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CTpyKTypa Marepuajia

& BBenenue

& KoMmmneHncanusa n1BUXeHUS
¢ IIpeoOpazoBanue

¢ KBaHTOBaHUKE

¢ Ounprpanus

¢ llepecranoBka

¢ Entropy coding

¢ NAL

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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DBOJIIOLUSA CTAHIAPTOB |

GRAPHICS & MEDIA LAB
VIDEO GROUP

CraH-T fog | Mp-Tenb YT1o HOBOrO

H.261 1993 | ITU-T 16/16 Lueno4ncneHHas KoMMneHcaUmns ABUKEHNS
8x8 DPCM/DCT, npeobpasoBaHue, VLE kogupoBaHue

MPEG-1 | 1993 | ISO/IEC Bi-npeackasanue, half- komneHcauus apmxeHus

MPEG-2 | 1997 |ISO/IEC ITU-T | Bbibop kavectBa, Profiles u Levels, Interlaced video

H.263 1998 | ITU-T [NopoepxuBaeT nepegavy daHHblx Huxe 30 kbut/cek,
LLenu 1 CeT ¢ NakeTHON KOMMYHUKaLMM
P-slice moryT Bkntoyath |-6noku

H.263+, |2001 |ITU-T 1) NogaepxuBaeT BCe CKOPOCTM Nepeaayn nHgopmawmum B
H.263++ | 2001 butax, bonbluee Konu4ecTso onLyuit
H.26L 2002 2) AKLEHT Ha norpeLLHoCTSIX

3) Long-term v gancHenwwee passutue o H.264

MPEG-4 | 1998 | ISO/IEC

H.264 2003 | ISO/IEC ITU-T | 10-as yact MPEG-4, cm panee
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CIIMCOK COKpalllCHUU o=
MPEG-  Moving Picture Experts Group
ISO - International Standards Organisation
VCEG - Video Coding Experts Group
IEC- International Electrotechnical Commission
ITU - International Telecommunications Union

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 4
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GRAPHICS & MEDIA LAB
VIDEO GROUP
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Hosoe B H.264 Lo

GRAPHICS & MEDIA LAB
VIDEO GROUP

¢ MHOrope:XUMHasl KOMIICHCAITUS JBHKCHUS

¢ 1/4-, 1/8-xomMrieHCas IBUKECHUS

¢ B-mipenckazanue

¢ llenounciaenHoe npeoOpazoBaHue HaJl OokamMu 4x4
¢ MHorope:xumHoe intra-mpeackazanue

¢ Deblocking-bunsTp

¢ Entropy-xkoaupoBaHue

¢ NAL (Network Abstraction Layer)

& SP, Sl -slice

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 6
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ﬁ;ICHOI[I)Bye@Ie (bOpMaTBI BI/II[e‘E- GRAPHICS & MEDIA LAB

progressive video

¢ Koaupyrorcs otnenbHble n300pakeHus (hpembl)
¢ H.264 noanepxxuBaet progressive u interlaced ¢popmatsl Buaeo

& Pa3zmep u300paxkeHU# 10JKEH OLITH KpaTeH 16 1o 000MM U3MEPEHUSIM

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ i




H.264 / Pl
(popMaT U300paKECHUS T
N300pakeHne OO oooo OY
IIPEICTABIICHO B @ ©@ © O Cb
(opmare Q.00 OO0 @cr

YCbCr 4:2:0 O OO0 OO0 O
@ © @
O OO0 OO0O0
Y=0.299R+0.587G+0.115B

Cb=0.564(B-Y)
Cr=0.713(R-Y)
MN300paxeHne pa30dMBaeTCs Ha TaKk Ha3blIBa€Mble MaKpPOOJIOKHU

pa3mepa 16 x 16 110 APKOCTHOM KOMIIOHEHTE U,
COOTBETCTBEHHO, pa3Mepa 8X8 JJISl IBETOBBIX KOMIIOHEHT

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/




H.264/ TepmuHEI \QJ@

GRAPHICS & MEDIA LAB
VIDEO GROUP

Maxkpo0J10K A npeocka3vieaemca MaKpooJokoM B, eciu
13 BCEBO3MOKHbIX MAKPOOJOKOB M3 NpealecTBYIOIINX
(peiiMmoB, pazHuLa MexKAY 0J10kaMu B 1 A MUHMMAJIbHA.

JTa Pa3HULA HA3LIBACTCH KOMIICHCAIIUEH ABUKEHUS
(motion compensation)

Intra — koouposeanue — KogupoBaHue 0e3 UCNO0JIb30BAHUSA
KOMIIEHCAIMH IBUKEHHUS

Inter — koouposanue — KOTUPYeETCS ¢ HCNOJIb30BAHUEM
KOMIIEHCAIMM JIBHKEHHUS

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 9
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H.264 KogupoBanue =

GRAPHICS & MEDIA LAB
VIDEO GROUP

¥ X
Fr »QD—» T — Q l
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ME [MepecTa-
r Inter A
F,n_'] T > MC 4’(\7 i
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Intra ) Intra
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H.264 JlekoaupoBaHue

Fo-1 - MC

Inter

P

Intra

_>©

I Intra
’ + D’n
F', < dunbtp = uF's ((:>I——'T4
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H.264 / Ll

KoaupoBaHue-AeKOAUPOBAHUE ™

F., - Texyumii ¢ppeiimM, MHOKECTBO MAKPOOIIOKOB,
Ka)KIbII U3 KOTOPBIX KOAUPYETCA B intra Wim
Inter pexxuMax

P - npenckasanue

UF’, - BoccTaHOBJIEHHBII, HO 0€3 HUIbTPA, TEKYIH
dpeiim

F'_{ - onuH WK Ba paHee 3aK0AMPOBAHHBIX
(dperima

D, - pasuuma Mexmy 6JI0KOM U €ro mpeacKa3aHueM

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 12
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H.264 / LO>;
KoanpoBaH#e-1€KOIMPOBAHHUE =

ME - motion estimate, mouck HanboJsee MOAXOASAIIETO
NpeACcKa3aHusl

MC - motion compensation, KoMII€HCAIUs IBHKEHU
(BBIYHCJICHUE BEKTOPOB JBHUKCHMS )

T - transformation, mpeoOpa3zoBanue
Q - xBanTOBaHUE
Entropy Coding — HenocpeICTBEHHO KOIMPOBAHUE

NAL - Network Abstraction Layer , popmar miis
Mepesaym 10 pas3aIndHbIM KaHajlaM

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 13
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Komrierncaimsa nBimkeHus / @
Inter-010KH S
Texkyumui ppenm //
x=x2-x1

y=y2-yl

[Ipu kogupoBaHuu inter-(Makpo)0JIOKa BO3HUKAIOT
BEKTOPA JIBUKECHUU

Ecny BEKTOp ABMIKEHUA 110 APKOCTHOU KOMIIOHEHTE Y
paBeH (X,y), To cooTBeTcTBYIOIMHN BeKTOp 110 Cr u Cb
OyzneT paBeH (X/2,y/2)

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 14
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K(?MHGHC&HI/IH IBUXKCHUS / LD >
Slices T

Kaxxap1ii pperiM NpeICTaBIsETCS KaK OJIHA
IIJIOCKOCTH (slice) nim HECKOJIBKO
BUJICOIIJIOCKOCTEM.

Tunsl slice: 1, P, B, SP, SI

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 15
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FOII\./IHCHCEU_II/IH NIBUKCHUSA / 4O
-slice e

[-slice — MII0CKOCTDh, COCTOSAIIIA
MCKJIIOUMTEIBHO U3 1ntra-MakpoOJIOKOB

(mepBbI (ppeiiM Beeraa sasirsieTcs I-slice)

MakpoOJIOKH MOTYT
CCBUJIATh TOJIBKO Ha Py //
YK€ 3aKOJUPOBAHHBIC //
MaKpOOJIOKH U3 TOM ke

slice 7

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 16
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KomMmmeHcanusa n1BUXECHUS / /@,\
P-slice s

intra - /

Inter

J1J1 TIipony CKaeMbIX
Bl skipped MaKpOOIOKOB IIOCHLIAETCS
TOJILKO CUTHAJ O TOM, 4YTO OH
IIPONYCKAEMBbIN M OOJIBIIIE
HUKAKUX JAHHBIX

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 17
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KoMmrieHcanmsa NBuxeHus / @
Pazounenne MakpoOoka =
16 or 5
0 01K
16| 0 0 1
1 2 [
16x16 8x16 16x8 8x16
,upeBo%vluHaﬂ CTPYKTYpa KOMMNeHcaLnn ABMKEHNS
A= /
0 o
8 0 ol 1
1 o | 3
8x8 4x8 8x4 4x8

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Kommiercanus asuxeHusd / @
SP and SI slices =

OcHoBHas uaes: SP (switching P) u SI
(switching I) slices — 310 KOgUpPOBaHME
JIOIIOJIHUTEJIBHBIX kaapoB, garommx
B TOUHOCTMH Ttakoi ke pe3yJibTaT, Kak U
OCHOBHBIE KaJIpbl B IOTOKE.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 19
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KOMHeHcam.M JIBMOKEHUS / /Q@\
SP and SI slices =

SP (switching P) u SI (switching I) slices
MOI'YT UCII0JIb30BATHCS 1JIs:

¢ oOecrnedeHus YCTOMYMBOCTH K OIIMOKaM

¢ U1 IICPEKIIOYECHUS MEKY Pa3IMUHBIMU
IOTOKaMHM (KOrJa mepeaaeTcs, Halpumep,
CTEPEONOTOK)

& 14 fast forward.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 20




KOMH.eHcauHH NIBUKCHUSA / 4O
SP-slice s

Ucnoas3oBanue SP/SI-slices a1j1s nmepexjaroyeHust

MCKAY NOTOKAMM . SRUEA
10T

B cranmaprax no H.264 Pq Pq Pygq P4 P
BO3HHMKasa “switch point”. L s
[Tpu aTOM 0Opasyercs I-

slice 4TO mpUBOAUT K
yYBEJIMUCHUIO YHCIIA noToK B

JTAaHHBIX B KQXXKI0U TaKOU
TOUYKE

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/




KoMrieHcanmsa NBUXKECHUS /

SP- and SI-slices

SP-slices (AB, u B,)
UCTIOJIB3YFOTCS JIJIS
KOJUPOBAHUS OJHOU U TOU
Ke TI10cKocTH (B;),
CChLIasICh Ha JBa (peiima
(A, u B,) u3 pazHsix
ITOTOKOB.

(arasiornyHo crpoutcs BA,)

N3 aByx SP-slice
MMOJY4alTCs OTHUA U Te
7Ke JTaHHbIE.

Ao

—A1

SP

—

A2

P
IIOTOK A\ J

10T
i

Bo

OK

—B1

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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GRAPHICS & MEDIA LAB
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VIDEO GROUP

P
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— B4

20

o>



oy

-

- [ \ 2 ~Z)

KOMHeHcaum.I NBUKCHUSA / 4>
SP- and SI-slices e

YCTONMYNBOCTH K OIIMOKAM 3a CUeT
ncooJan3oauus SP/SI slices:

¢ Koauposmuk koaupyeT SP-slices peryiasipHbIMu
nHTepBanamu. [ kaxaon SP-slice umeercs emie mo
KpaliHer Mepe ogHa SP-slice, koTopast ICHOIb3yeT
APYrou CChbLIOYHBIM (pperiMm nim Sl-slice.

¢ Eciu Bo BpeMs niepeaun pperiM OBPEKICH,
OJy4YaTeab MOKET HHPOPMHUPOBATH MEPEIaTUUK
yepe3 00paTHYIO CB3b, U IIEpPEAaTUMK MomieT SP-
slice, HCMOJIB3YIONIYIO IPYTOM CCHUIOYHBIN (Ppeiim
unu Sl-slice.

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 23
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KOMHeHcaqum TIBHYKEHUS / 4O
SP and SI slices e
fast forward (ocHoBHas umes: A, HOTHOCTBIO
OJIMHAKOB T0CIie A, , 1 1TOCIE A )

Pq rq Eg S Pg
Ay e~ Ag |— |Ag | — [Ay| — [Ay| —

AN~ P

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 24




KoMrieHcanmsa NBUXKECHUS /

\—l

@

GRAPHICS & MEDIA LAB
OOOOOOOO

bb

NHuaTepnionupoBanue

YBeIM4YeHUE

MAaKpOO0JI0Ka BO3MOKHO

B 2 u 4 pa3a.

HUcnone3yerca FIR

(Finite Impulse b K

Response) ¢e| |dd
K| L

b = round((E — 5F +
20G +20H — 51 +1J) /32)

j =round((h + m) /2)

!do

z 3= |O @

| J
ce | ff
Pl 1O

~ E=Q | =

g8

T

hh

U

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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KoMIieHCcAIs NBIKCHUS / L O
Q
short u long terms T

[Iocne Toro, kak ppeM 3aK0AUPOBaH (JAEKOAUPOBaH),
mudparop (aemudpaTop) MOKET HPUCBOUTH €MY OJIMH U3

CICAYIOMUX CTATyCOB. uCT 13 N PSRBTy X KapTHHOK

a) HedocmyneH OJis 7 b
UCNONIb30BAHUS

b) short term i
c) long term
d) 20mos K 61600y HA IKPAH  Max Min Min Max

short short long long

short term : > long term
Adaptive memory control command

long term > HEOOCHLYNEH 014 UCNOJ1b308AHUA

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 26
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KoMmrieHcanmsa NBuxeHus / @

cricok0 v canucox 1 ==

long u short terms BBICTpauBAaIOTCs B IBa CIIMCKa:
cnucok 0 - ¢ppeiiMbl ¢ HOMEpaMHM MEHBIIE TEKYIIETO IO
yOBIBaHMIO,3aTEM - OOJIbIIIE TEKYIIET0, 10 BO3PACTAHUIO
cmucok 1 -gpperiMbl ¢ HOMepaMu 0OJIbIIE TEKYIIETO, 10

BO3pAacTaHMIO, 3aTeM- MEHbIIE yHeKC |cnucok( | crimcoxl
TEKYILEro 1Mo yObIBAHUIO 0 126 128
1 125 129
7 123 130
[Ipumep: UMEIOTCA terms 3 128 126
123,125,126,128,129,130 4 129 125
TeKyIIui pperim — HoMep 127 5 130 123

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ )]
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KomriieHcanmsa OBMKCHUSA / @
B-slice G““"U:Si:é‘.&?&:‘ ¥
Wymaﬂ, OJIHA CJIEIYIOIIas

Y /w

Sl . e

JIBE TIPEABIAYIIINE

Kaxknoe pazoueHue inter-koaupyeMoro MakpooJsioka B B-slice
MOXKET OBITH IIPEACKA3aHO OJHOW MW ABYMS CCHUIOYHBIMU
KaJpaMu, J10 WK MOCJe TEKYIIETro Kajapa

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 28




KoMrieHcanmsa NBUXKECHUS /

B-slice

\—l

@

GRAPHICS & MEDIA LAB
VIDEO GROUP

KaxXJIbIi (Makpo)010K B B-slice mpenckasan:

B pexxuMe Direct

e KOMIIEHCAIIUS NBIKEHUSI 13 crrckal
* KOMIIEHCAIIUS NBUKEHUS N3 CITicKal
* Bi-nipeackazanue u3 cnuckal u cnuckal

crincok( q0 DI]:ECt
16x8,8x16 5
16x16

8X8 : BCE YacTu
KOQUPYIOTCS B
OJHOM PEKHUME

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 29
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KQMHeHcaum{ NIBUKCHUSA / 4O
Bi-nipeackasanue o

cricok() CIHCOK]

pred(i,) )=
(predO(1,))+pred1(i,))+1)>>1

oOpasyercs
= JIBa BEKTOpA JIBUKCHHUS

TEeKY UM ﬁé > residual

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 30




KomMmmeHcanusa n1BUXECHUS /
Intra-npeacKa3aHue

Ty

E

F

G

H

x| Q | o |0

— || | T

FIxX<—=|Z
S|(— |0 | | >
S5 |— |~ |T |

0]

P

GRAPHICS & MEDIA LAB
VIDEO GROUP

9 pe:KNMMOB NpeAcKa3aHusa s Y 4x4,
4 nna Y 16x16, 4 g Cr(Cb) 8x8

A

C

D

E

F

G

H

B
alb
i

d

¢

dl

)

i

IR —<Z

e
|
mn

0

P

pexum O (BepTUKanbHbIN)

CS MSU Graphics & Media Lab (Video Group)

http://wy

Y BCeX PEXKUMOB pa3Hasl
oIIrOKa MpeaCKa3aHUs
Sum of Absolute
Errors(SAE)
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KOMHeHcaum{ NIBUKCHUSA / 4O
Infra-npeacKkazaHue w—_J
l\(lAIECIB I\I/IABCD I\/I\A\BC DEF G|H
Fefiah ) (e aDr AAA
KT KN J XA A,
L mimolp? L|+-+L)8 S i
pexxum 1 pexum 2(DC) S5 oy
B peKHNMaXx 3-8 UCIIOJIb3YETCS weig%téd average .

B pexxnme 4: d=(B/8+C/2+D/8)
M|A|B|C|D|E|F|G|H MIAIB, H
o/ B
AGA JLerE
KN, — 7 K P
L w/njoup) — B L |pvrd | o

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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KOMHeHcaL{Hﬂ NIBUKCHUSA / 4O
Infra-npeacKkazaHue w__J

B C mE=min(modeA,modeB)-nandonee
BEPOSITHBIN pekrM OJ10Ka E

A BHE MJIOCKOCTHU ‘ mE=min(2,modeB)
A He intra

KOJUPOBIIMK(JICKOAEP) NOCBUIACT IS KaxKa0ro ojioka 4x4 2 ¢uara:

prev_intra 4x4 pred mode u rem intra 4x4 pred mode
—

mkE, ecim prev=0
modef=< rem, eciau prev=I1, rem<mkE

rem+1, ecnmu pred=1, rem>=mkFE
N—

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 33
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KoMmrieHcanmsa NBuxeHus / @

lIpenckazanmne B/l =

Koaupyercs He caM BEKTOP JABUKEHUS, & pa3HUILA
MEXIY HUM U IPYTUM BEKTOPOM JBMKCHUA

Jlns B]I 61okoB makpo0Oiioka E
NPEICKA3aHUAMU SIBIAOTCS B/
’ C 13 OJIOKOB:
1) E=2 0noka 16x8 B/A
| A 2) E=2 6moka 8x16 A|C

A F 3) B OCTaJIbHBIX CIIy4asiX —
cpennee u3 A,Bu C

— A,B.E — oaquHakoBOro pazmMepa
— A,B.E — pa3noro pa3mepa

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 34
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[IpeoOpazoBanue ="}
1 1 (ﬂ'j
a — e b: — TS e
2 V 2 8 2 S
4 E
EEEN R e
g 1 -1-2 1 1 -1 2 4 e
Y=1.1.411l X 1-1-12®a%a%
U~ o U211 b ¥ a b

2 T4
- |
C; '
Marpuna CXCT — ocrnosa 2D Tpanchopmanun
E- maTpuiia [uHaMHUYE€CKHUX BEKTOPOB

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 35
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KBaunroBanue @

GRAPHICS & MEDIA LAB
VIDEO GROUP

Yij
Ostep

Qstep - onpeaensieTcs mapameTpoM kBaHToBaHus QP

KO3 (P PUIIMECHTHI
kBanToBanusi ZU=" ound

QP. o [1T"HEF[3E (s |...118 [...[24 |... |30 |... 0|51

o 0. lo. lo. lo. 1. 5
SICP 1625 |6875(825 (8125 125

10 20 |... |[224

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 36




dunprpanms (nednokuur) =]

GRAPHICS & MEDIA LAB
VIDEO GROUP

OunbTpanys NPUMEHSIETCA Ha rpaHullax 0JIOKOB ——

(32 UCKJIIOUECHHUEM I'PAHMII IJIOCKOCTH )
I1pu ycnoBuu, 4TO

a) bs>0
b) Ip0-q0l< & |q1-q0|< /3
pl-pOl<f
Y 16x16 Cr 8x8

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 37




!

OuneTpanys (J1e0JOKHHT)

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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dunbrpaiys (1e6IoKuHr)

GRAPHICS & MEDIA LAB
VIDEO GROUP

p Wi q u3 intra?

V HET

B p H(UJIH)  €CTh
3aKOJIMPOBAHHBIE KO PUIIMEHTHI?

{[/\HGT / \HCT

[’ -rpanuiia MakpoOJsoka?

“ P U q CChUIAIOTCS Ha Pa3HbIC KAPTUHKHU
bs=4 bs=3 bs=2 WA Ha KapTUHKHU C pa3HbIMA HOMEpPaMU
WJIA UX BEKTOpA ABUKEHUM OTJIMYAOTCS
B OJTHOM MJIM 00JIE€ KOMIIOHEHTE 1O Y ?
bs- cuna rpaHuIlbl na HET
(boundary strength) bs=1 b0

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 39




IIepecTanoBka/Ilops ok
CUUTBIBAHUS MaKpOOJIOKa

J

N\ !

/@

2\

o>

GRAPHICS & MEDIA LAB
VIDEO GROUP

20000
o Ha Va Vo
¥ v v v
\ 2 \
| I % ZEm7
Ol 1| 4]5 18\| 19 A 23
7 B 7 R 7 o
> 1 36| 7 20 | 21 24 | 25
8§ | 9 | 12|13 Cb Cr
A @ @ @
0111 14 15 [ B0k -1 u3 kedppuuuentos DC
o0pa3zyercsi TOJbKO B
b

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/

16x16 Intra-kogupyemMbIxX 0J10KaX

40
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[ lepecTanoBKa =
O O
intra 4x4 nis progressive  tra 4x4 mis interlaced
video video

? HOPSIAOK 00X01a MaKpOOJIOKOB B INIOCKOCTH

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 41
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Entropy Coding / <0
KoaupoBaHue mioCKOCTH w—_J

header
AaHHbIe O NJIOCKOCTH

MB |Mb

Mb Skipped| Mb

intra+

inter(kpome8x8)

inté' 8x8, QP ,3akogupoBaHHbIe
Inter unum intra KoadhpuumeHTbl TpaHchopmMaLmmn

Tmn Mb _»0CTanbHoe

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 42
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Entropy Coding @

GRAPHICS & MEDIA LAB
VIDEO GROUP

Koaupyrorcd cineayroiume JaHHbIC:

HAMMEHOBAHHUE Ha3HaYeHHue

mb_type TUI MaKpoOJoKa

Coded block IIOKa3bIBaeT Kakue OJIOKU BHYTPHU MaKpoOJIOKa
_pattern COJZIEPKAT 3aKOAUPOBAHHBIE KOA(PPUIIMEHTHI
QP napaMeTp KBaHTOBAaHUS, KOJIUPYIOTCS

KaK Pa3HOCTh C IPEABbIIYIIUM

Refer frame index

HOMeEpa (PpeHMOB JIJIs TPEeICKa3aHUs

Residual

pPa3HUIIA MEXKIY OJJOKOM M €r0 MPEACKa3aHuEM

MV

BCKTOP ABHKCHU A




Entropy Coding @

GRAPHICS & MEDIA LAB
VIDEO GROUP

entropy coding mode:

0: Bce nanunrie — CABAC
(Context-based Adaptive Binary
Arithmetic Coding)
1 Residual — CALVC

(Context Adaptive Variable Length Coding)

octanbHOE - Exp-Colomb

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 44




Entropy Coding / CALVC
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Ilocne KoMII€HCAlMK JBMKSHUS, IPEOOpa30BaHUS U
KBAaHTOBaHUS, OJI0K OOBIYHO COCTOUT U3 OOJIBIIIOTO

YUCJIa HyJIer

0 3,10
0 110
10|00
0 000

biok cuuTeIBaeTcsd
B 3UI3ar IOPSIKE
(cM. IlepecTanoBka)

0,3,0,1,-1,-1,0,1,0...0

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 45
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Koaupyrorcs cinenyromme BEJIMYNHbI:

Ha3BaHue | UTo o3HaUaer Hom. | mpu-
3Hay. | MEp

Coeff tok |Ywuciio HEeHyIEBBIX 0..16 |5
en K03 (PUIUEHTOB

Trailing |[Ywucmo 1 u -1 0.3 WS
_ones (ecim UX OOJIbIIIE, TO OCTAIbHEIC

KOJUPYIOTCSI OOBIYHBIM CIIOCOOOM)

Trailing | 3naku npu ko3@. 1 u -1, kogup-csa |0 (+) |0,1,1
ones sign |Kak trailing ones, Ha4nHasi ¢ 1(-)
ﬂag_ KOHIIA TIOCJIE0BATEIbHOCTH

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 46
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VIDEO GROUP

Jlanee KOQUPYROTCA:
ocTaBIIMecH KOI(PPUIUECHTHI

1 - level(1) (TOX€ B 0OpaTHOM ITOPSIIKE)
3 - level(0)

total zeros —4ucCi0 HyJIEHN 10 MOCJIETHETO HEHYJIEBOTO
ko3 punmenTta (3)

run_before
r . 0,1, -1, 280, 1. )
HE KOIUPYETCA 1 0O O 1

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 47
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Entropy Coding / LD
Exp-Colomb e
napameTp —— code num ~codeword
4 P - code num | codeword
3dBUCHUT OT 4YdCTOThI 0 1
BCTPEYAEMOCTH IMapamMeTpa " 010
codeword=[M nyxaeu][1][INFO 2 011
[M nynen][1]] | ; 0T
DI(S 4 00101
5 00110
M = \_log2 (code num-+ I)J 2 i
INFO = code num+1—2" / 0001000
¥y 8 0001001

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 48




Entropy Coding / CABAC =]
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VIDEO GROUP

CABAC (Context Adaptive Binary
Arithmetic Coding):

¢ BE100p BEpOSATHOCTHON MOJEIHU IS KaXKIOTO
CUHTAKCUYECKOTO DJIEMEHTA B COOTBETCTBUU C €TI0
KOHTEKCTOM

¢ Ajanranusa OLEHOK BEPOSTHOCTH HA OCHOBAHUH
JIOKAJIbHOU CTAaTUCTUKHU

¢ lcnonp3oBanue apu(pMeTHICCKOTO KOJIUPOBAHUS
npeanouyrturenbHee VLC

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 49
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KOI{I/IpOBaHI/Ie JAHHDBIX value IPOXOoaUT CTaJNMN.

1]

I. Bunapusanus value| brHapuzanus
0 0
1 10s
2 110s
3 1110s
3 111111110s
>3 Exp-Colomb

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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Entropy Coding / CABAC
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I1. BLIOOp KOHTEKCTHOM MOAEJIH

/@/\—
=]

GRAPHICS & MEDIA LAB

VIDEO GROUP

g =1 [ — e.—|value ,[+|valuey|
bin KoHTeKkCcTHAs MOAENb
1 05¢,<3-0;3%¢,<33 -1;33 <e, -2
2 e
3 4
4 S
5 n Oonee |6

rae binl — nepBeiid OUT value, bin2- BTOpOU U T.1.
CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/
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IHI.ApudmeTnyeckoe KOAMPOBAHUE KAMK/IAOT0 OMHA
(MCOIB3YIOTCA ABE BEpOSITHOCTH p[bin=°0"] p[bin=°1"])

IV.O0HOBJICHME MOAEIN

[Ipumep. BeiOpana model2 u bin=°0’

model2 0 countt++;

if (model2 0 count>threshold) {
model2 0 count=0
model2 1 count=0;

h

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 5P
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Network Abstraction Layer - CereBoli AOCTpaKkTHBIN
YPOBEHD

®dopmartupyet Buaeo nocie Entropy Encoding u no6aBnsieT k
JAHHBIM 3aroJIOBOK HY>KHOT'O THIIa, YTOOBI B JJaJIbHEHIIIEM
nepeaaTh MH(GOpMaIMIO [0 J00MY U3 BCEr0 pa3HO00pa3us

TPAHCHOPTHBIX YPOBHEW UJIM HOCUTEIIEH JTAHHBIX

NAL | moci-t6 | NAL | mocia-T6
header| 6amitoB |header| OaiiToB

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 53
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o>

2 YPOBEHDb

z KOJMPOBAHHUS BHJIEO Panuonaibno
= g ‘ —— | IpeacrasJjidgeT
" 3aKO0UPOBAHHBIN cofepsKanue

=

E L MaKPOO0JIOK ) unpopManuu
u A

=3 T pa3OMeHue JTaHHbIX

S v

= e ™

i 3aK0AHPOBaHHAaA

f IUIOCKOCTh

A A

ceTeBOl Aa0CTPAKTHBIN YPOBEHb

CS MSU Graphics & Media Lab (Video Group) http://www.compression.ru/video/ 54
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