 P 42 AR E L —
[5] B;F AVCHEISO/IEC MPEG— /7 HIFRIFE

@ XA HRUEIR T IR 2 AH.264/AVC (B
AVC/H.264 8¢ H.264/MPEG-4 AVC or MPEG-

4/H.264 AV C) i BR fif it 15 BH & 7 T T R 4
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1st
6 MPEG-2 Encoder
2nd Seneration
Encoder
5
3 Generation
4 Encoder MPEG-2
— WP E 5 -4
- y ——H.26L
N eneration
= Encoder H.263
o 3 Eh Generation
= Encoder
2
1
H.264 |
MPEG-4 part 10
0 T T T T T T T T T T T

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
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FEER H.264 MPEG-2 MPEG-4

il PR o AxAREL O, 16x16 | X ¥
R FL 4 BERETD

o ) 4 S16x 16 RR7HER, | LI 16 16@FERHEM | LI 16x 16 F0 8= B @ %
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MO H.26447152%

.| Coder
Control
T Control
I 2 " Data \
o—D ,| Transform/ Quant. \
U - - \
y gl Scal./Quant. I Transf. coeffs \
Split into r_l?_e_c_(zgl_e_r__i____;____* Scaling & Inv.
Macroblocks ! ! Transform
16x16 pixels L : :/"\ Entropy
E | N Coding
E : De-blocking
i Intra-frame Filter
! Prediction
v ' Output
\04— Motion- Video
Intra/Inter Complensatlon Signal
: I ‘Motion
v "Data
.| Motion )
Estimation
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€ Motion Compensation
VAR FHE e sh vt
TR R /INAS R AT UL BD
A A5 5 7] 2 2 il

@ Intra-frame Prediction

AILFEOFPA X A= FE S TR . 4Fh16 X 1677 5 S (1 T i A4
i B I 7R T

@ De-blocking Filter

DT 1B B AME R I A
@ Transform/Scal./Quant.
@ Entropy Coding
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|y ¥ »Data
a .| Transform/ ot \
b "| Scal./Quant. Jrant. \
- . Qu. Transf. coeffs
L Decoder 1 | :
Split into N A SN Scaling & Inv.
Macroblocks ! ! Transform
16x16 pixels l i | A T —
i : N Coding
i ’ 16x16 16x8 8x16 8x8
! Intra-frame MB 0 ol 1
: Prediction Types | O ol 1 ;
' ; 1
\04— Motion- o
Intra/Inter ©OMPeNSation 8x8 8())(4 4x8 §x41
i &8 | o 0| 1
v  Types 1 2
.| Motion Motion vector accuracy 1/4 (6-tap filter)

M’ Motion Compensation Accuracy

"| Estimation |




MC BERK/

A RS AN R RN AR B 2% R 347
ERETERIAME, MR 1 Xtis
Z R EAh TR

Mode 1 Mode 2 Mode 3 Mode 4
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i 1] I
] 0 |
| 2 3
Mode 5 Mode & Mode 7
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16x16
Mac

rob

8x16
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]
oCinter pred
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8x8 4x8 . Px ——434
Sub- Macroblock partitions fointer prediction

16x16

Macrobl

ock partition

8x8 A3
ransform blocks

8x8 A/ ——
s fordntra prediction

o BB TIE— B )R,

T R AN R R U /N ER
XFANFIRANEIR (HRIETT
20 /BT iE 2 il vr Al
#MZ, e/ XtiashR
E%WH’J* JZ o
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M- Why different partition sizes?

€ MVs are expensive

€ Smooth area
1 =>large partition

@ Detailed area
1 - small partition
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@ >-pel pixel grid values
are interpolated using a
separable 6-tap filter

@ Y4-pel pixel grid
values are interpolated

= b ekl B B ysing the average of two
S A € S e Fa i = 15-pel pixels
iy [ 1 ol o+ 16 ) e Kl -
] i[e]i [n] (7] [2]
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M’ Intra Prediction

,| Coder
Control
IR
,| Transform/
Scal./Quant. _I
. Decoder : :
Splitinto I L--;-___+ Scallr}g
Macroblocks ! ! Transfor,
16x16 pixels I : A
*— ! >
: ! \f
| ! De-blo
i Intra-frame Filter
: Prediction
\04— Motion-
Intra/Inter Complensatlon
v I
_| Motion )
"| Estimation |

= Directional spatial prediction
(9 types for luma, 1 chroma)

OQOABCDETFGH
Ila b c d
Jle £ gh
Kli j§ k 1
Limnop

M

N

o)

P

e e.g., Mode 3:

diagonal down/right prediction
a, f, k, p are predicted by
A+2Q+1+2)>>2
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M Transform Coding

= 4x4 Block Integer Transform

1 1
2 1
1 -1
1 -2

H=

1 1
-1 2
-1 1

2 -1

= Main Profile: Adaptive Block Size
Transform (8x4,4x8,8x8)

» Repeated transform of DC coeffs
for 8x8 chroma and 16x16 Intra

luma blocks

Scaling & Inv.
Transform

A

D

:\f

De-blocking
Filter

R Coder
Control Control
|y @ »Data
o—D Transform/ R \
: \
N Scal./Quant. Juant. \
- Q Transf. coeffs,

Entropy
Coding

Output
Video

Signal

‘Motion

49
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Transform Coding

’
M seocTaem, mamismss

Intra_16X16/ 7=, BT 16(4x4) MAxARI T M DCTA i, 5 3)161DC A& %L
4T 4x4 1 Hadamard 253, SR 5 516N DC R F1240 M AC A BHAT AL -

Sx8 B (i, mifa]) , #HAT4Ax4KIDCTA# )5, ﬁéM/\Dc%nesoAAc
28, FFESTT DC AR ESL I T2x2 [ Hadamard 28 8 5, 43 R XTDCHIAC £ %

#HATEA
Tradomerd T2l [ DC 25
“ i) "‘ B [

Tuma DC 1‘
Ptra_l6x16 Tuma f iy 1] 4 &L DCT AC 25 >

T (4xd) | 7] ik

A, Hadamard 254§ | DC &5 ..
> (252) 21k > o
; . . chroma D, T
Basic syntax & processing unit | s<cwom [FrmERDCTLL AC 25K .
contains 16x16 luma samples ER (4xd) Bl
and 2 x 8x8 chroma samples e ﬁi Ao B DCT | [ AC 2% .
R (4x4) &1k

50
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=1=
HA

H.264 5 ZH e E FIQPH
KERS1, BEQPHIRKA
ER39. QPR EWLSH,
REWSKNFS, QPE
Whne, Qstepiin—»%.

R AR FEL N FQ = round(y/Que,)e FLH, yRHIAREA ST, Quopt
bk, FQAYMRLE. MR EEEN: v =FQ Qu.

QP Qstep QP Qstep QP Qstep QP Qstep QP Qstep
0 0.625 12 2.5 24 10 36 40 48 160
1 0.6875 13 275 25 11 37 44 49 176
2 0.8125 14 3.25 26 13 38 52 50 208
3 0.875 IS 3.5 27 14 39 56 51 224
4 1 16 4 28 16 40 64
5 1.125 17 4.5 29 18 41 72
6 1.25 18 D 30 20 42 80
7 &7 19 35 31 22 43 88
8 1.625 20 6.5 32 26 44 104
9 175 21 7 33 28 45 112
10 2 22 8 34 32 46 128
11 205 23 9 35 36 47 144

H.264E LM 152200 K= A4S, 1TH.263 051 R 314 .
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(__ PF )
Z = round W ‘
.1 Ostep |
O\
[ & (0,0), (2.0, (0.2) 2% (2.2)
PF=<b"/4 (LD). (1.3). (3.0) 5% (3.3)
\ab/2 HeE AN O

SEFRDCT 41 H W=CXCT

%cos(ﬂ) —cos(0) ;CDS(G) %cos(ﬂ) '
1 13 15 1 x|
1'u||2 r:c:-s(:) 1'|.|'|2 cos( ;I} 11.'|I7 cos( ST) 1||'2 cos( ST) -
“12 ' - I_H L |
hllll CDS(%) 1lIII|I% Cﬂs{%j ‘uﬂ% CDS(]-{;E) 1l.||||l ng{%)
M 3z, 1o, 1 15n. 1 21x |
3T ) 0 55
Liaz%, b=1\||'licos(j;)xbfw .u' coa( T;
a a a a
(-|® ¢ —c b ¥=(E,XC QE,
e =g 2w @
e =2 B g 1111
|_| > A2 1 =l =2
I =1 =1 1
%t4 X 4ADCTH AR, 1 -2 2 -1
e sV L SIS NIV

» ab 5, ab

a — a —

= . ) 2
1 2 1 1 ab 8 ab B
x(! 171 72]g| 2 402 4
i 2% =T 2 g2 9 . ab
1 -2 1 -1} 2 -
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FO = round| —

QO =roun [:52}3

4

Labﬁ?

v

e = . |
H e

[ a? (0,0),(2,0),(0,2) 2k (2,2)
PF=.b"/4 (L1),(1.3), (3,1) 1 (3,3)

i
%

Z, = r::wnd\ 158

MF = FE oo

Ostep

VVV

% : gbits = 15 + floor(QP/6)

i

o= m?mn’(
\

TR0 2 Y [E] AL R

MC meeivtizmgs

H.264 5 ZH E = E FIQPH
KERS51, BEQPHRK
ER39. QPR ENSH,
rEUMSKKFS, QPE
Whne, Qstepiin—1%.

BENSEANBYIEH, BREHERE

FARI
Slgn{z,-j) = s1gn (W)

=>qbits

AN

PF | F BT RIQP (E A
. | o0 sis MR G
{gls“nggj / L E (0, 0), (2, 0), | (1, 1), (1, 3), |HEH
ot , =
QP ~__ | 2 2) (0, 2) £3; 1);:¢3; 3) M E
0 13107 5243 8066
1 11916 4660 7490
) 10082 4194 6554
3 9362 3647 5825
4 8192 3355 5243
5 7282 2893 4559
™
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i bits
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M BHTHMN=L

@® Transform

H.264/MPEG-4 AVC/# HI#EiDCTAX4%8#t; TTMPEG-2
FMPEG-4/§ F 7% S DCT8X8Ar ¥t , BE /Ny b T Hesk
NATEH 2 )N IR . B AEHEEE T EMPEG-24]
MPEG-4H 4T 7% i R 50 F A 5 2 RS B4 2k

€ Quantization

e T2 K =AY, TTTH.263b5#E R 49 314%

=P K PL12.5%% 3, gﬁcmﬁ«a

R4 RAS 1599

weAeE B 0GR AT I, AE R R AR RE

ZNAE B A

& Transformf1Quantization & 1 [a] &b L (1)
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M Multiple Reference Frames

Coder
Control

Control
|y @ »Data
any .| Transform/ p
< g "| Quantizer Quant \
— Transf. coeffs‘
Decoder : Deg./Inv.
roTTTTTTs @777 Transform
— ‘
| O :
v Motion-
\04—- Compensated
Intra/Inter | Predictor .
i | Multlple Reference Frames for
v
[ Motion Motion Compensation
Estimator
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Multiple Reference Frames and
Generalized Bi-Predictive Frames

5?3:0

—"‘/-r'

& A
A=3 A=1 ///////
//// = Known dependencies (MPEG-1, MPEG-2, etc.)

4 Prior Decoded Pictures Current

as Reference Picture I‘ P P P P
#I - B EEEE—
B|B B|B B‘B B‘B‘

= New types of dependencies:
« Referencing order and display order are decoupled
- Referencing ability and picture type are decoupled

I P B B p
I = ‘W
B|B B‘B‘ B‘P‘ B‘B‘




M’ Residual Coding & b

= Residual coding is
Coder
i based on 4x4 blocks
JEE —— = Integer Transform
| Ea Transform*™——__| Qltant |
- Qulantlzler I Transf. coeffs,
Decoder : Deq./Inv.
[T "~ ® 77" Transform
| | A Entropy
! i | A Coding
1 Qe L A4 N
v Motion- N\
\04—- Compensated
Intra/Inter | Predictor
E I ‘Motion
v ‘Data
| Motion
Estimator
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M EIRZRLE R 2% (Deblocking filter)

& 5 R i T AHRE 22 B AN E] B iz s Al T B A AT 2
[N TIRTE

I Whether or not to filter a particular block boundary
I Whether to apply strong or normal deblocking




M’ Entropy Coding

.| Coder
Clontrol Control
: i P T T T TTTTTTTTTTTI TS »Data
a .| Transform/ - "
v | Scal./Quant. Juant. \
|- S Transf. coeffs,
L Decoder 1 |
Split into I ﬂ.___‘____* Inv. S:c:al. &
Macroblocks ! ! Transform
16x16 pixels ! : : A
| i '\f
i : De-blocking
| oo Intra-frame Filter
! Prediction 1
v ; N Output
\04— Motion- N Video
Intra/Inter Complensatlon Signal
: I ‘Motion
y ‘Data
_| Motion )
"| Estimation |
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MC ladmbg Ryt

€ VLC(Variable Length Coding)

Huffman Coding
Golomb Coding

®CAVLC
Context-Adaptive Variable Length Coding

€ CABAC
Context-Adaptive Binary Arithmetic Coding
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M/’ Context-Adaptive

€ In H.264, all symbols are encoded in a context, and the
probabilities of each symbol adapt to the context in which they are
coded.

OGN, fETCPFEE “CuTH BRI E3%, [HEHHT— T
BEg “o’BImHE,  “u”HILEINEER T2 100%

@®H.264 and AIC use several contexts. The probability of a DCT
coefficient being O is greater for coefficients in the lower right

corner of the 8x8 coefficient matrix as for coefficients in the upper
left corner.

€ CAVLC 5 CABACHE #E AH IE B )1 i AT 2 B B 1) 2
® CABACLYCAVLCIE Y5 E 5, (HEE J—Lt
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M H2648REz= TR TNEE S
— B 26400 AL A L L G MPEG-2 0+ 2 (5[ 22 R ?]

@ The intent of the H.264/AVC project was to create a
standard capable of providing good video quality at
substantially lower bit rates than previous standards (i.e., half
or less the bit rate of MPEG-2, H.263, or MPEG-4 Part 2),
without increasing the complexity of design so much that it
would be impractical or excessively expensive to implement.

@ Loop filtering (33%) and interpolation (25%) are the largest
components, followed by bitstream parsing and entropy
decoding (13%), and inverse transforms and reconstruction
(13%).
Comparison 1s based on two similarly optimized “C” only decoder
Implementations running on a 600-MHz P3 PC.
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M Bit-rate saving

Test Results for Streaming Application

Tempete CIF 15Hz

Average bit-rate savings relative to:

o @
5 3
® X

Coder MPEG-4 ASP | H.263 HLP | MPEG-2

40%

30%

H.264/AVC MP 37.44% 47.58% 63.57%

20%

Rate saving relative to MPEG-2

MPEG-4 ASP - 16.65% 42.95%

xample Streaming Test Resuit

H.263 HLP _ _

2 30 32 34 36 38 30.61%
Y-PSNR [dB]
Tempete CIF 15Hz
Name Resolution | Duration | Characteristics 38 T T T T : :
Foreman QCIF 10 sec. Fast camera and content motion with pan at the E A e )~ G e :_ =
end 6 T T T T T T T AT T A
Container Ship QCIF 10 sec. Still camera on slow moving scene 3B F-—=-
News QCIF 10 sec. Still camera on human subjects with synthetic 34 - E J |t
background ) B r-— Tz AT
Tempete QCIF 8.67 sec. | Camera zoom; spatial detail; fast random motion R 3 e e g e
m 31 R A Sy SR SR U S S R R P
=
Bus CIF 5 sec. Fast translational motion and camera panning; 2 0 F-—-FA-HS M - - — o —— = ——
moderate spatial detail > 29 L
Flower Garden CIF 8.33 sec. | Slow and steady camera panning over L N I G A R L D - MPEG-2
landscape; spatial and color detail : —+H.263 HLP
21 Faff -t '
Mobile & Calendar | CIF 8.33 sec. | Slow panning and zooming; complex motion; | ! —~+—MPEG-4 ASP
high spatial and color detail 26 | -=—H.264/AVC MP
B R e e T i
Tempete CIF 8.67 sec. | Camera zoom; spatial detail; fast random motion ;j | | | | c: Test PCliIntS

Test Set for Streaming Applications °

512

768 1024
Bit-rate [kbit/s]

1280 1536 1792



MC MG H2640=

®iz3i (BRI
1A% Z K FE i sl bt
THP /AR B et 47 UL
%ﬁ%ﬁ@%ﬁﬁ%m
@ iy TN CZRETLAD
F AR I B 2 [a] B AE et
O S HUNIIRIE B, B ST D
@ 78] 35 B AR 35 ) AR
DCT > 4 X 4FEH A5
52 b K EA S, AP K LL12.5%18
M AN B AL Py R Ak 2
@ iy
CAVLC/CABAC
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M %FE: AVS http://www.avs.org.cn/l

L

¢ AVSJe B B ER1E ) SR DT R PRE, T
SN L S TS
AV/Shr i LAV CHE S Ay il 5iR U R AL

G 780558 T SEIM BE . F R A
8 X 8 HEH AR 5642 = Ak,
o JSE AT CEL B ot PN T #8 2 LA8 X 8k Ny FLAE, S EEHCR HIS
PP =, 8 B BRCR A 4 Tt A =X
16X 16+ 16X8. 8X 16F18X 8 4Fhka R 111z B M,

EUAR RIs NG5, KA R U 3 Sk g i A 2 A T
ERAMEMUYAZRRIHE;

PWTU?’F’JH%E% 2T HT 225, T BIWCR H B S 25—

I/ )\0

20164E5H17H, FESE —ARETANANGR AL bR AEAVS2 004G AT #E AT M bR 1 ,
AVS2 bR A5UAT Bk i 26 B B A ATRE AR AN 72 M 1E 3G N B = v RN v R GER EAR
o MRAE E S E AR SR T R AR B AT B AR I, AVS24mAS AR L F
—ARFRBEAVSHE 5 | — UL b, R 4 2505 ik T [ B fEHEVC(H. 265) .
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@® 2.5 WLE L 45 ) B
A A g e b s I AE 28 5 bR v TR A
MPEG-1(1993) & MPEG-2/H.262(1996) 4147
MPEG-4 AVC/H.264(2003) 4% 45itn 1
H.264 2 i AE LN ik
H. 264040 9 A5 4 52 AR 13T 55
H.264/~ [F] Profile 1 4 /i fai /)

HEVC(2013) 4% 45k i

€ 2.6 7R [F] 37 F 3% 5 Ho A 1 B A8
BT B R gt A MPEG-4(1999)
P 5T B AT 4 T & H.264 SVC
EZW R T
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M H.26489 =%k Profile

& A [A] 1) B & (profile) B 2% AN F

YaPelMC  Diff. Block Sizes \ ©
Multiple Ref. Frames CAVLC |

Red. Pictures
Features

FMO, AMO, SP/SI, Data partition
Picture source: http://nsl.cs.sfu.Ca/teaching/639/820/H.264.pptx



M H.264 Slice(#n) A

Slice Type Description Profile(s)
I Contains only | macroblocks (each block or MB is All
(Intra) predicted from previously coded data within the
same slice).
P Contains P macroblocks (each MB or MB partitionis All
(Predicted) predicted from one list O reference picture) and/or |
MBs.
B Contains B macroblocks (each MB or MB partition  Extended
(Bi-predictive) is predicted from a list 0 and/or a list 1 reference and Main
picture) and/or I macroblocks.
SP Facilitates switching between coded streams; Extended
(Switching P)  contains P and/or | macroblocks.
SI Facilitates switching between coded streams; Extended
(Switching I)  contains SI macroblocks (a special type of intra
coded MB).

FEA AN FEZ 25 Wl 15 O T B A AL ] Y P R ot



M. ETFSP(Switching P)Mii g7 113k

N3 R ISR RO B E] — SR 81, IR RS IR o0
KK AT LRGE Z AN, SRR BT A 50 e Uk 21 e vy ot

N N D P N
Bitstream 2 |p, IR JISP, 5P na1 P2, ne2
S~ Ol el T
\ Primary
SP ., | SP-frame
/ \ Secondary
\ \ \ \ \ SP-frame

I:)1, n+2

V
-U
[N
5
+
[N

£
/ ;
/

Bitstream 1 |P1, n-2 SIP1n1 >SP1, n

I

/

5



ME wontss

SP(Switching P)FASI(Switching 1)

CJZ3
J /L

BER SRl P ANEAR AR — MBS, 102 BLA R A

EESHE T
\

Bitstream2 p

> I:)2, n-1

S

I

Bitstream 1

I

P
~

S

> PZ, n+1

vy

P
~

7

S

PZ, n+2

Vd

//\\

S

> Pl, n+1

y

I

/

Pl, n+2

I
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> D Dy e D
P1 s 5IP1, n-2 5IP1, -1 5S1n 5IP1 e
N ] N
\ D/
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I
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M/’ Data Partitioning

# Since some coded information for representation of
each region (e.g., motion vectors and other prediction
Information) i1s more important or more valuable than
other information for purposes of representing the video
content, H.264/AVC allows the syntax of each slice to be
separated into up to three different partitions for
transmission, depending on a categorization of syntax

elements.
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M ASO(Arbitrary Slice Order)

e Yideo Sequence »
la—— Group of Pictures —m

Block
Picture ,f

Slice Macroblock 5
_—+q‘./' pixels

IMRAMEHASO, TB4slice s &z 473 bixeis
N7 S i G RAE A 7T ASO,
58 Ja W slice r] LLSE T Hi T (I slice gw fiE g .

SIick #)
Asslice is a data structure that can be
decoded independently from other slices of Sliok Bl
the same picture, in terms of entropy coding,
signal prediction, and residual signal STToE T
reconstruction. -




M FMO(Flexible Macroblock Ordering)

& FMOmLET . (macroblock to slice group map) ¥k B k&4
F Y@ T slice groups, ARt E X T 6 b5

Foreground and

Interleaved Dispersed Background
0 01 230123012
1 230123012230 3
2 01230123012 0
0 23012301230
1 01230123012 1
2 230123012230
0 012301223012
1 230123012230 2
2 01 230123012
Box-out Raster Wipe
1 0 0
— = pa—




M Ihg5: H.264 profile

ASO(Arbitrary Slice Order)

' - Baseline Profil
FMO(Flexible Macroblock Ordering) Ma:ienlgiofirlz e
Switching P Slice _
Switching I Slice Extended Profile

Data Partitioning

Extended
SI/SP Slices

. Main

Base ;
FMO &k Shoos - BSlices
1/s Pel Mc  Diff. Block Sizes o, d."'
' . Weighte
Rl Multiple Ref. Frames CAVLC ) g

Features | Prediction .' CABAC

In-Loop Deb. Fllter
Intra Prediction -~

Data Partitioning

ASO Field Codlng

MB-AFF




MO g

@ Temporal ?
Prediction
@ Spatial ?
Transform
iy PN 20
€ Entropy?

H.264 4R35 R E RIY

H.265/HEVC (High Efficiency Video Coding)
A% e T TR DA% 4 () VS vt b HE 2
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PAT 2 e i 2 I HE 2R S AR v fRT /1
MPEG-1(1993) & MPEG-2/H.262(1996) 4} ik i
MPEG-4 AVC/H.264(2003) 4% 55t
HEVC(2013) 4% 45k i
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MPEG-4(1999)
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& 2.5 I 48 10 1 B s v
R0 G e i 28 T AE ZR 55 b v 1T A
MPEG-1(1993) & MPEG-2/H.262(1996) 1 i 1
MPEG-4 AVC/H.264(2003) 4% 55t
HEVC(2013) 4% Siibn 1
HEVC(H.265)/ A 175 5t: AKEHACK IR
HEVCHYE B 5 il h AR ZE LA
Quadtree-based coding structure
Deblocking & SAO Filter
HEVC % i ia B ‘
€ 2.6 ANFEIN A T H AN g S E A8
BTN R 95 EAE:  MPEG-4(1999)
PG i Al R 46 1% & H.264 SVC
EZVWE T
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MCE

4320

2160

1080

576
or 480 SD

s NHK AN ZRALGE 2R SEilak il 1 1) 5
FERE BE 5 B T T R e R

we T20p
= 1080p
= 2160p ("4K")
w 4320p ("8K")

Display size / viewing distance

Viewing distance (feet)

10 20 30 40 50 60 70 80 90 100 110
Display size (diagonal measurement, inches)

http://blog.csdn.net/yangxiao_xiang/article/details/8630660
http://flowingdata.com/2009/09/23/tv-size-over-the-past-8-years/ 86
http://en.wikipedia.org/wiki/UHDTV

HEVC(H.265) =4 fE=: 4KH
UHDTYV (Ultra high definition television)

T KR

Television Size Over the Years

2002 MEDIAN SIZE:
34 inches
2003 MEDIAN SIZE:
2004 MEDIAN SIZE: The higgest size jump
6 was in between 2003
* 4 and 2004.
o 20 30 40 50 G0 voo Bo
2005 MEDIAN SIZE: But excitement died
2 down after initial
’ 4 excitement?
10 20 30 40 50 60 vo 80
2006 MEDIAN SIZE:
42
o 20 30 40 50 60 7o 80
2007 ' MEDIAN SIZE:
o 20 30 40 50 a0 7o 80
2008 MEDIAN SIZE:
o 20 30 40 50 60 7o 80
2009 MEDIAN SIZE: It seems to have been
6 mostly a price game
4 the past three years.

Wwoooo 30 40 50 60 7o Bo




M. ITU-R BTZ%F)3E 13

http://www.itu.int/rec/R-REC-BT.2020/, 2012-08

BT.2020: Parameter values for ultra-high definition television systems for
production and international programme exchange

hdks e A EINI0E1200Hr  (RbE/HEZLME)

BRE: KX EH 7680 X 4320 3840 X 2160

http://www.itu.int/rec/R-REC-BT.709/, 1990

BT.709: Parameter values for the HDTV standards for production and international
programme exchange

Fhdkg I B =8E 10y

BRE: KX EH 1920 X 1035 1920 X 1152

http://www.itu.int/rec/R-REC-BT.709/, 1982

BT.601: Studio encoding parameters of digital television for standard 4:3 and wide
screen 16:9 aspect ratios

g 2 B m N8EL 10 Ly

BREC KX EEH 720 X 480
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Rec. 2020 (UHDTV)
Color Space

MCE

UHDTVZCIE1931/Y75. 8%

ARG EHLZS3. 6%
HDTV 2 35.9%

0.9r - - - - - - . - - . - - . -
520 UHDTV ..........

0.8

0.7

0.6

500

0.5

0.4

0.3

0.2

0.1

88

I IR O N VR N

T Y V- e )

O = b w R e N o®w

FIGURE 24

Colour distribution of objects on the x-y chromaticity coordinates
(Inner triangle: HDTV primaries, Outer triangle: UHDTV primaries)

(SR S R N V- )

X
(a) Carnation

0: F 2 33 & 5% 6 LT o8

O = 0w B

o N »

0 1 2 3 4 56 T 8
X
(b) Geranium and marigold

0: =1 2 3 & 56 T a8

¢) Sunflower

(=R R P - e )

0: 6 23 4 5 6 T 18
X

(d) Butterfly

01 23 45 6
X
(e) Model car

7

0: ;1 52 3 @ 5 6 28
X
(f) Stained glass
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ITU-T H.265

TELECOMMUNICATION (04/2013)
STANDARDIZATION SECTOR
OF TU

SERIES H: AUDIOVISUAL AND MULTIMEDIA SYSTEMS

Infrastructure of audiovisual services — Coding of moving
video

— — =
Sy =

High efficiency video coding

Recommendation ITU-T H.265

HEVC encoders can achieve equivalent
subjective reproduction quality as encoders
that conform to H.264/MPEG-4 AVC when
using approximately 50% less bit

rate on average.

Overall the complexity of HEVVC decoders
does not appear to be significantly different
from that of H.264/AVC decoders. HEVC
encoders are expected to be several times
more complex than H.264/AVC encoders, and
a subject of research in years to come.
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M’ HEVCHIME&E

» MP: Main Profile
» HP: High Profile

» ASP: Advanced Simple ProfiFen

AVERAGE BIT-RATE SAVINGS FOR EQUAL PSNR FOR
ENTERTAINMENT APPLICATIONS

Bit-Rate Savings Relative to

Encoding H.264/MPEG-4 | MPEG-4 | H.263 | MPEG-2/

AVC HP ASP | HLP |H.262 MP
HEVC MP 35.4% 63.7% |65.1%| 70.8%
H.264/MPEG-4 AVC HP - 44.5% [46.6% | 55.4%
MPEG-4 ASP — - 39% | 19.7%
H.263 HLP — - - 16.2%

AVERAGE BIT-RATE SAVINGS FOR EQUAL PSNR FOR

INTERACTIVE APPLICATIONS

Bit-Rate Savings Relative to

» HLP: High Latency Profile gevc mp

coding H.264/MPEG-4 | H.263 | MPEG-4 | MPEG-2
AVCHP | CHC | ASP |H.262 MP
40.3% 67.9% | 723% | 80.1%
H.264/MPEG-4 AVC HP _ 46.8% | 54.1% | 67.0%
H.263 CHC _ — | 132% | 37.4%
MPEG-4 ASP _ _ _ 27.8%




M H.2644m1Ez5HEZR Review

.| Coder
Control
T Control
Ly r " Data \
o—D ,| Transform/ Quant. | \
Y- Scal./Quant. I Transf. coeffs
e Decoder | | :
Splitinto It N S _?callr}g & Inv.
Macroblocks : ! ranstorm
16x16 pixels . : : A Entopy
E : N Coding
E ! De-blocking
E Intra-frame Filter
: Prediction
v : Output
\04_ Motion- Video |
Intra/Inter COMPENSation Signal
i I ‘Motion
v ‘Data
| Motion )
Estimation
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M HEVC(H.265)4=H5 25

Input
Video
Signal

Splitinto CTUs

DB OE/ U ES

510

EES

| * Conirol > General HEVCE 475 5
ontro \
i ; | Data %%FHTH-ZGI
Transform, . PLREITE &R
y g Scaling& : Quantized
Quantization Scaling & Transform
__________ e Inverse Coefficients
| P Transform
*— i : > Coded
! ' ! Header Bitstream
i I v Intra Prediction/' FOE;”Aaég\rg & ——
1:,5.] : Intra-Picture Data
: Estimation \ J e
l - Filter Control
! | Analysis Filter Control
| i Data
! Intra-Picture . — s .
¥ & Prediction X * o 7|é$$,'{—:—'\ E ﬁﬁ_‘ﬂﬁ 5F§
! Deblocking & . .
.'\.L ' SAG Fiters | €Motion  / (Sample Adaptive Offset)
& @t Motion Data
Intra/Inter | Compensation ‘_| l outout
1 I - < ‘ > u pU
Selection . t_,/ o Vo
Motion " Decoded Signal
»  Estimation Picture
Buffer
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M HEFFIR)IEAYSCER

O KFESE, Hr— AU GmiSirE——HEVC, (FE
B K2 ) . 201346 H

@ IEEE Transactions on Circuit and System for Video
Technology, vol. 22, NO. 12, Dec 2012

Overview of the High Efficiency Video Coding (HEVC)
Standard

Sample Adaptive Offset in the HEVC Standard
Block Partitioning Structure in the HEVC Standard

Comparison of the Coding Efficiency of Video Coding
Standards—Including HEVVC

HEVC Complexity and Implementation Analysis
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NO

N10 N11 N12 13

M’ Quadtree-based coding structure

P R/ MH.26411)16x163 21| | 64x64

PU | PU

TU

TU

N20 N21 N22i N2

N31 N30 N32 N33

TU

TU

=

N10

N20

N30|N31

N32|N33

N22

N12

P

————————

_______

———————

_______

_______

A treeblock can be further split into smaller blocks recursively,
which leads to a quadtree based partition. As shown in Fig, NO is a
treeblock. It splits incrementally into N10 to N33 and generates a

guadtree. Each leaf (e.g., N13, N20, N32) of the quadtree is referred

to as a coding node, called a CU.




, RIENRAL S
MC CU. PU. TURIEMIES

@ In contrast to the fixed size 16 X 16 macroblock structure of
H.264/AVC, HEVC defines three different units according to

therr functionalities.

@ [FlIN, SR T HEINRIERRE LRSSm0, a8
FE4m AL B IG(CU, Coding Unit). Tl 8 55(PU, Predict Unit)
AR B 6 (TU, Transform Unit).

@ Hrhdmbl ool TH. 264/AVCE3 PSS, HT
A P RE, PR TR AT Wmﬁﬁﬁm,iﬁﬁm
mﬁﬁiﬁﬂg%mﬁﬁﬁm X=ANEIClIn E, 15
SR PN e SN AL AT B IN R TE, A AT S
Ry X 23 BE N ARF & A & %Eﬁéﬁﬁ%‘tﬁ ol i s M T
AL FE RS H B DI RE

Eﬁﬂﬁ
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Coding Tree Unit
’
MC Picture=>Slice >CTU - CU

A slice contains an integer multiple of CTU, which is an
analogous term to the macroblock in H.264/AVC. Inside a
slice, a raster scan method is used for processing the CTU.

64x64

32x32

(@) ®) " quadtree structure

Fig. 2. Example of CTU partitioning and processing order when size of
CTU 1s equal to 64 x 64 and minimum CU size is equal to 8 x 8. (a) CTU
partitioning. (b) Corresponding coding tree structure.
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M’ Prediction Unit

o —NmiLHRCUT] LA
o7 #1842 841 T
HPU.

« 5H.26425101, R4t
= E R

« Skip mode
« Intra mode
* Inter mode

» HEFFARXSFREIPU

)

Skip mode Intramode (square)

2Nx2N 2ZNX2N NxN

Inter mode (square and rectangular)

2Nx2N NxN 2NxN Nx2N
Inter mode (asymmetric)
2NxnU 2NxnD nLx2N nRx2N
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M. Transform Unit

1 depth=0
HPUZL—ACUA] 53]
7\714\&%}/{\TU0 0 1 o- o depth = 1
e H.264 0%\] depth=2
o STHFAXAFI8XS8ITU ()
o g [e) TR B B BT
8 X 85l 4= K 4 X 4
e H.265
o NPTl gwAY, AL

K/MRYEIE S AMETL K
ANFEAT B3 B Y T
o XTI GmAS, AR
/ ;E/J NAR 5 T PN T A 22 ) ®) ©
F

J A VA Y N
I@EJ&TT g lﬁ& EI(J Uﬁ% Fig. 6. Examples of transform tree and block partitioning. (a) Transform

. tree. (b) TU splitting for square-shaped PU. (c¢) TU splitting for rectangular
RQT(Residual Quad-tree Transform)  or asymmetric shaped PU.




M CUFIPURYX

—ANCU ] e ] i A,

SR (EHD

A AT (A
) ¥4y, KIHCUE

AT A A S
&, H.265t i
CUZrEI8TU, TUAI
PUFAN T ZE X 55,

CUs in red have RQT transform tree of depth
H.264FTUR/N N 1 (i.e. each TU spans more than 1 PU). CUs in
AX 4848 X8, TU blue and green have RQT transform tree of
&/NFPURY depths 2 and 3 respectively.
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M Mg Quadtree-based coding structure

€ CU. PU. TUS E R EAE i
CU, Coding Unit
PU, Predict Unit N10 @Nl@;mz A13( \‘\\
TU, Transform Unit N/ \

\ & TU | TU
\ \ TulTul/

O TU R/ H 3 b 1 52
RQT
Residual Quad-tree Transform

FE1EJ7 T8 X e A it
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/b )

M 25 22 GRAREE I 4 [ Prbs

& 2.5 FAE 2 ) [ B s v
PN e 2% I HE 28 S AR 1 T )
MPEG-1(1993) & MPEG-2/H.262(1996) 4} 55k i
MPEG-4 AVC/H.264(2003) 4% 55t
HEVC(2013) 4% Siibn 1
HEVC(H.265) = A 115 5:  4KBARIE
HEVC14: 885 9w it i Az ZERE R
Quadtree-based coding structure
Deblocking & SAO Filter
HEVC % i ia B ‘
€ 2.6 ANFEIN 375 B H A 2 05 A8
BT ER R gt EAE:  MPEG-4(1999)
FRAN G i m] A 26 14 & H.264 SVC
EZUN R T
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M’ Deblocking Filter

€ The HEVC deblocking filter is less complex as
compared to the H.264/AVC deblocking filter, while still
having the capability to improve the subjective and
objective quality.

@ Another aspect that received significant attention in the
HEVC deblocking filter design is its suitability for
parallel processing.
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M SAO: Sample Adaptive Offset

O K R EH E NS ( SAO) Jok B R A

O 45 BRI 1 2580 9 R AR 25 LA — A T B
B, IAFIRD K 2L H TR TR, T

Ny
{}lb o

H|

2

i: 3:':'

I

)

€ XHSAOJE, “F#n] LLF/b2%~6% A% i, Il gw bl 25

RS2 ) P B T HE DL I T Z02%
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M’ Two SAO types: EO, BO

€ SAO may use different offsets sample by sample in a
region depending on the sample classification, and SAO
parameters are adapted from region to region.

€ Two SAO types that can satisfy the requirements of low
complexity are adopted in HEVC: edge offset (EO) and
band offset (BO). For EO, the sample classification is
based on comparison between current samples and
neighboring samples. For BO, the sample classification
IS based on sample values.
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M- SAO: edge offset (EO)

Sample Classification Rules for Edge Offset

Condition

(¢ <a&&c=
(c>a&&c==b)l|[(c=a&&c>Db)

c<a&&c<b
=b) |[(c == a && ¢ < b)

cad&&c=Db
None of the above

Four 1-D directional patterns for Category
EO sample classification !
a a a 3
alc|b C C c 4
b b b 0
[ U e e e e e e .
: . Category | 5 Category 2 :
Positive offsets for EO '_“ET N A/ ?I :
categoriesland2and 2| - 'L .
negative offsets for '3 a o b 7 a o o |
EO Categories 3 and 4 : sample index sample index :
result in smoothing. i : T : / i
= e
) Saeered
| sample mdex I
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I ------------------ -‘
I -
: Categorv4d g
E 5 i
1°g S -
1 = = /£ 7T N 1
| £ i £ ; : i ..I
& ] I
1% a ¢ b A a 3
| sample ndex Sampla index !
1 o -
1.2 -
1S -
1w . |
15 g '
1 2 a ¢ b 1
| sample index :
L-------------------



M SAQ: band offset (BO)

band index = k+3

->Example of BO, where the
dotted curve is the original band index = k+2
samples and the solid curve is
the reconstructed samples.

band index = k+1

o band index = k
() e Example of sample distribution
number of samplein bands In a CTB, where BO send the
offsets of four consecutive bands.
s band oo S
LUl
signal four offsets from the -

minimum
first band
sample value samplevalue



M &5 Deblocking & SAO Filter

@ deblocking filter

less complex
suitable for parallel processing

€ SAQO: Sample Adaptive Offset
edge offset (EO)
band offset (BO)
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M 25 ZHAAREIE R EL

SRAR v

& 2.5 FAE 2 ) [ B s v
FAN G i 2 I HE SR 5 AR A ] /)
MPEG-1(1993) & MPEG-2/H.262(1996) 4} 55k i
MPEG-4 AVC/H.264(2003) 4% 55t
HEVC(2013) 4% Siibn 1
HEVC(H.265) = A 115 5:  4KBARIE
HEVC: g 55 g i i HE ZE AL IR
Quadtree-based coding structure
Deblocking & SAO Filter
HEVC % i ia B i ‘
€2.6 AEINHE s g E A8
BTN R 95 EAE:  MPEG-4(1999)
A G b o] {48 14 & H.264 SVC
EZUN R T
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[a]— M%fﬂTTﬂiﬂmTﬂw

Random Access (x86) Random Access (ARM)
S AO ﬁlter Rest Rest
4% 4% i SAO ﬁlter 2%
1\ Corei7 4% >~ ortex-A9

Deblocking

filter
14%

Inv. quant. Inv. quant. &

Intra prediction & transform Intra prediction transform
4% 4% 6% 4%
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M R ARERERRNEZE =
Cortex-A9 dual-core S [EI#L 55 F 5% b

Sequence MC QT PR ED DF SF
(%] (%] (%] (%] (%] %]

BasketballDrill QP=27 36 5 7 26 19 5
BasketballDrill QP=32 44 4 6 19 20 3
BQMall QP=27 46 4 5 23 16 3
BQMall QP=32 53 3 4 16 17 2
PartyScene QP=27 40 5 5 31 13 3
PartyScene QP=32 49 3 5 22 15 3
RaceHorses QP=27 35 4 7 30 16 5
RaceHorses QP=32 43 4 6 22 19 4
Average 43 4 6 24 17 4

MC: motion compensation. QT: inverse quantization and transform.
PR: intra prediction and picture construction process. ED: entropy
decoding. DF: deblocking filter. SF: sample-adaptive offset filter.
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M ihg5: HEVC(H.265) 8=

Input

Video
Signal

Splitinto CTUs

Quadtree—ba:
CU. PU. TU%

N

_| General Coder

» General
Control Control
T L]
: ; ! Data
Transform, =
Scaling & : Quantized
Quantization Scaling & Transform
' | . Inverse Coefficients
Transform \

Suitable for
parallel processing
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Coded
| Header Bitstream
i I 4 Intra Predlctlon FOE;”AEEK‘EJ& >
sed| Intra-Picture Data
=1 Estimation y
=l ; Filter Control
\ | Analysis Filter Control
\ i Data
[ Intra-Picture ‘
N Y *1  Prediction y * ' ,\\\ELr_'fﬁ%z SAO
! Deblocking &
;:::F ' SAC Filters | ¢ Motion 7 (Sample Adaptive Offset)
; Motion Data
» @4
Intra/inter | Compensation [+ 4 edge offset (EO)
i ' < : » Output
Selection ¢$'-’_’ﬁ; video Pand offset (BO)
Motion | Decoded Signal
»  Estimation Picture
Buffer
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M MPEG1/MPEG2->MPEG4

‘MPEG'].\ MPEG'Z\ H.261\ H.263
HT R, Ak, Fiit s

O MPEG-4: &3 TR 5 1) R 48 w5 R

A T NIRRT, IUE T EBRAE BRI AR,
MFEEE . &ﬂimﬁ%tlﬂi S'Z%%??ﬂmljﬂﬁﬂ‘ﬁiﬁlbﬁa,
S VANEE 2/ SuN EPSNIIPVARENE i Gt T B A iR
LR *ﬁ%’?&%ﬂfﬁﬁ‘ﬁi@iﬁi%o

O NFEENESIET AR
® Block based = Obeject based
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M MPEG-4
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MPEG-4 ™
ME zgzmiy Ll -

User

i_ -7 Interaction
il ra
-
L

—

-
.

® Compression Layer e

€ Synchronization Layer T
f 1 |

U

@ TransMux Layer 6 U -
Vi e [(mt

Upchanne] Compression

! - L o Information Laver
Obiect Scene v }
e Description Primitive
Descriptor Information AV Objects
[ Y L b 4 4 )
Elementary Streams Elementary Stream Interface

I_S_L_HSLHSL| |‘3L|Eg Eg Sync
' & . L A Eg I_.a}'er

SL-Packetized Streams

= " Stream Multiplex Interface

i i 7
FlexMux | FlexMux | FlexMux
k
Bk ¥

' " |r [T TransMux
22 [ e || s |[ o Lo
TS P ATM PSTN Mux
i 4 i TransMux Streams
L L '
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MC MPEG

@ partl (ISO/IEC 14496-1):

®part2(ISO/IEC 14496-2): MH: & X T WRLHAE B KR 4% -

@ part3(ISO/IEC 14496-3):
@ part4(ISO/IEC 14496-4):
@ part5(ISO/IEC 14496-5):
@ part6(ISO/IEC 14496-6):
@ part7(ISO/IEC 14496-7):
@ part8(ISO/IEC 14496-8):
@ part9(ISO/IEC 14496-9):

AR — R F AR ELE R

ARGt IR Y [F) 25 DA KGR & 5 3 (multiplexing) .

B ST RSB S S R AT g R AL A SR
B E ST AR AR R HEAT — BRI R .
ZHEHAF

2 WAL SR R AHE S

AR ZHE At

TEIP 45 A& % 8 LT EIPMI 2% FARIMPEG-4 M 251 7 Ko
SR

@ part10(ISO/IEC 14496-10): AVC, ITU-T H.264.,

@ part12(ISO/IEC 14496-12)

o BT ISOR BRI H% 3o

@ part13(ISO/IEC 14496-13): FNH = AUE B
@ part14(ISO/IEC 14496-14): MPEG-4(14#& 3.

@ part15(1SO/IEC 14496-15):
@ part16(1SO/IEC 14496-16):
@ part17(ISO/IEC 14496-17):
@ part18(ISO/IEC 14496-18):
@ part20(ISO/IEC 14496-20):
@ part21(ISO/IEC 14496-21):

AVC I

B HEHESRY .

[EEa NG =5 55

AR G AR A

fE B RN o

F T4 %: (Rendering) KIMPEG-J4f & .
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M MPEG-4%) 57

=Y AN

® X% (AVO, Audio Visual Object) Z&MPEG-4

NCFFEET WA ImbS i Se B BN . X RogfRTE
Iy R e U TR AT R A 5K

CAAR, R R 7 AT AR

Ja g, 123, Mj: PR 5 218 SO
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MPEG-2 H {5 i 1 A &

LEAN [A] AL AT 37 5%
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Previous frame

Current frame

Next frame
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fe «

+e
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(a)

Ld

‘ Block-]
. coding

ock-based |

[ MPEG-1and 2|

Previous frame __

(b)

— MV1

Potential Match 1

7
¥

k
i : ~~ MV2
Potential Match 2
(c)
‘uiDPl VOP2
J'r.l'

‘ Object (VOP)
| based coding

Block motion
estimation |
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__ Cwrrent frame

(d)

(2 s a1
( MPEG4 |

Object
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VOP1

VOP2

e

Block based
& Obeject based
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BT IR
¢C

Gl 2R R A
TR A PR
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MC

Audio Object

& Train to
G MPEG-4 0730
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M MPEG-4 Video Object

@ Instead of "frames”: Video Object Planes
€ Shape Adaptive DCT

Alpha map

Background
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M MPEG-4 Structure

€ D
AY objects
codec

Comp_ — BIFS

Info

enc.

enc.

B

%=

enc.

4

sync & multiplexer

AV obj
code

demultiplexer
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GOP - GOV
MPEG 4 — Structure and Syntax

MC

VS:... VS,
VideoSession (VS) Vs, Vs,
- — |
a SN V0,...VO
: 2 N
VideoObject (VO] Vi, Vi, ||
T ' ‘
e T VO, . VOLy
VideoObject Layer [VOL) W VOL, b
AN —
et | A
/ . GOV;...GOV
T 2 IV | .h“‘
GroupOfVOPs (GOV) GOV GOV; Y
on ] L2 N\
AN | h
f b
7 N
- LU , : B
VideoObject Plane (VOP) Vo U VOP, VOP. \ | voR, ‘ Vor, \ 1
L L -
VR, . VOFR VO, - VOPy VorR, ., VP

LE::.'(:[' | La}}:er 2 126



MO £ MPEGA4

& bFE 6. Block based = Obeject based
& L GOP > GOV

@ part10(ISO/IEC 14496-10): AVC, ITU-T H.264
@ part13(1SO/IEC 14496-13): SR A& BN
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M MPEG-2REC & profile

ACH (Profile) Bk (Algorithms)
High o TEATA)5EEED[TFELE (Spatial Scalable Profile)iZ
=Tl HERrE e BN EThEE

o FHRFEEM. TV 4:2:2 R H—FESEHERE

opatial =scalable

(el EE A TF )]

o FTRHEIRH TTTFELE (SNR Scalable Profile) 32EERIRFRIH
e A) - #EEE O TF (Spatial =calable coding) EliE (2B
o FHEBERED: TV 4:2:0

SNE =calable

o THIEEEE (Main Profile) BB RFEThREF{FIREL AT

({S0sekt AT EF) SRS (SNE scalable coding ) EiE (2B
o REEET: YUV 4:2:0
Main o JEO[3FE RN EE TR FEL. sEEmE
(BT o FEFHED: YUV 4:2:0
Simple o [ ERFETAE (Main Profile) IEE A BEENTHEE 2,
(TEI. ) EEEE R EMRra e di = 5F

o FEFRES: YUV 4:2:0




M MPEG-2Z4 level

¢® MP@ML
Main Profile, Main Level
720X 576X 30
4:2:0
15 Mb/s

®MP@HL
Main Profile, High Level
19201152 X 60
4:2:0
80 Mb/s

R ZHE (Parameters) yi=1: 3!
(Level)
1920 szamples/line |1920 #3747
HIGH ||1152 lines/frame  ||1152 i7/00
=&k |F0 frames/s o 1 FL
20 Mb/= an Jk ki L
1440 zamples/line ||1d40 #HE ST
HIGH 1440 |[1162 lines/frame  |[1152 §T./00
(=2l 14400 |[60 frames/s ao i1 /FD
60 Mb/= a0 JkEEbisE FD
T20 zamplez/line  ||T20 4T
MAIN  ||576 lines/frame 576 1T/
(BEEL) |30 framesz/s a0 i AR
15 Mb/s 15 Lk A
352 zamples/line ||352 HEE AT
LOW 288 lines/frame 288 17 /M
(k) |[30 frames/s a0 Mg
4 Mb/s 4 JRpbYRFD




M MPEG2H

HE

iProfile@Level

Levelt
. | HDTV: Main Profile at
High High Level (MP@HL)
Main DVD & SD Digital TV:
] Main Profile at Main Level
Low (MP@ML)
> Profil
Simple  Main  High ¢
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M Scalable Video Coding (SVC) extension of
the H.264/AVC standard

® TGP S A RO D — K, ERRRIN 3%
ATV SR . T TR S R AT

-

-
|
-:._]' o

SVC
encoder

H.264/AVC
decoder

SVC
decoder

512 kbtis

scene

SVC
decoder

1024 kbil's

SVC

>
decoder
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M. H.264: SVVC Basics

@ In Spatial scalability and Temporal Scalability the subset of the
bit-stream represent the source content with reduced picture size
(Spatial Resolution) or frame rate (Temporal Resolution).

@ In case of quality scalability, also known as fidelity or SNR
scalability, the subset of the bit-stream provides lower quality.
(Lower SNR).

@ In rare cases, “region-of-interest” and object based scalability
IS also required, wherein the subsets of the bit-stream represent
spatially contiguous regions of original picture area.

& Multiple scalability features can be combined to support
various spatio-temporal resolutions and bit rates within single bit-
stream.
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MC g SRS R AT

€ MPEG1/2

Spatial scalability
Quality scalability (SNR scalability)

€ MPEG4 AVC/H.264
Temporal Scalability
Spatial scalability
Quality scalability (SNR scalability)

\ F
region-of-interest
object based scalability
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EEMABUI (FVV)
Free Viewpoint Video

MC

FVV k&R it 4 ) [l — B A I A IR
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MC EERAEUN (FVV)

7] L

BEPEE = PAANEYEE X ALK

SEE LA B IEIN,  E AR B s AR PRARAS IR
R, IR IR H R

bR E > HRIUR

7] f&

JEA B D AE SR O BT R o 1 it [R] TU AR

(NEITAR) ~ WIATUR (BEITR) Gl TUR R
i, M, EFVWH AT IR ARG R?
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30 (FVV)

A
’

n>

A2

LA B TUR

i R FVWI R, AR 2 ARG (Multi-
view Video Coding, MVC) , L7243 # AR MR T4,
I3 AR S Bl A ) B =
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MC ZMAHmE (MVC)

Z M A 415 (Multi-view Video Coding)i| R SHELE

- B . ﬁ
- T

view]s e
- Multi-view Multi-view
video video
encoder decoder
& —

VVVVVV
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M MVCHYFN 1= EY
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VVC(Versatile Video Coding)

In October 2015, MPEG and VCEG formed Joint Video Exploration Team (JVET)
to evaluate available compression technologies and study the requirements for a
next-generation video compression standard. The new algorithm should have 30-
50% better compression rate for the same perceptual quality, with support for
lossless and subjectively lossless compression. It should also support YCbCr 4:4:4,
4:2:2 and 4:2:0 with 10 to 16 bits per component, BT.2100 wide color gamut and
high dynamic range (HDR) of more than 16 stops (with peak brightness of 1000,
4000 and 10000 nits), auxiliary channels (for depth, transparency, etc.), variable
and fractional frame rates from 0 to 120 Hz, scalable video coding for temporal
(frame rate), spatial (resolution), SNR, color gamut and dynamic range differences,
stereo/multiview coding, panoramic formats, and still picture coding. Encoding
complexity of 10 times that of HEVC is expected. JVET issued a final "Call for
Proposals™ in October 2017, with the first working draft of the Versatile Video
Coding standard released in April 2018; the final standard is to be approved before
the end of 2020.
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* Block structure
Larger Coding Tree Unit (up to 256x256) and transforms (up to 64x64)
Quadtree plus binary tree (QTBT) block structure replaced quadtree structure of HEVC
* Intra prediction tools
65 intra prediction directions
4-tap interpolation filter for intra prediction
Boundary filter applied to other directions in addition to horizontal and vertical ones
Cross-component linear model (CCLM) prediction
Position dependent intra prediction combination (PDPC)
* Transform
Explicit multiple core transform
Mode dependent non-separable secondary transforms in intra coding
* Inter prediction
Subblock level motion vector prediction
Locally adaptive motion vector resolution (AMVR)
1/16 pel motion vector storage accuracy
Overlapped block motion compensation (OBMC)
Local illumination compensation (LIC)
Affine motion prediction
Pattern matched motion vector derivation at decoder
Bi-directional optical flow (BIO) for improved motion compensation at decoder
* In-loop filters
Adaptive loop filter (ALF)
Bilateral filter
* CABAC design
Context model selection for transform coefficient levels

Multi-hypothesis probability estimation, improved initilaSILilzation for context models

http://www.pcs2018.com/uploads/1/1/0/0/110091239/pcs2018_vvc_overview 06 26.pdf Retrieved:201810
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€V VC(Versatile Video Coding)
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