O630p paclnpeHnia
cTaHaapTa H.264
N TeHOEHUUN pa3BUTUSA

!'_ KOAEKOB HOBOI'O MNMOKOJIEHNA

AnekcaHap BopoHOB

Video Group
CS MSU Graphics & Media Lab




i Copaep>kaHue

= BBegeHue

= HekoTopble anroputMbl n3 H.264
= PaclwumperHuna H.264

= HoBbIM cTaHaapT H.265

= BbiBOAbI

CS MSU Graphics & Media Lab (Video Group)



CraHpapt H.264 /| MPEG-4 Part 10 / AVC
= Pa3paboTtaH B 2003 roay

= Pazpabotumk — JVT (Joint Video Team)
= VCEG (ITU-T Video Coding Experts Group)
=« MPEG (ISO / IEC Moving Picture Experts Group)

Source _ .
. Pre -Processing " Encoding
T === |
" Post -Processing [ Decoding 1
Destination & Error Recovery I I
I Scope of Standard _|

Overview of the H.264/AVC Video Coding Standard. Thomas Wiegand et al.,

. . . IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, 3
CS MSU Graphics & Media Lab (Video Group) o, 15 no. 7, juLy 2003



i OCHOBHbIe 0CODEeHHOCTU

Heckonbko pedepeHCHbIX KaapoBs

Nepapxua B-kaapos

[lepeMeHHbIN pa3mep 6noka (oT 16x16 go 4x4)

BekTopa ABWXEHUS, BbIXOASILLNE 3@ rPaHuULbI

Kaapa

Beca pedepeHCHbIX KaapoBs

= [IpOCTpaHCTBEHHOE npeackasaHune ans intra-
6510K0B

= Inloop deblocking

= CABAC (Context-based adaptive binary coding)

CS MSU Graphics & Media Lab (Video Group)



CyuwecTBytoLme
‘L peanm3auumn

= X264

= MainConcept (DivX 7)
= Elecard

= Intel IPP

= Nero

= QuickTime

= M MHOIne gpyruve

CS MSU Graphics & Media Lab (Video Group)



s BBepgeHue

= HekoTtopblie anroputmbl n3s H.264
= MeToabl KBAHTOBAHUA
= [lcnxoBusyanbHag onTUMM3aums

= Pacwmpennsa H.264
= HoBbIM cTaHaapT H.265
= BbiBOAbI

CS MSU Graphics & Media Lab (Video Group)



‘L MeToadbl KBAHTOBAHUSA

s ObblYHOE KBaHTOBaHue
= lcnonb3oBaHue deadzone
= | rellis kBaHTOBaHMe

CS MSU Graphics & Media Lab (Video Group)



MeToadbl KBAHTOBAHUSA
Deadzone

s KoadpdpuumeHTtbl DCT nmetoT pacnpeneneHue
Jlannaca

0=0.4, p=

1.0 —

ﬁ S
DN PR
TILiLiLq
mooooo

R RIR= A

-

2

= Mepen aeneHueM Hy>XXHO CMECTUTb LIEHTP
pacripeaeneHns bnmke K Hyno

. . . X264: A HIGH PERFORMANCE H.264/AVC ENCODER. Loren 8



MeToabl KBAHTOBAHUSA
Trellis quantization

= PaccMoTpuM BekTop M3 64 KOIPPULIMEHTOB
KBAaHTOBaHUS

= Ka)kagoMy KoadhdpuumneHTty éyaer
COOTBETCTBOBATb 0AHa cTaaus (stage)

s O603Ha4yeHuns:

= Level state L(i): i-Tbit KO3pDULIMEHT nMeeT
3HayeHue J

= Run state: R (i) i-Tbin kK03 duLmMeHT 1 k-1
npeablaywmx KoapduuneHToBs nMetoT 3HadeHne 0

= byaem MMHMMU3npoBaTb PyHKUMIO R + AD

Trellis-Based R-D Optimal Quantization in H.263+. J.Wen,

i . i M.Luttrell, 3.Vill IEEE Th ti I P i 9
CS MSU Graphics & Media Lab (Video Group) Vol_;tt,r\leo_’sj ALS.S%SZ_ ransactions on fMage Frocessing,



MeToadbl KBAHTOBAHUSA
Trellis quantization

Stage
= [locnepoBaTenibHOCTb
NPUHATUS PeLLEHNN

B BMAe rpada

1 2
(0 £
N . AN

= 3ajada noucka &
ONnTUMaJZiIbHOIro NyTwu
= Anropnt™ Butepbu

CS MSU Graphics & Media Lab (Video Group)

10
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Trellis quantization

‘_L MeToadbl KBAHTOBAHUSA

PesynbTaTthl And x264

= CKOpOCTb:
= no trellis: 3.63 fps
=« trellis: 3.05 fps (- 16%)

= CpepHnn PSNR:
= no trellis: 44.090
= trellis: 44,216

11
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i Copaep>kaHue

s BBepgeHue

= HekoTopble anroputMbl n3 H.264
= YNydlwleHua MeToaa KBaHTOBaHUA
= NMcnxoBusyanbHaa onTuMuU3aums

= PacwumpeHuna H.264
= HoBbIM cTaHaapT H.265
= BbiBOAbI

12
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[lcnxoBum3yasbHad
i ONTUMU3aLNA

= PSNR He yuuTbiBaeT CTPYKTYPHYIO CITOXXHOCTb
N306pakeHuns

= [Tommmo PSNR npu KoagnpoBaHUN HY>XXHO
YUUTbIBaTb pa3HULY B CNIOXXHOCTU MexXay
MCXOAHWUKOM U pe3y/ibTaToOM

13
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[lcuxoBu3yasibHas
ONTUMKU3aLMUSA

CS MSU Graphics & Media Lab (Video Group)



[lcuxoBu3yasibHas
ONTUMKU3aLMUSA
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[lcuxoBu3yasibHas
ONTUMKU3aLMUSA
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[lcuxoBu3yasibHas
ONTUMKU3aLMUSA
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[lcnxoBum3yasbHad
‘L ONTUMU3aLNA

= source: 1024x560

= No psy: 500 kbps
= Y-PSNR: 41.861 dB
= SSIM: 0.9736

= psy-rdo: 500 kbps
= Y-PSNR: 40.994 dB
= SSIM: 0.9697

18
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i Copaep>kaHue

= BBegeHue
= HekoTopble anroputMbl n3 H.264

= PaclwumperHuna H.264
= FRExt
= SVC
= MVC

= HoBbIM cTaHaapT H.265
= BbiBOAbI

19
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FRExt — Fidelity Range Extention
= Pacwmnpenune npuHato B 2004 roay

= PaclwmpeHue nogaepXnmBaeMbixX LBETOBbIX
NPOCTPAHCTB
= YUV 4:2:2
= YUV 4:4:4

= LlenouncneHHoe npeobpasoBaHue 6n1okoB 4x4
n 8x8

= MaTpuubl KBaHTOBaHUA
= YnydueHue lossless koaMpoBaHus

1.0verview and introduction to the fidelity range extensions. G.

. . . J. Sullivan, P. Topiwala, and A. Luthra SPIE Conf. on Digital 20



i Copaep>kaHue

= BBegeHue
= HekoTopble anroputMbl n3 H.264

= PaclwumperHuna H.264
= FRExt
= SVC
= MVC

= HoBbIM cTaHaapT H.265
= BbiBOAbI

21
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‘L Scalable Video Coding

Scalable Video Coding (SVC)

= PacwunpeHue npuHdaTto B 2007 roay

= OCHOBHas naes: BO3MOXXHOCTb 3aKOAMPOBATb
NOTOK TaK, YTOBbl €ro MOXXHO 6bIS10

AekoampoBdaTb C pa3HbiIMN YPOBHAMU KAYECTBA
Z o\

CS MSU Graphics & Media Lab (Video Group)

22



Scalable Video Coding

[TpunoXxxeHus

= NHTepHeT-BewaHune (Youtube n np.)

= Pa3Hble yCTpOUCTBa BOCMpON3BEAEHUS
(ot PDA po HDTV)

= HeHagexHasa cpena nepenayn AaHHbIX
= Ycunenue 3awutbl 6onee BaxkHoN MHMOpMaLmm

= Pa3HOpoaHasa CTPYKTypa cpeabl nepeaayu
OAHHbIX

= Micnonb3oBaHune Media-Aware Network Elements

23
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Scalable Video Coding

Llenn ctaHaapTa

= PasyMHble HaknaaHble pacxoabl (10-50%)

= Manoe yBennyeHume CNnoXXHoCTH
aeKoanpoBaHUS

= MacwTtabupyeMocTb no
= BpEMEHMU
= pa3peLleHunto
= KayecTBy

Overview of the Scalable Video Coding. Extension of the
H.264/AVC Standard. Heiko Schwarz, Detlev Marpe, and Thomas
. . . Wiegand, IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS 24
CS MSU Graphics & Media Lab (Video Group) ror vIDEO TECHNOLOGY, VOL. 17, NO. 9, SEPTEMBER 2007



Scalable Video Coding

MacLiTabmnpyeMocCTb Mo BpeEMeHU

group of pictures (GOP) P group of pictures (GOP)

B
i o

s B-frames
hierarchical

0!4 3 5 2 7 6 8 1!12 11 13 10 15 14 16 O !
Tl Ty T, To Ty T T, Ty Tol Ty T, To Ty T T, Ty Tol

= Nondyadic
hierarchical

0 3 4 2 6 7 5 8 9 1 12 13 11 15 16 14 17 18 10
To T, T, Ty, T, T, T, T, T, To T, T, T, T, T, T, T, T, T,
(b)

= Delay of zero

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
To T3 T T3 Ty T3 T T3 To Tz T T3 Ty T3 T, Tz T

(©
CS MSU Graphics & Media Lab (Video Group) %



Scalable Video Coding

MacLiTabmnpyeMocCTb Mo BpeEMeHU

GRAPHICS & MEDIA LAB
VIDEO GROUP

Foreman, CIF 30 Hz

Average Y-PSNR [dB]

bit rate [kbit/s]

CS MSU Graphics & Media Lab (Video Group) 2



Scalable Video Coding

MacLluTabupyemMocCTb Mo pa3peLleHunto

Macroblock coding:

= Motion prediction (M)

= Inter-layer residual prediction (R)
= Intra-prediction (I)

27

CS MSU Graphics & Media Lab (Video Group)



Scalable Video Coding

MacLluTabupyemMocCTb Mo pa3peLleHunto

GRAPHICS & MEDIA LAB
VIDEO GROUP

bit rate [kbit/s]
Crew, IPPP (CIF 30Hz - 4CIF 30Hz)

@

A

[ 4

05,

: ® Dbase layer

e . —e— Single layer

g 33F----- s | —e— Simulcast

3 4 e Single-loop ILP (1)
2F----- il --#-=Single-loop ILP (I.M)

S —o— Single-loop ILP (I.M.R)
3 bk ---- —s— Multiple-loop ILP (1)
-=~= Multiple-loop ILP (|.M.R)

%0 r !

0 500 1000 1500 2000 2500
bit rate [kbit/s)

CS MSU Graphics & Media Lab (Video Group) 28



Scalable Video Coding

MacLiTabmnpyeMocCTb Mo KayecTBy

Coarse-grain scalable coding

= YPOBHU KOAUPYIOTCA C Pa3HbIM LLIAroMm
kBaHTU3auum — DQP (delta QP)

= /ICnoNb3yloTCs Te e MeToabl MacluTabupoBaHus,
4YTO N AN MaclTabupoBaHUsA NO paspeLleHmnto

Medium-grain scalable coding

= BO3MOXXHOCTb B N1t060ON MOMEHT NEPEKTHOYNUTHLCS
MeXay YPOBHAMU pa3HOro KayecTBa

= BO3MOXXHOCTb PeKOHCTPYKLUU KaapoB HU3KOIro
KayecTBa No KaapaM 6osiee BbICOKOro KayecTBa

CS MSU Graphics & Media Lab (Video Group) 2



Scalable Video Coding

MacLiTabmnpyeMocCTb Mo KayecTBy

bit rate [kbit/s]
Crew, CIF 15Hz, GOP16

GRAPHICS & MEDIA LAB
VIDEO GROUP

40 I I I [ I

39 - - — :_ - _l - _l ____________

38 | :
T T T e
2, | . .
e 36 | :
n..35'___|_ “““““ o e T
234-———'————— e
> - ==~ | —=—3ingle layer
5 33 | —=—CGS, DQP=6
< 32 - P -7 —+CGS, DQP=2

31F - - > L _ 1 -=-CGS, DQP=6, multi-loop

30l | -+ CGS, DQP=2, multi-loop

| ——MGS (key pictures)
29 1 I I I

0 100 200 300 400 500 600 700 800
bit rate [kbit/s]

CS MSU Graphics & Media Lab (Video Group) 30



Scalable Video Coding

CoBMelleHne noaxoaos

GRAPHICS & MEDIA LAB

VIDEO GROUP

Layer 1 SNR scalable
L il Scalable
9 bit-stream
texture >
Motion-compensated Base layer I T
and intra prediction g coding
motion S
! —
. Inter-layer prediction of —> el
Spatial Layer 0 intra, motion, and residual
decimation ’ ' SNR scalable -
> .
coding
texture H.264/AVC compatible
Motion-compensated o Base layer I base layer bit-stream

and intra prediClion  —— coding
motion

H.264/AVC compatible encoder

CS MSU Graphics & Media Lab (Video Group) 3



Scalable Video Coding

BbiBOADbI

= CTaHpapT npeaocrasnseT rmbkne cpeacTsa,
KOTOPble MOXXHO MCMNOJ1b30BaTb B 3aBUCMMOCTHU
OT MOCTaBJ/IEHHbIX 3aJau

= Peanusaums nMmeeTt AoCTaTovyHO Hebonblune

HaKJ/1aAHbIE pPaCXoAbl.
= ~10% pnga MacwTabmpyemocTu rno paspeLleHnio
= ~10% pong MaclwTabmpyemMocTu rno KayecTsy

= [1n9 yCKOpeHns1 CKOPOCTU KOAMPOBAHUSA MOXHO
Mcnosib3oBaTh Single-loop prediction BMecTo
multi-loop

32
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i Copaep>kaHue

= BBegeHue
= HekoTopble anroputMbl n3 H.264

= PaclwumperHuna H.264
= FRExt
= SVC
= MVC

= HoBbIM cTaHaapT H.265
= BbiBOAbI

33
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i Multiview Video Coding

= Multiview Video Coding (MVC)
= PacwumpeHune npuHaTo B 2008 roay

= OCHOBHbIe naen:
= Vlepapxnyeckaa CTpykTypa Kaapos
= Koppekuusa ocBelleHHOCTH
= BekTop obuiero ancnapurera

CODING TECHNIQUES IN MULTIVIEW VIDEO CODING AND

. ] ] JOINT MULTIVIEW VIDEO MODEL, Ying Chen et al, Picture 34
CS MSU Graphics & Media Lab (Video Group) cqding Symposium, 2009.



Multiview Video Coding

Nepapxmnyeckas CTPYKTypa KaapoB

™ T9 Ti10 T11

—

S0 n s n
"

S1 b B b

L Ly

g 0o
- J

S3 ] [« [ »

— T

S5 : b |

A A

EE = 2 D L B 'p-“

ST h-u-i = h-u

35
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Multiview Video Coding

BbipaBHMBaHWE OCBELEHHOCTH

= [lepen BbluncneHnem SAD cpeaHAasa ApKOCTb
TeKkywero n pegepeHcHoro 6s10kKa
NpuBOAUTCA K OAHOMY 3HA4YEeHUI0

= /ITOroBoe 3HavyeHme pa3HOCTN CpeaHUX
SPKOCTEN NULLETCH B NMOTOK

36
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Multiview Video Coding

BekTop obllero agncnapureTa

= Bbluncngem sekTop obuiero cMelleHuns
TeKyLlero Buaa OTHOCUTENbHO COCeAHEro

= [lMWeM 3TOT BEKTOP B MNOTOK
= Motion skip: mv,,, = dv + mv

CS MSU Graphics & Media Lab (Video Group)

cur Neighbor
view

Current
view

TO (current)

___________

Current

macroblock

37




Multiview Video Coding

Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

MS — Motion skip

IC — Tllumination correction

CS MSU Graphics & Media Lab (Video Group)

MVC vs Simulcast MVC vs MS MVC vs IC MVC vs MSHIC
Sequence Bit-rate | APSNR | Bitrate | APSNR | Bitrate | APSNR | Bitrate | /APSNR
Akvo&Kavo 34.23% -1.430 -5.74% 0.294 -6.17% 0.320 -11.48% 0.598
Ballroom 32.29% -1.105 -1.86% 0.073 -1.90% 0.072 -3.68% 0.144
Exit 16.05% -0.407 -3.13% 0.087 -2.95% 0.079 -0.12% 0.168
Racel 27.00% -1.015 -4.88% 0.208 -10.67% 0.462 -14.58% 0.652
Rena 26.94% -1.051 -7.17% 0.33 -7.07% 0.341 -12.89% 0.635
Breakdancers | 12.80% -0.279 -3.06% 0.066 -6.43% 0.141 -8.69% 0.191
| Flamenco? 12.42% -0.526 -4.53% 0.211 -2.89% 0.135 -7.33% 0.354 |

Uli -0.54% 0.022 -1.26% 0.050 -1.43% 0.056 -2.88% 0.114
Average 20.15% -0.724 -3.96% 0.166 -4.94% 0.201 -8.46% 0.357

38



Multiview Video Coding

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaThl

46.0
45.0
44.0
43.0
42.0
© 41.0
P 400
39.0
38.0
37.0
36.0
35.0

(dB)

Avg

—— Simulcast
—=—MVC

+

<

w
+

O
|

600 800

Avg Rate (kbps)
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= BBegeHue
= HekoTopble anroputMbl n3 H.264
= PaclwumperHuna H.264

= HoBbiX cTaHpapT H.265
= BBegeHue
= Intra coding
= Decoder-side motion vectors derivation
= ANTTOpUTMbI PUNBbTPaLINK

= BbIBOAbI

40
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i HoBbIM cTaHaapT H.265

H.265 nnn NGVC (Next-generation Video Coding)
= Pa3pabatbiBaetca VCEG (ITU-T Video Coding
Experts Group)

= [nobanbHas uenb: goctnydb 50% yny4ylieHus
CokKaTtus no cpaBHeHuUto ¢ H.264 High profile
Npn TOM e KayecTse

= [eKkylasa uenb: Hackpectn 3tn 50%

Requirements for Next-Generation Video Coding Standard, Shun-
. . . ichi Sekiguchi, Yoshihisa Yamada, Yoshiaki Kato, Kohtaro Asai, 41
CS MSU Graphics & Media Lab (Video Group) 1okumichi Murakami, VCEG-AI30, Germany, 2008



i HoBbIM cTaHaapT H.265

[lymau o 3aBTpallHEM AHe ceroaHA!

= POCT BbIUMCNUTENBHbBIX MOLLHOCTEN

= 3aKOH Mypa
= GPGPU

= Y/lydllEeHMe XapaKTepUCTUK AUCMNIEEB U KaMep
= Pa3pelweHue
= LiBeTonepenaya

= PocT nonynsapHOCTU MOBUITbHBLIX YCTPOUCTB
c noaaep>xkon snaeo (3G cetn)

CS MSU Graphics & Media Lab (Video Group) 2



i HoBbIM cTaHaapT H.265

Yero »xaaTb OT HOBOIo CTaHAapTa

CS MSU Graphics & Media Lab (Video Group)

OcHoBHOM ynop Ha opmaT YUV 4:4:4
= TakxKe noaaepxka Ao 14 6uT Ha KOMMNOHEHTY

HoBble METPUKU KayeCTBa, OCHOBaAHHbIE Ha
NCXOBN3YyaJ/iIbHOM BOCIPpUATUN

Pa3speweHue smaeo ot VGA go 4K
Scalable Video Coding

Pa3YMHaFI BbIUNCITUTENIbHAA CITO>KHOCTb
And NnoAAEP>KKU YCTpOl\/JICTB Pa3/IN4HbIX TUMOB

YCTOMYMBOCTb K OlmnbKaM nepeaaydu

43



= BBegeHue
= HekoTopble anroputMbl n3 H.264
= PaclwumperHuna H.264

= HoBbIM cTaHaapT H.265
= BBepeHune
= Improved intra coding
= Decoder-side motion vectors derivation
= Adaptive loop filtering

= BbIBOAbI

44
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GRAPHICS & MEDIA LAB

i Improved intra prediction

= [lnkcenu intra-6n1oka MOXXHO npeackasaTh Ha
OCHOBE COCEAHUX MUKCENEN

X A B CDEF G H

|l 'la b ¢ d

J|le f g h

Kli § k || &—

L m n (9] p anﬂCKESbIBEEMbIE
NMMKCEIn

= B NoTOK NuLeTcs pasHuL@ MeXAay UCXOAHUKOM
1 pe3ynbTaToOM NpeacKasaHus

. . . Improved Intra Coding, Marta Karczewicz, VCEG-AF15, USA, 45
CS MSU Graphics & Media Lab (Video Group) >q07



GRAPHICS & MEDIA LAB

i Improved intra prediction

pi— NpeacKasblBaeMbIv NMUKCESb
n n
_ di d S —  COCeaHue nuKcenu
pi =) wi's; [ D wi >
j=1 j=1 W

', — Beca B 3aBUCUMOCTM OT CBOWCTB
coceneun

Habop Becos wd; HasbiBaeTca prediction mode

Habopos Bcero 9

= VIToroeas pasHuua o4eHb CUJIbHO 3aBUCUT OT
HanpaB/eHNa NpeackasaHus

= YeM aanblie nmkcenb OT rpaHunLbl, TEM
bonblle BeM4nHa OLLNBOKU

CS MSU Graphics & Media Lab (Video Group) %



GRAPHICS & MEDIA LAB

i Improved intra prediction

= [1na Kaxaoro prediction mode npeanaraercs
MCroNb30BaTb OTAEMbHOE LETOYNUCIEHHOE
npeobpa3oBaHue

= [lpyroe ynydweHue: ecnm Bce 610KU
MaKpobioka UMeloT OaMH U TOT Xe prediction
mode, nncaTb 3Ty MHPOPMALIMIO TOSIbKO Ha
ypoBHe MaKpobJioKa

CS MSU Graphics & Media Lab (Video Group) A



Improved intra prediction

Pe3ynbTaThl

Table 1: Coding efficiency results for CIF sequences.

Sequence ABitrate (%)
Mobile -6.92
Football -9.80
Harbour -12.42
Foreman -6.31
Crew -8.27
City -9.17
Bus -10.02
Paris -6.07
Tempete -9.04
Average -8.67

Table 2: Coding efficiency results for 4CIF sequences.

Sequence ABitrate (%)
Soccer -8.29
Harbour -14.7
Crew -7.80
City -12.36
Average -10.81

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

I-frames only

48



= BBegeHue
= HekoTopble anroputMbl n3 H.264
= PaclwumperHuna H.264

= HoBbIM cTaHaapT H.265
= BBegeHue
= Improved intra coding
= Decoder-side motion vectors derivation
= Adaptive loop filtering

= BbIBOAbI

49
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Decoder-side
i motion vectors derivation

= He nucaTb BEKTOP ABMXXEHUSA B MOTOK, €CIN €ro
MOXXHO MONYy4YMTb BO BpeMs AEKOANPOBAHMS

= Vicnonb3oBaTh yXXe AeKoaAupoBaHHbIE AAHHbIE
= [Ipon3BoANTbL NOMUCK COMNOCTaB/ieHneM o0bpasLoB
= [0N1bKO P-Kagpsbl

A

Template Size M

\
A

Target Size N

\J

. . . Fast Decoder Side Motion Vector Derivation, Steffen Kamp, 50
CS MSU Graphics & Media Lab (Video Group) Benjamin Bross, Mathias Wien, VCEG-AJ18, USA, 2008



Decoder-side
i motion vectors derivation

Bbibop BeKTOpOB
= Motion Vector Predictors, 2 nn6o 4 (Full search)

= MV 13 neBoro n u3 npaBoro-sepxHero 6/10K0B
Kak kaHanaaTbl (Candidate search)

C' C
A

Current
DMVD Target

CS MSU Graphics & Media Lab (Video Group) !



DMVD

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaThl
I
Results — IPPP-High — BD-Bitrate [%] “qh]
Sequence Resolution |DMVD DMVD DMVD DMVD DMVD DMVD
2 Hyp, 2 Hyp, 4 Hyp, 4 Hyp, 2 Hyp, 2 Hyp,
FullSrch FullSrch FullSrch FullSrch CandSrch | CandSrch
Range 1 Range 4 Range 1 Range 4 noSubPel | SubPel
foreman CIF 30Hz -5.8534 -6.5985 -6.5482 -7.7978 -5.1598| -6.0472
mobile CIF 30Hz -2.8640 -3.2016 -5.0458 -5.4924 -3.9170| -5.3951
paris CIF 15Hz -1.1907 -1.6025 -1.5916 -2.0272 14172 -1.6776
tempete CIF 30Hz -2.8025 -2.7669 -4.5123 -4.4590 -3.1945| -5.2439
bigships 720p 60Hz -7.9363 -8.1042| -13.5780| -14.1659| -11.0936| -13.0173
city 720p 60Hz -7.5944 -9.0854 | -14.2484| -17.1830 -9.7276| -11.1180
crew 720p 60Hz -5.2241 -5.4089 -6.9888 -7.3916 -6.5614| -8.1428
night 720p 60Hz -4.2829 -4.6359 -6.5035 -7.3306 -5.5038| -6.0871
shuttlestart 720p 60Hz -4.8925 -5.0851 -8.7144 -9.4766 -8.2306| -7.4994
rollingtomatoes | 1080p 60Hz -1.2173 -2.4582 -1.0809 -3.2584 -2.2885| -1.1816
CIF -3.1777 -3.5424 -4.4245 -4.9441 -3.4221 -4.5910
Average HD -5.1913 -5.7963 -8.5190 -9.8010 -7.2343| -7.8410
Overall -4.3858 -4.8947 -6.8812 -7.8583 -5.7094| -6.5410
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= BBegeHue
= HekoTopble anroputMbl n3 H.264
= PaclwumperHuna H.264

= HoBbIM cTaHaapT H.265
= BBepeHune
= Improved intra coding
= Decoder-side motion vectors derivation
= Adaptive loop filtering

= BbIBOAbI
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i Adaptive loop filtering
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i ool Buffer "T Loop Filter ‘— Deblocking —» Post Filter
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http: .h265.net/2009/08/adaptive-post-loop-filters-in-
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‘L Adaptive loop filtering

= Micnonb3yem punbTp BuHepa

= [1nsg nonbopa KoadhdULMEHTOB peLlaeTcs
ypaBHeHue BuHepa- Xorlcba

cost = E[R'(i,j) — I1(i,)]? -E[Z Z fk,DRG,j) — 1(i,)]?

K=—Ki=-L

GE[R'(i,j) —I1(i, ))? _ OE[Xi=_x 1= f(k, DRG, ) — 1G, D)? _
af (k1) N af (k1) N

= [pn KOAMpPOBaAHMM KOIDPULIMEHTOB MOXKHO
COKOHOMUTb 3a CYET UX CUMMETPUM
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Adaptive loop filtering
Quadtree-based ALF

Layer O

Layer 1

Layer 2 Q
& O
Layer 3 0 Q OQ 0 0@
YND/IND/ING
Layerd DD DD DOXD

O block_partion_flag <> filter _block_flag

[lepeBo CTpoOUTCA Ha OCHOBE MUHUMM3ALIUK
beHKU.V”’I R + )\D Specification and experimental results of Quadtree-based

Adaptive Loop Filter, Takeshi Chujoh, Naofumi Wada, Takashi

. . . Watanabe, Goki Yasuda, Tomoo Yamakage, VCEG-AK22, Japan, 56
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Adaptive loop filtering

Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

7 Table 1 ABitrate for luminance
IPPP IbBbBhBbhP Average
Sequence Size ABitrate | APSNR | ABitrate | APSNR | ABitrate | APSNR
(%) (dB) (%) (dB) (%) (dB)
Paris CIF 2.02| 0.108 0.70| 0036
Foreman (352x288) 5.66 0.241 2.80 0.123
Mobile 6.53 0.341 7.86 0.367
Tempete 3.24 0.153 4.23 0.171
flower4 WVGA 6.81 0.274 551 0.203
keiba3 (832x480) 5.96 0.246 410 0.186
nuts5 8.29 0.257 4.90 0.160
Janine1_8 XGA (1024x768) 7.52 0.297 7.56 0.290
BigShips 720p 6.23 0.182 8.54 0.223
City (1280x720) 12.25 0.402 10.26 0.340
Crew 6.50 0.166 6.93 0.168
Jets 9.11 0416 222 0.110
Night 6.26 0.243 4.79 0.183
Raven 16.00 0.646 9.10 0.351
CrowdRun 1080p 3.80 0.170 3.83 0.158
ParkJoy (1920x1080) 4.95 0.247 4.38 0.187
traffic 3.88 0.171 3.05 0.144
toys_and_calendar 13.14 0.325 8.20 0.224
sunflower 30.07 1.284 18.92 0.846
Average of CIF, WVGA and XGA 5.75 0.240 472 0.193 524 0.216
Average of 720p and 1080p 10.20 0.387 7.29 0.265 8.75 0.326
Total average 8.33 0.325 6.21 0.235 7.27 0.280
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= [lpenmyuwlecTsa H.264

= 3aMETHbIN NPUPOCT B KAYECTBE OTHOCUTESTbHO
npeablayLwmx CTaHaapToB

= [MOKOCTb M paclLMpsIeMOCTb
= J1oNnrocpo4yHoOCTb

= [loanepxxka npomnsBoanTenen

= Llenn H.265

= AZIANTMpPOBATbCA NOA TEXHOMOrMN ByayLLero

= Paspabotatb HOBble Noaxoabl ANns ynyylleHus
TEKYLUMX pe3ynbTaToB
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i Copaep>kaHue

= BBegeHue

= HekoTopble anroputMbl n3 H.264
= PaclwumperHuna H.264

= HoBbIM cTaHaapT H.265

= BbiBOAbI
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