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01. H|C| ZE HEZ= 7|7: JVET (Joint Video Experts Team)

| MPEG (ISO/IEC JTC 1/SC 29)} VCEG (ITU-T SG 21/ Question 6)2| 25 $2i E|OZ At otz 2w XS} 43

A<D

\,‘/ |

MPEG (ISO/IEC JTC 1/SC 29) VCEG (ITU-T SG 21/ Question 6)

« JVT (Joint Video Team) 5! JCT-VC (Joint Collaborative Team on Video Coding) Al&
+ '03E AVC (Advanced Video Coding), 133 HEVC (High Efficiency Video Coding) 5! '20'F VWC (Versatile Video Coding) &2t 2t=
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| HICIR &/ E&2 MPEG-10lA H.266/VVCHHXA| 2 1014 7|2 U6, sk & X[t 21| off MICHOICE of 50%4] 2= 25 SHAA %=

rlo

02.H.264 [ AVC (2003) 04.H.266 / VVC (2020)

o QIE{Ul AER|UTHHD 2ElIX Hg £7 * 8K, VR, HDR & XHMICH B4 7|= ThE

« MPEG-2 CHH| 2f 50% H|E& &2t « HEVCCHH| %|c 50% 27t H|E B2t

« IPTV, YouTube, HLS SOIM T &2 * 8KY35, VR/AR HDR, 360° & X&

e ®
o H i
01. MPEG-1/ MPEG-2 (1990s) 03.H.265/HEVC (2013) 05. 4™ SE Q9f

+ MPEG-1: CD-ROM &4}, VCDO{| AF2 * 4K/UHD 2&Ix 2hit * MPEG-1-> MPEG-2 > H.264 - H.265 - H.266
* MPEG-2: EIX|2 &%, DVDO| ALE « SHE 37 YH 22 of 50% T (vs H.264) « 10 F7|Z M EE SE

« SD/HD 2H& X|@l, VCD-DVD-DTV & &€& « 4KHE OTT MHIA SH HE » U= 28 2 50%M e, nold- s S flot
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x = — = =
ef=E 4ol st BZEHE A
Evolution of Video Coding Standards BE Eg:isls 4 o4 F9 #48 MHL / HE A Ll
‘ ! MPEG-1 1993 sD VCD, £7|3 LA € B|H2 Hz=o| g8 ORI HI
L T Sl e e | H.286/VVC (2020-2025) (CD-ROM %‘g] o 0"—_’} m=
265 HEVC 265/ HEV . (2013—2020) MPEG-2 (H.262) 1995 SD / HD DVD, CIAIE TVDVE, ATSC), 2 220 AT ofAoM 2
4 gs HECHEECE ME
H264AMC M2 EHAVE(2003-2013) H.264 / AVC (MPEG-4 2003 HD YouTube, Netflix, Huly, IPTY, SIHY 22y 5
. Part 10) Blu-ray, Zoom, WebRTC & oo #y BE
MPEG-4 MPEC-4.{2000—2020) H.265 / HEVC 2013 4K / UHD HEA O=L+, 0iSTVve & 1=g gE22 st
AK/HDR 2~E2|2, UHD 2=, Fuk Zhit
2ORETY, BHiY L 3
MPEG-2 MPEG-2 (1995~ 2005)
H.266 / WWC 2020 8K /VR /HDR/ Tencent Cloud, Fraunhofer, MY 2= 4 22
0 50 100 150 200 250 300 350 200 450 360° Huawei, Samsung EiA3H O 25, &8s =7|
Relative Compression Ratio (higher is better) =24, RO 8K/VR AE2]Y o
[ _J.\_ L= S = A~ o 5 = =d o
* MPEG-2:= L2 &St DVD AlFOM 71 2| dE8otel BEOZ, H MA| S = 8l S M tiM|Q] 7[Hhs H-J5HH CIX[E S Altie] 22EO0| £|US
| = A o =] ! =
* H264/AVCE RFEEIZSEAIPTV S 52 AE2|Y ME|A0| HEE|H, CIX|E B&1t 210! S MUES ZLHOZ AR /Y 342 #&5Y
D~ A -
* H.265/HEVC= 4KHDRVR MH|AZ =T MEE|H, OTT, A0tETV, 2ctRE O|C|0] SSHE SO Y Vs2 d8HCZ JE0E1 S
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ZE H| 1 (10Mbps vs 6Mbps)
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USHE! CiH| H| E HZE H|w (6.5Mbps vs 3.8Mbps)

EVC

MP / 3.8Mbps

N ’




™

1)

Global ICT Standards Conference 2025

05.H|C|Q Y BEAF

| BIEAEY + [|2LS%

Source
»  Pre-Processing > Encoding
j,’ ---------------------------------------- -'\\
: : ) I :
Destination Post-Processing ! : . !
“ , Decoding |
& Error Recovery . |
|
: Bitstream :
]
\ ’
N e o e e e N M S N M S M N S S -

Scope of Standard
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« QIE2} 0| (Intra Prediction): 8¢ Z2j|g) L) oI S 7|8t 0l &
OIE{ 0f|Z (Inter Prediction): O|F 2| (E= 0] =) 7|He] 2ZQ =1
(Motion Estimation) %! 222} E4 (Motion Compensation)
o ZHXb Al (Residual Calculation)Cl| B &l SAME M| HAF ZHo| XIO|E A4t
« 2 Ol QFRIe} 7|
« H3 (Transform): 0i|Z QAHTIAHE DCT 59| YWHOZ Fht HHOZ HEt
« X2} (Quantization): HEEE E0 H|O|E HIEE ZAA|A
. ez 238}y

. B BEY A Y BlEAER MY

. TR

. SE A9 A2t Sxieiaz g H
. DM Ol IfElS B ZX A

e e e e e ) Encoder Control

Coding Quadtree Residual Quadtree T 2
with i
1
1

Coding Blocks

with r‘“"‘“““‘“'—“‘—J] 2
aD; s
Transform Blocks -

L et e e

Transform, CABAC Output
>g Scaling & I—> Entropy —> oo110..
- Ouantlzatu?n x Coding Bitstream
[
i 1 .
i o Quantized
Decoder —
Subdivision into 1 Scaling & ganf?mrmt
Coding Tree Blocks | Inverse Transform b L
ok | :
|| o
. awp i
Intra-Picture |
\ ot Prediction | i
¢ \ T y i
,') i In-Loop Filter |
Inter-Picture
Prediction Putput
Input Pradiction Blocks Video Signal
Video Signal

Motion Estimation

Decoded Picture Buffer

HEVC QI3 =5 CHo|o{aH

* Sze, Vivienne, et al. "High efficiency video coding (HEVC)." Integrated circuit and systems, algorithms and architectures. Vol. 39. Springer, 2014. 40.
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HIC|2 O S2[A|0]d Hete| Cfety

View Angles &Depth

Time/Frequency

Spatial Resolutions

X,y

Quality
q

o e

[Past | Now [ea e [N

HIC|2 oS 2[A[0] M U7 et

*Zhang, Yun etal. "Machine learing based video coding optimizations: A survey." Information Sciences 506 (2020): 395-423.
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SHZEAET 7|8 Hoet 8 5535} U= MBIt Bosl 8l 250t 24 J|E SR7|{t H=29 §l S99 7|E
+ SR AN 9l =R |t Bt ol 258 7|8 . AFYS G DR Q4 7| T . P2 A MBS0 I E S 52
- HIC|Q 3 7|z MEY 25 S BT HE « OfF, Het BERS VsS 7|E 2E0 M8 « MEY VR LHES TSI HO|0[X| e e =
....... Vlnput -Recsrz:tﬂign J - - , Bitstream
Latent et O s -
vector
' . - InvQ /InvT
| oF TP
QA S} s * * Original sequence VTMvII_D Encoder VTM-11.0 Decoder Output pictures

o -
e

et Reconti)

\: _— : MEMC |« = filter )
. r o : Reconstruction
I g ¥ Post filter }-—
2 5317|(Encoden) E3535}7|(Decoder)
-17 -
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03. JVETO|M NNVC 715 &5

| NNVC (Neural Network based Video Coding) Adhog $=&!: 2020 78

NNVC Contributions per JVET Meeting (Oct. 2020 ~ Jul. 2025)
60

501

s
o

# of Contributions
w
o

N
o
T

10r
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M HEYST 1E WA U 2 S
bl [

=
QITL/LI A LAl 25 MY FHOM Mg S8t 45 ol

P ~. Reconstructed
YUV video f i Model ) Bitstream ( """""""""" : YUV video

rLEncoder ‘ J IDecoderi‘ Model J >

NNVC 2| mgj|le/=
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Floating —point Integer—point

operation-based > operation-based

Model Model

h
|
oA
I
H1
T
oX




1}S)

Global ICT Standards Conference 2025

05. M3Y I3 7&F V3 T3

£ Pytorch / U C++ 7|8 B4H 2 J|ut o HY
QITIL/C| A LA BS ME ZHOM M 2

o
ofm
Of
x

s
I

‘ Trained i Trained ._
) i Model.onnx ! ( W i Model.sadl !
J : 1 Converter J : g

Training (
Data
1 Pytorch

pE— } Reconstructed
YUV video f i Model ) Bitstream f 7 YUV video

Encoder J rtDecoder | Model J

<
o
o
@
v
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06. NNVC Software

| XFMICH HIC| @ Y HES £H|St= NNVC Software

1}S)
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@ ARMICH HICIR 2E BE F=H|Q| HRY

* VVC/H.266 O|= X{M|cH B|E|Q 2 #ES ZH|

—

ot

7| fol XM HEEO| HEE A= odEl= 43S

El NNVC AILERI|0{0f| xHEH 2k et
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| NNVC 7t 22| Software 70 2N

Version Key Technologies Adopted Release Time
NNVC-1.0 - Loop filter set 0/1 1st half of 2022
NNVC-2.0 - Loop filter + encoder optimization 1st half of 2022
NNVC-3.0 - Encoder-side optimization 2nd half of 2022
NNVC-4.0 - Super-resolution (SR), Post-filter, Intra NN, Low complexity intra prediction 1st half of 2023
NNVC-5.0 - Unified filter for HOP, Low complexity filter (LOP) 2nd half of 2023
NNVC-6.0 - HOP Stage 3 tools and training dataset Q12024
NNVC-7.0 - SADL v7, Luma/Chroma balance (AF0155), LOP.2 improvements Q2 2024
NNVC-8.0 - SADL v8 (AG0109), HOP3 (AG0174), Unified SR filter, Scaling clean-up Apr-May 2024
NNVC-9.0 - LOP.3, VLOP, Enhanced SADL, Integrated HOP4 Mid 2024
NNVC-10.0 - Adaptive LOP3, HOP5 adoption, VLOP2 model Jul-Aug 2024
NNVC-11.0 - LOP4 introduction, HOP5 enhancements, SADL updates, includes VLOP3 model Q12025
NNVC-12.0 - LOP5, SADL v12, Content-adaptive filter Q2 2025
NNVC-13.0 - LOP6, SADL v13, ALOP integration, cleanup and restructuring based on VTM 23.9 | ¢ August 2025 (Latest)

- 25 -
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06. NNVC Software

| Study and Maintain SADL: https://vcgit.hhi.fraunhofer.de/jvet-ahg-nnvc/sadl
| NNVC Software: https://vcgit.hhi.fraunhofer.de/jvet-ahg-nnvc/VVCSoftware_VTM/-/tree/master?ref_type=heads

©NWVE-9.1rc v | VVCSH

Merge branch ‘update_epochs._jvet_ah006" into "VTM-11.0_nnve’ [+:+ N by
Y e e - © | ebozozs (o) el Seass0a7 |
Franck Galpin authored 1 month ag R yunti od 1 month a g
Forked f . W
¢ o ) - g Forked from '
3 30 of the ups 231 ahead of a
Name Last commit Lastupdate Narse Last commit Last update
Baclg Hop: monih aga
B3 emake/CMakeBuild 4 months ago B3 NnifSet1_Additionalinter or JVET-AC0177
Badoc g0 B3 NnifSet_Combinedintrainter it moded paths of filter set
B3l S years ago Eannifserc anges (JVET
E3modets 90 E3adaptive_lop2 JVE adaptive loop filte
Baseurce manth ago Eintra Missing ifs files 1year ago
Batraining month ago Bintra2 tion with red & months ago
& sadl @ 984728cF ago B3 post_fitter 1year ago
clang-format miss iles 5 g0 B3 super_resolution 5 months aga
cproject miss L ? years ago NnifSet0_model_float.sadl ~ LFS JVET-AC EE1-1: More refinen 4 in-100] 1year ago
editorconfig missing dot-files > years ago NnlfSetd_modeL int16.sadl  LFS 194 (EE1-1%: N fi 1year ago
flakes 1year ago
© gitattributes er models 2m
& gitignore Bug fix: update number of epochs for JVET-AH0096 e
M authored 1n )
# gitlab-ciyml Align python pep8 1year ago
© gitmodules L module 1year ago g Fonea fom e .
project miss, les years ago )
pydevproject e v Name Last commit Last update
B CMakeLists.t Fix bulld in ARM #87 0
© COPYING eors e £ data,_loader De
Makefile month ago B example stage 1branct 1year aga
+ README.md 8 months ago Blteols %0
" dev_notes_hop.md 1year ago B3 waining_scripts Bug fix e numby hs for JVET-AHO0S6 g0

- 26 -
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06. NNVC Software

| NNVC Software A&l 7|=

BT 7|dE HEE 7= L L g (B MBL T SHAE HE s
* NN based |n—|OOp Filter (ngh CompleX) ¢ NN based Intra Prediction .
+ NN based In-loop Filter (Middle complex) + NN based Inter Prediction * NN based Super Resolution

* NN based In-loop Filter (Low complex)
» NN based Context Adaptive In-loop Filter
» NN based Context Adaptive Post Filter

I

n

™ grpldx,
e, b ar :
% w o O » grpldx,
VX[,
ng X | preprocessing fh,w(-i 0,,,) > repldx
o
= »
:‘ ? | ; :3
: g
Y | R =l |s"
Y postprocessing (o
................. ; = o
ke = e 2
— 2
’1 " v £5 ¢
S
M —
2 k g ][5
€n ! = = R
v - o E -
w

'
CONV 42
1x1,d,

- 27 -
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| Combination with deblocking filters

Bitstream
l In-loop Filters [ 1
! Deblocking Filter
. Sample . — g
Entropy Inverse Inverse A I'“"'“M":'”'"i| . Deblocking ! . Adaptive ||
Decoding Quantization Transform "'tgcglri':;m Filter i Ag‘}?;;:c "1 Loop Filter T_'
| 1
N ——— ! //“ “\
— SAO ALF I
| N,
. Intra
\ Prediction
i
H
[
\'F\ Inter Decoded Rl
o ~— 550 = Picture
- Prediction Buffer

CISE ZEQFNNVC HE Q| Hat 2(X]

- 28 -
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07. {FY 7[ut QI TE

| Pre-processing of chroma

Channel Y Channel ¥
Up-sampling _

Channel U > — _ — Channel U
Up-sampling

Channel V > - Channel V

CISE ZEQFNNVC HE Q| Hat 2(X]
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08. AT 7|8 =X 2[2E

| NN based Context Adaptive Post Filter

R structi
General — _['yigeo encoding cooemen Pre-training |—> Pre-trained CNN —————
video dataset -

Target - - Reconstruction - l - .
. .g —— | Video en-::c;dmgll » Fine-tuning |—» Weight-update -
video sequence =
Video encoding +

. Fine-tuned CNN J
post-processing

Rebuild CNN ;
filter support :

L

-

A\l
(( )) Weight-update

Bitstream ——— —————— | Rebuild CNN

Fine-tuned CNN

Video decoding + Filtered
»| post-processing —— tiered
filter support reconstruction

Bitstream

HSH HUEL 7 =Xz 2E M8
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st Random Access All Intra Total KMAC,/p Total Param ( Source
Y U \Y Enc Dec Y U Vv Enc Dec xl Mprm)
NN-Intra & LOP NN-filter
[ NNVC-13.0(LOP6) -8.2% -149% -135% 1.1 28 -929% -15.7% -155% 1.6 23 21.4 1.5 [VET-AM0014 )
NNVC-12.0(LOPS) -8.2% -15.3% -13.5% 1.2 35 -9.2% -158% -155% 1.6 26 21.4 1.5 IVET-ALOO14
NNVC-11.0(CALOP4) -8.5% -18.0% -17.1% 2 36 21.6 1.5 JVET-AK0311
NNVC-11.0(LOP4) -7.6% -14.3% -13.2% 1.2 36 -8.6% -154% -15.7% 1.7 24 21.6 1.5 JVET-AK0014
NNVC-10.0(LOP3) -7.4% -13.6% -11.6% 1.2 34 -8.5% -14.3% -14.0% 1.7 Y 21.7 1.5 IVET-AJ0014
NNVC-9.1(LOP3) -7.3% -13.1% -11.3% 1.2 81 -84% -14.2% -139% 1.7 49 24.8 1.72 JVET-AI0014
NNVC-8.0(LOP2) -6.9% -13.2% -12.1% 1.2 73 -81% -133% -13.4% 1.7 44 24.9 1.55 JVET-AHO0014
NNVC-7.1(LOP1) -6.9% -13.2% -12.1% 1.3 86 -81% -13.3% -13.4% 1.8 56 24.9 1.55 IJVET-AGO014
NN-Intra & HOP NN-filter
[ NNVC-12.0(HOP5) -14.2% -19.6% -20% 2.5 1135 -13.7% -15.9% -17.1% 2.5 769 471 2.7 ]V_ET-AL0014|
NNVC-11.0(HOP5) -14.2% -19.6% -20% 2.5 1135 -13.7% -159% -17.1% 2.5 769 471 2.7 JVET-AK0014
NNVC-9.1(HOP4) -14.0% -19.1% -195% 2.9 1446 -13.3% -16.2% -17.7% 2.6 853 483.6 3.0 [VET-AI0014
NNVC-8.0(HOP3) -13.7% -13.9% -145% 2.5 1092 -12.7% -11.6% -13.0% 2.4 56 473.8 2.9 [IVET-AHO0014
NN-Intra & VLOP NN-filter
[ NNVC-12.0(VLOP3) -5.8% -6.6% -5.7% 1.1 15 -7.3% -88% -83% 1.5 11 9.9 1.4 |VET-AL0014]
NNVC-11.0(VLOP3) -5.8% -6.6% -5.7% 1.2 17 -7.3% -88% -8.3% 1.7 13 9.9 1.4 JVET-AK0014
NNVC-10.0(VLOP) -5.6% -7.6% -6.4% 1.1 15 -7.2% -94% -8.8% 1.7 13 10.0 1.4 JVET-AJ0014
NNVC-9.1(VLOP) -5.3% -5.4% -5.2% 1.2 40 -71% -78% -7.7% 1.8 29 5.1 0.2 JVET-AI0014
NN-Intra & LOP NN-filter & adaptive resolution
[ NNVC-11 (NNSR) -85% -121% -10.9% -9.4% -12.7% -13.0% 26.4 1.5 JVET-AK0014/
NNVC-8.0 RPR(*) -7.5% -10.9% -9.7% -8.5% -11.3% -11.0% 24.9 1.55 JVET-AHO0014

NNVC-8.0 NNSR(*) -7.8% -11.9% -10.5% -8.6% -11.8% -11.3% 45.2 1.63 JVET-AH0014
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