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SHARP
’%Egd)%é Be Original.

* ITU-T SG16/Q6 Visual, audio and signal coding
« H.31)—X(H.266,H.265,H.264F) DEN &R FF 5 1L ET. S )—X(H.800,H.8325F ) DF#
IFBFRFEE M ORE RV E R FELEEDRTIEE
«c SEEDRE
« FE1[E ITU-T SG16&4 Geneva 2022/10/17-28

« JVET(Joint Video Experts Team)
e H.266/VVC&EH.274/VSEIDHERE. H.265/HEVC, H.264/AVCORMRIAY TF X
C SEEDRS
- %526[E JVETE4(Z) Teleconference 2022/4/20-28
- 527[E] IVETAL A (AA) Teleconference 2022/7/7-16
« %28[8] IVETE A (AB) Mainz, DE 2022/10/20-28
- %29[[] JVETEL 4 (AC) Teleconference 2023/1/11-20



SHARP

2022 FEDJIVETRE Be Original.
B26EJIVETEE(2)
(2022/4) F30¢L
09917 385 304t 117 (6)
(2022/10) 387 304t 156 (7)
B29EIUVET&A(AC) i
09371 403 304t 184 (7)

(4) Bytedance, Tencent, Alibaba, Kwai, OPPO, VIVO, Xiami, Dauha,
(H) Canon, KDDI, NHK, Panasonic, Sharp, Sony,
(2X) Qualcomm, InterDigital, Apple, Dolby, Ofinno, (FX) Nokia, Ericsson, HHI, (¥2) LGE, Samsung, ...



B R B LA (H.266, H.274)DBh SHaRP

« H.266 (V1) VVC (Versatile Video Coding)
o Bl EMRIZAERRE
* H.265/HEVC [ZxtL THI50%DMHRER £, X0 —2a0 T Y FEDOKREE .
» 20204FIZ AR
« H.274 (V1) VSEI (Versatile Supplemental Enhancement Information)
o EWRAN)—AIZANDIENTE DIFHBILIRIBERIRIE

« 20202 HEGR '

* H.266 (V2) 12-bit, 16-bit BEIZREVYNRILIR. SfEEE DLevel DYLEFR(2022)
e H.274 (V2) AlphaF v IL/T T X /ViewlD7EEDI DD BN IR B DB MN(2022)

Y3 '

* H.266 (V3) HTLWLWANILEY X T AR ED MBI LR FERDIE MN(2023F E)
« H.274 (V3) Neural network postfilterD # Bh LR T 74 E DB IN(2023F E)

Confidential 5
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VSEI: #BIHERFEHR ( Versatile Supplemental Enhancement
Information )



VSEI: Neural Network-based Video Coding (Post-filter @ Bh 53R {F3R) s;‘@ﬁp

« Za—TJIIRYNI—TE RN RANT 4L R % 1757 B LR 1B R (SEI)

2DODSEIZH LAER

- Neural Network Post-Filter Activation (NNPFA) SEI LIBE BT D0 AN EH T IFH
« Neural Network Post-Filter Characteristics (NNPFC) SEI BT 51 INT—0DIEHR

(MPEG#E#&MNeural Network CodingZ{E> T &1k)

T2 7Rt REE R IR (Hae D Bl)

SEllE., BREYRAN)— L& — B A
&I ImET B o BEFYTAUN—R4A20->444738)
o fREER L (HBEEE)
JL—ALL—KkA
Neural
VVC
encoder d(;é\éger T network —>

7y postfilter
— > ' A
SE SEI [ NNipFa sl message |
encoder decoder Lol E
NNPFC SEI message




VSELI: H.274D¥LEEIE SHARP

Be Original.

« Za—TJILAYNT—DEBWNRANI ()L ZAIBRZ 4T 5B LR B #H (SE))
« H.274/VSEI (V3)IZB IS5,

SEI% AR ERAIL—L)
Shutter interval information The CVS containing the SEI message

Neural-network post-filter characteristics | The CVS containing the SEI message

Neural-network post-filter activation Specified by the syntax of the SEI message

Phase indication Specified by the semantics of the SEI message

Post-filter hint Specified by the syntax of the SEI message




VSEI: H.266MDLEEEIE

« SEIQOIBD)EF & RO DHEBITLRIFHR(SEI)

SHARP

Be Original.

* H.266/VVC (V3)IZIBIMINBSEILFIR—SMBIISEINA Y 2—T1—X,

sei_processing_order( payloadSize ) { Descriptor
for(1=0, b=0; b <payloadSize; i++, b +=4) {

po_sei_payload type[i] u(16)

PO_sei_processing_order|[ i ] u(16)
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\J VETd)ﬁﬁﬁi %Ej Be Original.

* H.266(V2)IZ2E{bHEDERZEJEEN(EE: Exploration Experiment)

« EE1: Neural Network-based Video Coding
 Neural NetworkiZk S REBFEEBE AL =AXDMET
« EE2DFFHEHEEINT, VVCOF LWLRprofilet LALRDF S AZEEIZ B D MIRR,
« IL=TT4ILE, BEGR AT TR A7 —FH

« EE2: Enhanced Compression beyond VVC capability
o REEDFRFEALY—ILDILEER. VVCOHF LULEEEprofilet LIXRDFF B AL IZEICEA D MIER,
« ECM(Enhanced Compression Model)EFEIEN BB RY IhI T 7 & /EAR
s TEFDECM-7IL. VWCHSRYINIT7VTMELLEL T, IntraT9%. InterGi19% Nk
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EE1: Neural Network-based Video Coding
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EE1: Neural Network-based Video Coding S

Be Original.

e e | el ] el [ e | e | R

MPEG 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141

JVET H | J K L M N o P Q R S T U \'} W X Y y 4 AA AB AC

VvC cfp WD1 vl v2
FDIS FDIS

JVET NN;E &) AHGY9 AHGY9 AHGY9 AHGY9 AHGY9 AHGY9 AHGY9 AHG9 AHG1 AHG1 AHG1 AHG1l AHG1l AHGl1l AHGl1l AHG1l AHG1l AHG11, AHG11,
/CE13 |CE10 1 1 1/EE 1/EE1 1/EE1 1/EE1 1/EE1 1/EE1 1/EE1 14/EE1 14/EE1l
NNHFEZE 4 2 7 6 9 1 11 19 17 17 23 29 30 31 47 48
Loop-filter 6 11 9 8 9 9 17 14 17 18
Intra 1 1 1 2 2 1 1 1
Inter 1 1 2 1 2 2 2 1 2 2
E2E 2 1 0 1 2 1 2 1 1
Post-filter 1 2 1 3 1 7 9 15 22
Super-resolution 2 2 2 4 6 5 2 4 8 3

Other 2 1 1 1 1 1 3 1
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EE1: Neural Network-based Video Coding (2023F1H£4E) Be Original,
kMAC/pixel
a2 15 20 ol 120 240 480 Q60
-14,00 % .
HERERL ;
(better) -13,00 % | EE1-1.2-2
4 | FELLS T pp117a
-12,00 % | EE1-1.1-3 — . ]
: B ' / — EE1-1.7-2
11,00% EE1-1.10-1-SADL-ifp1.5-3-int EE11.1-2 = L EE1-1.5-24int
__ EE1-152float — [ E117a
~1000% | EF1-153float— ___i: T
5,00 % | - EF1-1.10-27FELL6 g ™
= -800% ! FE1-1.1-1 | NNVCilter set#1
Q [/~ EE1-1. lﬂ—gés‘::lhjli]léﬂ :r11t32 | — S
o] . -1.2-1 — [~ \
e -7,00% 777 . EE1-1.4-2 -
2 |/ EE1-1.10-2-SMBVEFHter set#0 ~ EE1-1.2-1
6,00 % ==
|/ EE1-1.10-1-SADL-32 |
5,000 EE1-1.11-1 | ® Loop Filt
>00% “ 01T op Filter
4,00 % : Post Filter
I
y : . [
-3,00 % : FE1-1.4-1 Super Resolution
-2,00 % EE1-3.2 : * Devices
a I RTX3090M 14

'I_&Lﬁ"é%(,\ -1,00 % EE1-2.4-1 ~N ® NN Intra
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EE1: Neural Network-based Video Coding (Loop-filter) Be Original.
« JVET-AB0O179 (Bytedance) —(O— 5 | T
» 2022/10= & THRLERNBVAO—D
e NCS-1.0 set 1(#& 3t )MResidual blocksDth B
> +
* RA11.45 % (T£8EM £ #911%) N
EncT 200%(%"]21%), — LaT
DecT 56788% (§45701%) x .
12—, AL
o h T4
BD-rate Over VTM-11.0_nnvc-2.0
Y-PSNR U-PSNR V-PSNR | EncT DecT CPU
Class Al -10.63% -19.95% -21.94% |214% 57805%
Class A2 -12.13% -23.03% -25.14% [204%  55842%
Class B -10.93% -26.84% -26.05% |212%  60144%
Class C 12.31% -26.44% -27.39% [173% 52818%
Class E
Overall -11.48% -24.60% -25.41% |[200% 56788%
Class D -13.96% -27.50% -29.42% |165%  49934%
Class F -5.63% -15.73% -15.69% |280%  25531%



SHARP

Be Original.

EE1: Neural Network-based Video Coding (Loop-filter)

NCS-1.0
VTM-11.0_nnvc-2.0X—X[ZC++TEEZE L =Neural Network X— XM Loop-Filter
3% (Set0&Set1D2FE4E)

Set0: JVET-AA0088 (Tencent) YUVZ R RFICALIE
Setl: JVET-AA0111 (Bytedance, Qualcomm, Ericsson) Y&UVZ RIlIZALIE

Random access Mainl0
BD-rate Over VTM-11.0_nnvc-2.0
Y-PSNR U-PSNR V-PSNR | EncT DecT CPU

Class Al -8.92% -15.94% | -18.51% | 210% 52791%
Class A2 -10.15% | -20.20% | -17.29% | 200% 50531%
ClassB -9.01% -23.08% | -21.77% | 209% 51646%
ClassC -9.82% -21.78% | -22.31% | 195% 50009%
ClassE

Overall -9.44% | -20.73% | -20.37% | 203% 51205%
ClassD -11.43% | -23.49% | -23.88% | 196% 47037%
ClassF -4.69% -11.70% | -10.66% | 298% 25719%
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EE1: Neural Network-based Video Coding (End-to-End ZRE=

- JVET-AA0063 (Huawei)

SHARP
E ﬁ%‘ft) Be Original.

e | EYFvIZENd2End, P EYF v, B EYFvIZVVCT, EV9F Vv EAOUYEZ
e ENd2EndizE <@Efed—Tv5(L. IIL—LA FTVWCELYEBEN-F 2L EReE 1R

9 5=, InterFHAIOPIL—LEBIL—LDE

F b REbiE NS,

« RAT4.4%MDHRER _E

Display order 0 1 2 3 4 S 6

Random Access
Test over VTM 14.0

7
Hier. level 3 H H H a

Y U Vv
1 -3.7% -1.3% -0.5%
2 -5.6% 3.0% 9.5%

/-

/’”’ ”\ e

/

Hier. level 0

Class E -9.4% 2.9% -0.6%

Codingorder 0 3 5 2 7 6

Overal

| -4.4% 6.1% 4.8%

ﬂ
p—

/ ’ Class D -1.4% 7.1% 6.8%

Hier. level 1 / / Class B -3.4% 7.6% 4.3%
o Class C -1.5% 14.7% 9.8%
4 8
|

Class F -1.5% 13.0% 12.7%

E2E image codec: | frames VVC codec: remaining frames
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EE1: Neural Network-based Video Coding (Intra¥%ifl) ZdD1

« JVET-AB0149 (InterDigital)
« Za—TJILRINT—=DIZLBAUNT T RIERE R (+ ZE R OREER T AIDTIYEZ)

~ grpldx,

w Ew > grpldx,

nal X »[ preprocessing ]L[ faw(s Onw) }* repldx
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EE1: Neural Network-based Video Coding (Intra %) £D2

« FIR—TIVET-ABO0149 (InterDigital) D4 BE

|~

L153.6 1% DR E,

SHARP

Be Original.

* EncT163%, DecT820%(=a—Z /L rybT—I3 ML TIEETEZ=F DR RE KRR

HERBEEFLREL)
All Intra Main10
BD-rate Over VTM-11.0 nnvc-1.0

Y-PSNR |U-PSNR |V-PSNR| Y-MSIM |U-MSIM |V-MSIM | EncT [():?DCJ
Class Al -4.31% | -3.67% | -4.03% | -4.54% | -3.52% | -3.86% | 153% | 636%
Class A2 -2.82% | -2.35% | -2.77% | -2.84% 169% | 755%
Class B -3.24% | -2.79% | -3.00% | -3.07% 168% | 827%
Class C -3.20% | -2.78% | -3.01% | -3.25% 165% | 993%
Class E -4.89% | -4.58% | -3.82% | -4.85% | -4.25% 157% | 875%
Overall -3.61% | -3.16% | -3.27% | -3.61% | -2.78% | -2.54% | 163% | 820%
Class D -3.00% | -2.68% | -2.88% | -2.87% 165% | 1020%
Class F -2.21% | -1.77% | -1.88% | -2.18% 130% | 498%
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EE2: Enhanced Compression beyond VVC capability



EE2: Enhanced Compression beyond VVC capability

« ECM(Enhanced Compression Model)
« ERBOFEILhERE

« VWCTEHREADA
ETHEN

F =iy —ILX Y —ILD

Local illumination compensation (LIC)
Non-adjacent spatial candidate
Template matching (TM)

Multi-model LM (MMLM)

Gradient PDPC

Secondary MPM

Reference sample interpolation and smoothing for intra-
prediction

Decoder side intra mode derivation (DIMD)

Fusion of chroma intra prediction modes

Intra template matching

Fusion for template-based intra mode derivation (TIMD)
Intra prediction fusion

Combination of CIIP with TIMD and TM merge
Extended multiple reference line (MRL) list
Template-based multiple reference line intra prediction
Convolutional cross-component intra prediction model
Spatial Geometric partitioning mode (SGPM)

SHARP

Be Original.

Extended precision
Slice-type-based window size
Improved probability estimation for CABAC

Multi-pass decoder-side motion vector refinement AN . s o

Adaptive decoder-side motion vector refinement %/D—y %iﬁg > - /HJ\ bE —>

OBMC G =ikl d / FE1t

Template matching based OBMC 4 v

History-parameter-based affine model inheritance and non-adjacent affine mode /=

Sample-based BDOF EE%TK

Interpolation - PR

Multi-hypothesis prediction (MHP) _ . Dependent quantization with 8-states

Adaptlve.reorderlng of merge candidates with template matching (ARMC-TM) Maximum Transform Size and Zeroing-out of Transform Coefficients
MV candidate type based ARMC . Enhanced MTS for intra coding

™ basgd reordering for MMV.D and af.flne.MMVD Inter MTS optimization

Regression baggd affine candidate def'Vat'O” i ; =\+ Secondary Transformation: LFNST extension with large kernel
Geometric partitioning mode (GPM) with merge motion vector differences (MMVD) / Sign prediction

Geometric partitioning mode (GPM) with adaptive blending

Geometric partitioning mode (GPM) with template matching (TM)

GPM with inter and intra prediction A1 b= ALF simplification removal

Template matching based reordering for GPM split modes o N < ALF with fixed filters

Bilateral matching AMVP-merge mode YTZE\” Filtering

IBC merge/AMVP list construction Classification

IBC with Template Matching

IBC reference area

MVD sign prediction

Enhanced bi-directional motion compensation

Motion compensated picture boundary padding

Block level reference picture list reordering

Reference picture resampling (RPR)

Reconstruction-Reordered IBC (RR-IBC)

IBC merge mode with block vector differences (IBC-MBVD)
Template matching based BCW index derivation for merge mode

A2 5—

Alternative x ALF classifier
v CCALF with long tap filter

¥4

IL—T7N
74X

for adaptive loop filter

Bilateral filter

Adaptive filter shape switch and using samples before deblocking filter
Extended Fixed-Filter-Output based Taps for ALF

Bilateral inloop filter on chroma
Cross-Component Sample Adaptive Offset (CCSAO)

20




BERAELER()  InterFE(IL—ARFE) SHaRP

RGDFA DTV —LITEDNTF ABREEMT Sl ECM(VVCLLEE) DA > 2—F B O il
« |ZL—L (Intra-coded Frame) — RAN—Y Local illumination compensation (LIC)
JL—LEFRZEANTIZRFSIESNETIL—L, AT TL—LOF—T Non-adjacent spatial candidate
L—LEEFIEN D, Template matching (TM)
Multi-pass decoder-side motion vector refinement
« PJL—/L (Predicted Frame) Adaptive decoder-side motion vector refinement
BABFADHERNTHEELEINZIL—L, Template Wed OBMC

« B7L—L (Bi-directional Predicted Frame)

BIAMRFAL BARFA. MARFTADOIBNT AL ERIRLTHEL s a
SNn3dIL—L, = - T 11— I‘ 'LEJJ—CO)

FREBEZRSEEHNEZ TS




BERF BB (2) Intra¥ A8 (JL—LRFAD

Bl—EZDTL—LIZEDWNTTRIE1EE 4 LT D

BEFHADE—TIL—LADZRER(THFR) N, FRITOY
7 OKE) DT REREERT

SHARP

Be Original.

ECM(VVCLLEE) DA U5 F Bl A DAl

Convolutional cross—component model (CCCM)
Multi-model LM (MMLM)

Gradient PDPC

Secondary MPM

Reference sample interpolation and smoothing for
intra-prediction

Decoder side intra mode derivation (DIMD)
Template based intra mode derivation (TIMD)

- 7Fa—RAITH
FRABEGEHAEZ TND
- SRREEATA LTS

22



EE2: IntraF AIREDH (2023FE1844)

SHARP

Be Original.
* Test Al RA
Y ) V Enc | Dec Y U V Enc Dec
Intra prediction

1.1 Directional planar prediction -0.04%| 0.00%| -0.10%| 103%| 99% -0.01%| -0.06% -0.09%| 100%| 100%
- Improvements on planar horizontal and planar vertical mode -0.08%]| -0.02%| -0.02%| 102%| 99% -0.03%| -0.02% -0.06%| 100%| 102%
1.3 Horizontal and vertical planar modes -0.06%| 0.00%| 0.00%] 107%| 100%|incomplete
1.4 Combination of directional planar prediction methods -0.06%]| -0.04%| -0.04%| 104%| 100% -0.02%| -0.02% -0.11% 99% 100%
16 |chroma fusion -0.03%| -0.38% -0.40% 101%| 100% 0.00%| -0.20%| -0.36% 101% 100%
1.7 |andaptive reference region DIMD -0.129 0.03% 0.009% 1159 10299 -0.05%| -0.07% -0.119 104%| 101% /47—
1.8 Location-dependent DIMD -0.05%| -0.08%| -0.10% 100%| 100%| -0.01%| -0.04% -0.08%| 100%|  99% %;
1.9 TIMD with directional blending -0.12% -0.03% -0.05%| 107% 102%| -0.07%| -0.14% -0.12% 101% 97%
1.10 Optimizing the use of available decoded reference samples -0.09%| -0.16% -0.14% 101% 105% -0.03% -0.17% -0.28% 101%| 101%
1.11a Test 1.8 + Test 1.9 -0.16% -0.09% -0.07%| 106% 102%| -0.07%| -0.13% -0.14% 100% 98%
1.11b Test 1.8 + Test 1.9 + Test 1.10 -0.23%] -0.20%] -0.21%| 110%{ 107% -0.11% -0.13% -0.19% 102%| 102%
1.11c Test 1.7 + Test 1.8 + Test 1.9 + Test 1.10 -0.31% -0.20%] -0.21%| 129% 108%| -0.16%] -0.20% -0.25% 108%| 103%
1.12a |Gradient and location based CCCM, 7-tap -0.04% -0.56% -0.59%| 100% 100% 0.00%| -0.40% -0.35% 100% 99%
1.12b |Gradient and location based CCCM, 5-tap 0.02% -0.17%| -0.27% 99% 99% 0.03% -0.07% -0.15% 99%] 100%
113 CC?M us.ing non-downsampled luma samples with encoder

optimization -0.03%] -0.19% -0.24%| 100%{ 100%| -0.03% -0.19% -0.31% 100%{ 100%
114 jccem using non-downsampled luma samples -0.03%| 0.01%| -0.04%| 101%| 100% 0.01% -0.09% -0.20%| 101% 99%



BEHERETIL(ECM-7.0) DEERE

« ECM-6.0&MD EEER
Intratd & T#91%. Random Access/

* All

Class Al
Class A2
Class B
Class C
Class E
Overall
Class D
Class F

Class
TGM

All Intra Main 10

Y
-0.57%
-1.03%
-1.00%
-0.83%
-1.52%
-0.98%
-0.65%
-0.78%

-1.81%

Over ECM-6.0
U \%
-1.41% -1.14%
-2.81% -3.34%
-2.22% -2.00%
-1.17% -1.16%
-1.92% -1.78%
-1.90% -1.86%
-0.71% -0.94%
-2.74% -2.70%
-5.38% -4.66%

EncT
121%
119%
120%
123%
125%
122%
115%
105%

102%

DecT
104%
107%
110%
121%
119%
112%
112%
105%

92%

& TH0.9% N A

Class Al
Class A2
Class B
Class C
Class E
Overall
Class D
Class F

Class
TGM

Be Original.
2= I — RN VT A=
-5 = HI
Random Access Main 10
Over ECM-6.0
Y U V EncT DecT
-0.86% -0.75% -1.37% 104% 93%
-1.08% -1.93% -2.16% 103% 98%
-0.93% -1.55% -1.60% 110% 96%
-0.62% -0.84% -0.71% 115% 107%
-0.86% -1.28% -1.43% 109% 99%
-0.58% -0.79% -0.92% 115% 105%
-1.12% -2.69% -2.59% 109% 102%
-1.05% -3.12% -2.73% 108% 99%

SHARP

24
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ECM'?O d)ﬁﬁg Be Original.
* VWCOSIRYINITTVTMED B
.&/ VAR I ) X
SA — SHE — My 3 Bt
« All Intrat&& T#99%. Random Access#&ia THI19% D == H R
_ All Intra Main 10 _ Random Access Main 10
] Over VTM-11.0 ] Over VTM-11.0
] Y U Vv EncT DecT [N Y U Vv EncT  DecT
CENY  867%  -17.52%  -24.11%  617%  348% CENE  -19.46%  -21.91%  -29.05%  583%  646%
GEVVE -1288%  -21.39%  -24.64%  576% = 348% GEVVE -21.45%  -28.23%  -31.25%  586%  894%
-7.62%  -2059%  -18.79%  630%  392% -17.65%  -28.04%  -25.93%  614%  830%
-8.12%  -1250%  -12.91%  635% 411% -19.26%  -22.56%  -22.39%  605%  892%
9.72%  -17.97%  -16.91%  619%  435%
-9.13%  -17.98%  -19.03%  618% 387% -19.20%  -25.39%  -26.67%  600% 817%
-6.68%  -10.00%  -10.01%  624% 416% -20.25%  -23.80%  -24.06%  605%  959%
-18.45%  -26.68%  -26.24%  444%  397% -22.05%  -29.05%  -29.34%  520%  556%
?SISVIS -31.47%  -38.80%  -37.65%  386%  367% ?gixf -30.00%  -35.63%  -35.75%  556%  438%



SHARP
FOMDIVET SHE)

« JVET & MPEG WG2 WG4 EH#

« VCM (Video Coding for Machines)lZ DWW CE#EL TEE)
o VCMIZEHRERBD=H DR T E 1L
« $E4EMPEG WG2 (Requirement) CiazamL TERERJEEIZ 1T, IRESE(CIP: Call for Proposal)
&R
¢ 2022/102 A TRESEITREDFT MM fTH 1L, VVCT7 2 A—IZxFL TObject tracking T K57 %.

Instance segmentation G AX45%. Object detection Tix K39% D E — M REIZK LD F S L3R
WENFER

) 4

« JVETTl&Video CodecD &N D fiiEx F & sH7=Technical Report(H.Supp.MACVC)
YER T %

- MPEG WG4 (Video)T. VCMOEEAL(Z AT =1 MR T2 175

26
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i & &) Be Original.

 ITU-T SG16/Q6 B IVETDEE)
- IEEHELTES

+ H.266/VVC (V3) 2023455 <R
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« EE1: Neural Network Video Coding
« EE2: ECM (Enhanced Compression Model)
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« VCM (Video Coding for Machines)
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