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/ƻƳƳƻƴ ǘǊŀƛƴƛƴƎ ǎŜǘΥ 5L±нYΣ .±Lπ5±/Σ ¢±5Φ
ǘƻ ōŜ ŜȄǘŜƴŘŜŘ Χ ǾƛƳŜƻфлYΣ Ŏŀƭƭ ŦƻǊ ǘǊŀƛƴƛƴƎ Řŀǘŀ 
ǊŜǎǇƻƴǎŜǎ  όǎƻ ŦŀǊ ƻƴƭȅ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴύ
/ƻƳƳƻƴ ǘŜǎǘ ŎƻƴŘƛǘƛƻƴǎΥ
ƘǘǘǇǎΥκκǾŎƎƛǘΦƘƘƛΦŦǊŀǳƴƘƻŦŜǊΦŘŜκƧǾŜǘπŀƘƎπƴƴǾŎκƴƴǾŎπŎǘŎ

Systematic study in Exploration Experiment: 
results & reports  are publicly available
SW available for MPEG & VCEG members

{!5[ Υ 
{Ƴŀƭƭ !ŘƘƻŎ5ŜŜǇπ[ŜŀǊƴƛƴƎ[ƛōǊŀǊȅ 
ǘǊŀƴǎǇŀǊŜƴǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ bb ƻǇŜǊŀǘƛƻƴǎ 
ƘǘǘǇǎΥκκǾŎƎƛǘΦƘƘƛΦŦǊŀǳƴƘƻŦŜǊΦŘŜκƧǾŜǘπŀƘƎπƴƴǾŎκǎŀŘƭ

¢ǊŀƛƴƛƴƎ ŎǊƻǎǎπŎƘŜŎƪΥ 
ŀŦǘŜǊ ƛƴŘŜǇŜƴŘŜƴǘ ǊŜπǘǊŀƛƴƛƴƎ 
ǘŜǎǘƛƴƎ ǊŜǎǳƭǘǎ ǿƛǘƘƛƴ лΦм҈ .5πǊŀǘŜ

Complexity assessment: 
kMAC/pxl, num of parameters, num of channels 
(input/output each layer) multiple 16,  far not 
perfect ΧΦ

wǳƭŜǎΥ  Ǝŀƛƴ ¬Σ ŎƻƳǇƭŜȄƛǘȅ ®

ƪa!/κǇȄƭΨǘŜǎǘΩ ¢ΨŀƴŎƘƻǊΩ όƳǳǎǘύΣ
bǳƳtŀǊŀƳΨǘŜǎǘ ¢ΨŀƴŎƘƻǊΩ όŘŜǎƛǊŀōƭŜύΣ
aǳƭǘƛǇƭŜ мс Ǿƛƻƭŀǘƛƻƴǎ ΨǘŜǎǘΩ ¢ΨŀƴŎƘƻǊΩ όƳǳǎǘύ

bƻ 
ƻǾŜǊŦƛǘǘƛƴƎΗ

https://vcgit.hhi.fraunhofer.de/jvet-ahg-nnvc/nnvc-ctc
https://vcgit.hhi.fraunhofer.de/jvet-ahg-nnvc/sadl


NNVC tools box

р

NNVC-11.0 SW tools: kMAC/ pxl NumParam, M

NNLF ςneural network-based in-loop filter 

LOP (Low Operation Point) 
CA-LOP content adaptive LOP

17 0.2

VLOP  (Very Low Operation point)
CA-VLOP content adaptive VLOP

5 0.1

HOP (High Operation Point) 466 1.4

NNIntra ςneural network-based Intra 5 1.3

NNSRςneural network-based super resolution 5 0.1

NNPF ςneural network-based post-filter 17 0.2
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EncT: ³1.1¬DecT: ³15¬(CPU)
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Parameters selection (VLOP):
d1 = 4 NY = 6       NUV= 1
d2 = 2 C Y =  32 C UV=  16 
d3 = 1 CY 1  = 96 CUV 1 =32
d4 = 1 CY 21= 32 CUV 21= 16
d5 = 1 d6 = 16
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Parameters selection (LOP):
d1 =16 NY = 14       NUV= 4
d2 = 8 C Y =  32 C UV=  32
d3 = 4 CY 1  = 144 CUV 1 =128
d4 = 2 CY 21= 32 CUV 21= 32
d5 = 2 d6 = 64
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d5 = 2 d6 = 64
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Can we really use GPU for video decoding?
Requirements:

Bit-exact computations!!!!

How to achieve?
Only integer operation (controlled in NNVC):

Training in float, inference int 16

Overflow aware neural network quantizer (not controlled in NNVC)
Even all multipliers are int 16, accumulated register can be larger than 32 bits (overflow!!!) 

Some implementation efforts:
C++ Ą SADL (most of us  stop here)

C++ Ą libtorch (most of us  stop here) ĄCUDA (need to go to this level to control GPU)

Python Ą pytorch(most of us  stop here) ĄCUDA (need to go to this level to control GPU)

Careful selection of operations:
Some operations do not (yet) have integer implementation on GPU/NPU

LǎƴΩǘ ƛǘ ǘƻƻ ƳǳŎƘΚ {ƛƳƛƭŀǊ ǘƻ {La5 ƛƴǎǘǊǳŎǘƛƻƴǎ ό9/aΣ ±¢a {² ŀǊŜ Ŧǳƭƭ ƻŦ ǘƘƻǎŜύ

10

(my estimate) using LOP of NNVC one can get ~8% BD-rate gain, less than ³1.1EncT ¬, less than ³1.5 DecT¬vs VVC

²ƘŜǊŜ 9н9 !L 
ŎƻŘƛƴƎ ƛǎΚ



LƳŀƎŜǎ ŀƴŘ ǾƛŘŜƻ ŎƻŘƛƴƎ
SIMILAR, BUT DIFFERENT

мм



How do we use imageson a Smartphone?

12



13

Iƻǿ Řƻ ǿŜ ǳǎŜ ǾƛŘŜƻƻƴ ŀ {ƳŀǊǘǇƘƻƴŜΚ



Use on a smartphone: image v̧ideo
Images Video

8K and higher 2K º4K

View for 5+ seconds
power consumption  :
decoder << screen                  

$ÅÃÏÄÅ φπϹ ÆÒÁÍÅÓ ÐÅÒ ÓÅÃÏÎÄ
ÐÏ×ÅÒ ÃÏÎÓÕÍÐÔÉÏÎ ȡ

ÄÅÃÏÄÅÒ ͯ ÓÃÒÅÅÎ                  

4ÈÅ ÏÎÌÙ ÓÃÅÎÁÒÉÏȡ
#ÁÐÔÕÒÅ Ǫ ÅÎÃÏÄÅ
ɉÚÅÒÏ ÌÁÔÅÎÃÙɊ

A) Off-line encoding
(You Tube, Netflix, TikTokȣɊ

B) Low-latency encoding

×ÅÁË ÃÏÎÆÏÒÍÁÎÃÅ ɉ°eɊ strong conformance (bit exact)



Image sharing ecosystem

iPhone 13 Pro (3 bpp)
3024 ³4032

Samsung S23 (3 bpp) 0

6120 ³8160

Google Pixel (6 bpp)
3024 ³4032

sender

ǘǊŀƴǎƳƛǎǎƛƻƴ

ƻǇǘƛŎǎ ϧ ǎŜƴǎƻǊ ϧ L{t /h59/  ŦƻǊ ǎǘƻǊŀƎŜ

Your friend never recieves what you have sent!!!!!! 

hǇǇǎΣ ŎƻƳǇǊŜǎǎƛƻƴ ǎǘƛƭƭ ƴŜŜŘŜŘΗΗΗ   .ǳǘ ŜƴŎƻŘƛƴƎ Ƴǳǎǘ ōŜ ǳƭǘǊŀπŦŀǎǘΧ

ÅWeChat* (0.4 bpp)
Å1280 ³1707

* If image transmitted w/o down-sampling 
then down-loading takes minutes!

ÅKakaoTalk(0.3 bpp)
Å1530 ³2040

ÅWhatsApp (0.3 bpp)
Å3840 ³5120

ÅTelegram (0.5 bpp)
Å960 ³1280

receiver

standardCODEC for transmission  (lower rate)
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²Ƙȅ 9н9 !L ŎƘƻǎŜƴ ŦƻǊ Wt9D !LΚ

Codec (*)

JPEG

HEVC/ H.265

VVC / H.266

LƳŀƎŜ ǎƛȊŜумсл³смнл
¢ŀǊƎŜǘ ǊŀǘŜлΦтр ōǇǇ

(*) reference SW 

CǊŜŜŘƻƳ ±±/ LƴǘǊŀ ŜƴŎƻŘŜǊ Ƙŀǎ
ÅtŀǊǘƛǘƛƻƴƛƴƎΥ
Å²³IΣ ²ΣI ÍϑпΣуΣмсΣонϒ
ÅLƴǘǊŀ {ǳōπǇŀǊǘƛǘƛƻƴ όL{tύ aƻŘŜ

ÅtǊŜŘƛŎǘƛƻƴ ƳƻŘŜΥ
Å!ƴƎǳƭŀǊ LƴǘǊŀ tǊŜŘƛŎǘƛƻƴ ²ƛǘƘ ср !ƴƎƭŜǎ Ҍ tƭŀƴŀǊ Ҍ 5/
Å²ƛŘŜπ!ƴƎƭŜ LƴǘǊŀ tǊŜŘƛŎǘƛƻƴ ό²!Ltύ
ÅaŀǘǊƛȄπ.ŀǎŜŘ LƴǘǊŀ tǊŜŘƛŎǘƛƻƴ όaLtύ
Åtƻǎƛǘƛƻƴ 5ŜǇŜƴŘŜƴǘ tǊŜŘƛŎǘƛƻƴ /ƻƳōƛƴŀǘƛƻƴ όt5t/ύ
ÅaǳƭǘƛǇƭŜ wŜŦŜǊŜƴŎŜ [ƛƴŜ όaw[ύ tǊŜŘƛŎǘƛƻƴ
Å/Ǌƻǎǎ /ƻƳǇƻƴŜƴǘ [ƛƴŜŀǊ aƻŘŜƭ ό//[aύ

Å¢ǊŀƴǎŦƻǊƳΥ
Å5/¢πLLΣ 5/¢π±LLLΣ 5{¢π±LL όǾŜǊǘƛŎŀƭ ΗҐ ƘƻǊƛȊƻƴǘŀƭύ
Å{ŜŎƻƴŘŀǊȅ ǘǊŀƴǎŦƻǊƳ ό[Cb{¢у ƻǊ пύ 

ÅCƛƭǘŜǊǎ
Å{!hΣ ![CΣ //![CΦ

Åvǳŀƭƛǘȅ ƳŜǘǊƛŎ
Å{ǘŀƴŘŀǊŘ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ t{bw όa{9ύ 
Å!Ŏǘǳŀƭ ŜƴŎƻŘŜǊ Ŏŀƴ ǳǎŜ ŀƴƻǘƘŜǊ ƳŜǘǊƛŎόŜǾŜƴ ǎƭƻǿŜǊύ

5+ hours !!!!

CPU Encoding, s

5

2689

18725

Encoder search for modern codec comes 
ŎƭƻǎŜǊ ǘƻ άƻƴ-ƭƛƴŜέ bb ǘǊŀƛƴƛƴƎ

[ŜǘΩǎ ǘǊȅ άƻŦŦ-ƭƛƴŜέ bb ǘǊŀƛƴƛƴƎ Η 



JPEG AI performance evaluation
TEST CONDITIONS, ADOPTION CRITERIA

мт



Wt9D !L ƳƛƭŜǎǘƻƴŜǎ
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нлмф 2020 2021 2022 2023 нлнп нлнр

Overview 
of existing 

Technologies

vπƳŜǘǊƛŎǎ 
ǎŜƭŜŎǘƛƻƴ

CfE
Call for Evidence

Exploration 
Experiments

CfP
Call for Proposals

Decoder on 
smartphone

5L{
5ǊŀŦǘ LƴǘŜǊƴŀǘƛƻƴŀƭ 
{ǘŀƴŘŀǊŘ

L{
LƴǘŜǊƴŀǘƛƻƴŀƭ 
{ǘŀƴŘŀǊŘ



How to ensure against overfitting?

мф

JPEG AI Test Set: 
50 camera 

captured images

!=
Training Set: 
120K+ patches from 5000+ 
camera captured images
17K+ synthetic patches 
from screen content and 
generated

Validation Set: 
350+  images

For camera captured content 7 metrics (MS-SSIM, VIF, VMAF, IW-SSIM, FSIM, psnrHVS, NLPD) measured, BD-rate computed

Not 
enough



Wt9D !L ŀŘŘƛǘƛƻƴŀƭ ¢Ŝǎǘ {Ŝǘǎ

ос ǎȅƴǘƘŜǘƛŎ ƛƳŀƎŜǎ

20

мн I5w ƛƳŀƎŜǎ

For synthetic data: 7 metrics & visual tests, for HDR 7 metrics, HDR VDP-3 & visual tests

Not 
enough



JPEG AI crashtest set

12 very challenging images

нм

Wt9D !L 5L{

Seems 
enough



Iƻǿ ǘƻ ŜƴǎǳǊŜ ƭŜŀǊƴŀōƭŜ ŎƻŘŜŎ ǎǘŀƴŘŀǊŘ ƛǎ ǎŀŦŜ ǘƻ ǳǎŜΚ

22

Common training set: 
CC0 license

Common test conditions:
https://jpeg.org/jpegai/documentation.html

Unified metrics computation:
https://gitlab.com/wg1/jpeg-ai

Cross-platform: 
CPU, GPU, NPU, Raspberry Pi  - cross platform 
encoding & decoding

Training cross-check: 
after independent re-training 
testing results within 0.1% BD-rate

bƻ ŘƛǊŜŎǘ ŀŘƻǇǘƛƻƴΥ 
!ƭƭ ǘŜƴǘŀǘƛǾŜƭȅ ŀŘƻǇǘŜŘ ǇǊƻǇƻǎŀƭǎ ƛƴǘŜƎǊŀǘŜŘ 
ŀƴŘ ǊŜπǘǊŀƛƴŜŘ ōȅ {² ŎƻƻǊŘƛƴŀǘƻǊǎ Ą

LƴǘŜƎǊŀǘƛƻƴ /9 

5ŜǾƛŎŜ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅ ŎƘŜŎƪΥ 
{ǘǊƛŎǘ ƳŀǘƘŜƳŀǘƛŎŀƭ ǇǊƻƻŦ ƻŦ ōƛǘπŜȄŀŎǘ 
ŎƻƳǇǳǘŀǘƛƻƴǎ ƛƴ ŜƴǘǊƻǇȅ ǇŀǊǘ  όƻǾŜǊŦƭƻǿ ŀǿŀǊŜ 
bb ǉǳŀƴǘƛȊŜǊύ

Smartphone implementation: 
For Huawei (with SnapDragon) and iPhone 

aƻōƛƭŜ ŘŜǾƛŎŜ Ǌǳƴ ǘƛƳŜ ΨǇǊŜŘƛŎǘƛƻƴΩΥ 
.ŀǎŜŘ ƻƴ ǇǊƻŦƛƭƛƴƎ Řŀǘŀ ŦƻǊ ƳŀƧƻǊƛǘȅ ƻŦ ŎƻƳƳƻƴƭȅ 
ǳǎŜŘ bb ƻǇŜǊŀǘƛƻƴǎ όŘŜǘŀƛƭŜŘΗύ ǘƘŜ ǘƻƻƭ ǇǊŜŘƛŎǘƛƴƎ 
ǘƘŜ Ǌǳƴ ǘƛƳŜ ƻƴ ƳƻōƛƭŜ ŘŜǾƛŎŜ ŎǊŜŀǘŜŘ 

https://jpeg.org/jpegai/documentation.html
https://gitlab.com/wg1/jpeg-ai


JPEG AI evolution

VM6-Ecn0Dec0 -12.0% 8 0.4 1 0.0004

VM6-Ecn0Dec1 -16.7% 23 0.4 2 0.0005

VM6-Ecn1Dec2 -24.0% 214 0.6 28 0.0010

kMAC

/pxl

³DecT

GPU

³DecT

CPU

³EncT

GPU
BD-rate

JPEG AI ςDIS vs VVC Intra

Enc0Dec0 Target CPU decoding -> SIMPLE@main
Ecn0Dec1 Target Smartphone NPU decoding -> BASE@main
Enc1Dec2 Target GPU decoding -> HIGH@main



Storage scenario (visually lossless)
I9LC /hatw9{{95 La!D9Φ ¢h¢![ {L½9 hC ¢I9 
La!D9 L{ ссмY. 

JPEG-AI IMAGE. TOTAL SIZE OF THE 
IMAGE IS 272KB.

³нΧо®



Image sharing though messengers
WECHATTRANSFERRED IMAGE WITH SCALING AND 
REENCODING. TOTAL SIZE OF THE IMAGE IS 213KB 

JPEG-AI IMAGE WITHOUT RESCALING. TOTAL 
SIZE IS 272 KB.

DEMO!



Visual quality analysis
9ƴŎм5ŜŎнπǘƻƻƭǎ ƻŦŦ лΦнрōǇǇ                                    hwLD                                                                   ±±/  лΦр ōǇǇ 



Visual quality analysis
9ƴŎм5ŜŎнπǘƻƻƭǎ ƻŦŦ лΦрōǇǇ                                    hwLD                                                                   ±±/  лΦр ōǇǇ 



28

VVC 
0.25 bpp
MS-SSIM = 0.9766
PSNR-Y    = 33.6
VMAF      = 81.6



29

VM4.3 HOP tools off
0.26 bpp
MS-SSIM = 0.9890
PSNR-Y    = 34.2
VMAF      = 86.3



JPEG AI design
twLb/Lt[9{

30



Wt9D !LΥ ǎƛƴƎƭŜ ǎǘǊŜŀƳ ƳǳƭǘƛǇƭŜ ŘŜŎƻŘŜǎ
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160+96

Good quality,
CPU decoding

IƛƎƘ ǉǳŀƭƛǘȅΣ
{ƳŀǊǘǇƘƻƴŜ bt¦ 
ŘŜŎƻŘƛƴƎ όŘŜƳƻύ

Very high quality,
GPU decoding

wǳƴ ǘƛƳŜΥŜƴŎƻŘŜǊлWt9D !L όDt¦ύ Ґ Wt9D ό/t¦ύ
ŜƴŎƻŘŜǊмWt9D !L όDt¦ύ Ґ мκнллл Ö±±/κIΦнсс ό/t¦ύ
ŘŜŎƻŘŜǊмWt9D !L όDt¦ύ Ґ ѹ ÖIΦнсс ό/t¦ύ 



JPEG AI: single stream multiple decodes
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SIMPLE@main
.ŀǎŜϪƳŀƛƴ
High@main



JPEG AI: single stream multiple decodes
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Iƻǿ ƛǎ ƛǘ ǇƻǎǎƛōƭŜΚΦΦΦ Wǳǎǘ ǘǊŀƛƴ ΨƳǳƭǘƛπƭŜƎǎΩ bbΦ  



JPEG AI: what else can we do?
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Good quality,
CPU decoding

High quality,
Smartphone NPU 
decoding (demo)

±ŜǊȅ ƘƛƎƘ ǉǳŀƭƛǘȅΣ
Dt¦ ŘŜŎƻŘƛƴƎ

Decoder 
ID=3{ǳǊŜΗ                                                                                                          hōƧŜŎǘ ŘŜǘŜŎǘƛƻƴ

9ȄǘŜƴŘŀōƭŜ                            ƛƳŀƎŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ
I5w ǘƻ {5w ŎƻƴǾŜǊǎƛƻƴ

/ŀƴ ƻƴŜ ŀŘŘ ƻƴŜ ƳƻǊŜ ΨƭŜƎΩΚ 

Can one overfit encoder for each particular image? 

Encoder  
ID=2

Of cause!



JPEG AI decoder
{¢9t .¸ {¢9t
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Latent
Prediction CY+

CDF zY

5ŜŎΦ ƳŜπǘ!b{
Hyper 

Decoder 
Net CY

IȅǇŜǊ 
{ŎŀƭŜ 
5ŜŎƻŘŜǊ
CY

Y[CY, h4, w4]

/5C Ǌ̧

I s
Y
[C

Y
, 

h 4
, 
w

4
]Dec. me-tANS

stream-rY

stream-zY



High level decoder diagram
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w

4
]

[ŀǘŜƴǘ
tǊŜŘƛŎǘƛƻƴ CY+

CDF zY

Dec. me-tANS
IȅǇŜǊ 
5ŜŎƻŘŜǊ 
bŜǘ CY

Hyper 
Scale 

Decoder
CY

Y[CY, h4, w4]

/5C Ǌ̧

I s
Y
[C
Y
,
 
h

4
,
 
w

4
]Dec. me-tANS

stream-rY

stream-zY
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[ŀǘŜƴǘ ŘƻƳŀƛƴ 
tǊŜŘƛŎǘƛƻƴ ϧ 
wŜǎƛŘǳŀƭ ŘŜŎƻŘŜǊ 

CY stream-rY

stream-zY Prediction and Entropy Information

Residual  InformationY
[C
Y
,
 
h

4
,
 
w

4
]
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{ȅƴǘƘŜǎƛǎ 
¢ǊŀƴǎΦ bŜǘ 
CYY

[1
,H
,
W] [ŀǘŜƴǘ ŘƻƳŀƛƴ 

tǊŜŘƛŎǘƛƻƴ ϧ 
wŜǎƛŘǳŀƭ ŘŜŎƻŘŜǊ 

CY stream-rY

stream-zY
Prediction and Entropy Information

Residual  InformationY
[C
Y
,
 
h

4
,
 
w

4
]

[ŀǘŜƴǘ ŘƻƳŀƛƴ 
tǊŜŘƛŎǘƛƻƴ ϧ 
wŜǎƛŘǳŀƭ ŘŜŎƻŘŜǊ 

CUV stream-rUV

stream-zUV Prediction and Entropy Information

Residual  Information

U
V[
C
U
V,
 
h

4
,
 
w

4
]

{ȅƴǘƘŜǎƛǎ 
¢ǊŀƴǎΦ bŜǘ 
CUV

U
V[
2
,H
/
s
1
,
W
/
s

2
]

CY =160  

CUV=96
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у ƻǊ мл ōƛǘǎ
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v
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v 
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 s

iz
e¬

s1, s2

1or 2

bbπōŀǎŜŘ 
9ƴƘŀƴŎŜƳŜƴǘ 
ŦƛƭǘŜǊǎ όƻǇǘƛƻƴŀƭύ

bƻ Ψ/!b!/ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴΩ ŀƴŘ ŦǊƻƳ ƭŜǘπǘƻǇ ǘƻ ǊƛƎƘǘ ςōƻǘǘƻƳ 
ŎƻƴǘŜȄǘ ƳƻŘŜƭƛƴƎ ƛƴ ŜƴǘǊƻǇȅ ǇŀǊǘΦ  9ƴǘǊƻǇȅ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ 
ŜŀŎƘ ǊŜǎƛŘǳŀƭ ǘŜƴǎƻǊ ŜƭŜƳŜƴǘ ŘŜǊƛǾŜŘ ƭƻŎŀƭƭȅ ŦǊƻƳ ȊπǎǘǊŜŀƳ
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Encoder  
ID=0,1

y
ÓÔÒÅÁÍȤÚ

ÓÔÒÅÁÍȤÒ

Ƕὶ

Ƕᾀ 2
Å
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)
Í
Á
Ç
Å

%ÎÔÒÏÐÙ 
$ÅÃȢ

ADAE

%ÎÔÒÏÐÙ 
%ÎÃȢ 

,ÁÔÅÎÔ 
0ÒÅÄÉÃÔÉÏÎ

Ƕὶ

Ƕᾀ

,ÁÔÅÎÔ 
0ÒÅÄÉÃÔÉÏÎ

#$&ȤÒ

CDF-z

Decoder 
ID=0,1,2 &

É
Ì
Ô
Å
Ò
Ó

„

3ÅÎÄÅÒ 2ÅÃÉÅÖÅÒ

Øπ[(ȟ7]
Øρ[(ȾÓÖÅÒȟ7ȾÓÈÏÒ]
Øς[(ȾÓÖÅÒȟ7ȾÓÈÏÒ]

ὼπ[(ȟ7]
ὼρ[(ȾÓÖÅÒȟ7ȾÓÈÏÒ]
ὼς[(ȾÓÖÅÒȟ7ȾÓÈÏÒ]

C
o
n
v
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r
t
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o

n
v
e
rt-

1

ώ

9ƴŎƻŘŜŘ  ŘŜŎƻŘŜŘ ƻƴ ǎŀƳŜ ŘŜǾƛŎŜ9ƴŎƻŘŜŘ  ŘŜŎƻŘŜŘ ƻƴ ŘƛŦŦŜǊŜƴǘ ŘŜǾƛŎŜǎLƴ ŎŀǎŜ 
ƻŦ 

ǾƛƻƭŀǘƛƻƴΥ

.ƛǘΦπŜȄŀŎǘ ōŜƘŀǾƛƻǊǎ ǊŜǉǳƛǊŜŘΗΗΗ
Áhƴƭȅ ƛƴǘŜƎŜǊ
ÁhǾŜǊŦƭƻǿ ŀǿŀǊŜ bb ǉǳŀƴǘ
Áhƴƭȅ ŎƻƴǘǊƻƭƭŀōƭŜ ƻǇŜǊŀǘƛƻƴǎ

м



9ƴǘǊƻǇȅ ƴŜǘǿƻǊƪ ǿƛǘƘ ōƛǘπŜȄŀŎǘ ōŜƘŀǾƛƻǊ
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convolution layer

...

έόὸὧ ȟὭȟὮ ὦὭὥίὧ В ύὩὭὫὸὬὧȟὧ ẘὭὲὴόὸὧȟίɇὭȟίɇὮ; 

Ὥ πȟȣȟὬ ρȠὮ πȟȣȟύ ρȠὧ πȟȣȟὅ ρ

whereȰẘȱis 2D cross-correlation operator with kernel sizeὑ ὑ

....

ÑÕÁÎÔÉÚÅÄ ÃÏÎÖÏÌÕÔÉÏÎ ÌÁÙÅÒ

ȢȢȢǘƘǊŜŜπǎǘŜǇǎƻǇŜǊŀǘƛƻƴΥ

ὸὩάὴὧȟὭȟὮ ὧὰὭὴὨȟὨ ρȟὭὲὴόὸὧȟὭȟὮȟ
Ὥ πȟȣȟὬ ρȠὮ πȟȣȟύ ρȠὧ πȟȣȟὅ ρȠ

Ὑὧ ȟὭȟὮ ὦὭὥίὧ В ύὩὭὫὸὬὧȟὧ ẘὸὩάὴὧȟίɇὭȟίɇὮȠ

ǿƘŜǊŜ άẘέ ƛǎ н5 ŎǊƻǎǎπŎƻǊǊŜƭŀǘƛƻƴ ƻǇŜǊŀǘƻǊ ǿƛǘƘ ƪŜǊƴŜƭ ǎƛȊŜὑ ὑ Φ

έόὸὧ ȟὭȟὮ Ὑὧ ȟὭȟὮ ḻὴὧ Τ 
Ὥ πȟȣȟὬ ρȠὮ πȟȣȟύ ρȠὧ πȟȣȟὅ ρȢ

¢ƘŜ ǘŜƴǎƻǊ ύὩὭὫὸὬƻŦ ǎƘŀǇŜ ὅ ȟὅ ȟὑ ȟὑ Ŏƻƴǘŀƛƴǎ ƭŜŀǊƴŀōƭŜ уπōƛǘƛƴǘŜƎŜǊǿŜƛƎƘǘǎΣ ǘƘŜ ǘŜƴǎƻǊ ὦὭὥίƻŦ 
ǎƘŀǇŜ ὅ ȟŎƻƴǘŀƛƴǎ ƭŜŀǊƴŀōƭŜ омπōƛǘƛƴǘŜƎŜǊōƛŀǎŜǎΦ !ƭƭ ǇŀǊŀƳŜǘŜǊǎ ύὩὭὫὸὬŀƴŘ ὦὭὥίŀǊŜ ǇŀǊǘ ƻŦ ƭŜŀǊƴŀōƭŜ 
ǉǳŀƴǘƛȊŜŘ ƳƻŘŜƭΦ
¢ƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŎƭƛǇǇƛƴƎ ǾŀƭǳŜ ŘΣ ŘŜπǎŎŀƭƛƴƎ ǎƘƛŦǘǎ ὴὧ ŀƴŘ ƳŀƎƴƛǘǳŘŜ ŦƻǊ ǘƘŜ ǉǳŀƴǘƛȊŜŘ ƳƻŘŜƭ ǇŀǊŀƳŜǘŜǊǎ 
ŀƭƭƻǿǎ ŎƻƴǘǊƻƭ ƻǾŜǊ ōƛǘ ŘŜǇǘƘ ƻŦ ǊŜƎƛǎǘŜǊ  Ὑὧ ȟὭȟὮόƎǳŀǊŀƴǘŜŜŘ ǘƻ ōŜ ǿƛǘƘƛƴ он ōƛǘǎύΦ
ȢȢȢ

ὅὕὔὠ

ήὅὕὔὠ

wŜ[¦[ŜŀƪȅwŜ[¦

³
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Ù
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%ÎÃȢ 

,ÁÔÅÎÔ 
0ÒÅÄÉÃÔÉÏÎ

Ƕὶ

Ƕᾀ

,ÁÔÅÎÔ 
0ÒÅÄÉÃÔÉÏÎ
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#$&ȤÚ
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Å
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Sender Reciever

x0[H,W]
x1[H/ sver,W/ shor]

x2[H/ sver,W/ shor]

ὼπ[(ȟ7]
ὼρ[(ȾÓÖÅÒȟ7ȾÓÈÏÒ]
ὼς[(ȾÓÖÅÒȟ7ȾÓÈÏÒ]

C
o
n
v
e
r
t

C
o
n
v
e
r
t

-1

ώ

{ǘǊƻƴƎΥ .ƛǘΦπŜȄŀŎǘ ōŜƘŀǾƛƻǊǎ ǊŜǉǳƛǊŜŘΗΗΗ
Áhƴƭȅ ƛƴǘŜƎŜǊ
ÁhǾŜǊŦƭƻǿ ŀǿŀǊŜ bb ǉǳŀƴǘ
Áhƴƭȅ ŎƻƴǘǊƻƭƭŀōƭŜ ƻǇŜǊŀǘƛƻƴǎ

м

ΰStrongerΨ ŎƻƴŦƻǊƳŀƴŎŜ Ǉƻƛƴǘ ŀŦǘŜǊ ƳŜǊƎƛƴƎ 
ǇǊŜŘƛŎǘƛƻƴ ŀƴŘ ǊŜǎƛŘǳŀƭ ƛƴ ƻǊŘŜǊ ŀƭƭ ΰǇǊƻŦƛƭŜǎΨΣ 

(including future extension) recieve the 
same tensor representaiton for image

2

ΰ²ŜŀƪŜǊΨ ŎƻƴŦƻǊƳŀƴŎŜ 
Ǉƻƛƴǘ ŀŦǘŜǊ ǎȅƴǘƘŜǎƛǎ 
ǘǊŀƴǎŦǊƻƳ ŀƭƭƻǿǎ ŎǳǎǘƻƳ 
ǉǳŀƴǘƛȊŜǊ ŦƻǊ bb  

о



по

0ÉÃÔÕÒÅ ÈÅÁÄÅÒ

Ò56ȤÓÔÒÅÁÍ

Ò9ȤÓÔÒÅÁÍ

z ɀstream (zY & zUV)

Tools Header

2ÅÎÄÅÒÉÎÇ )ÎÆÏ

1ȤÍÁÐ

5ÓÅÒ $ÅÆÉÎÅÄ

Wt9D !L ŎƻŘŜ ǎǘǊŜŀƳ

%ÎÄ

3ÔÁÒÔ

JPEG AI stream structure 

ÍÁÎÄÁÔÏÒÙ                 ÏÐÔÉÏÎÁÌ                       ÐÁÒÔÉÔÉÏÎÅÄ    

ÃÏÄÅ ÓÔÒÅÁÍ ÓÅÇÍÅÎÔÓ

-ÁÒËÅÒ,ÅÎÇÔÈ data

code stream segment

-ÁÒËÅÒ,ÅÎÇÔÈ . ÔÉÌÅÓ

ÐÁÒÔÉÔÉÏÎÅÄ  ÃÏÄÅ ÓÔÒÅÁÍ ÓÅÇÍÅÎÔ

4ÉÌÅÓ,ÅÎÇÔÈÓ4ÉÌÅÓτ ÄÁÔÁȣ N-1 Tile data

9ƴǘǊƻǇȅ ŀƴŘ ǇǊŜŘƛŎǘƛƻƴ

{¢!w¢                                      9b5

{¢!w¢   9b5     {¢!w¢   9b5

¢ƛƭŜ л

¢ƛƭŜ bπм



Wt9D !LΥ ǇǊƻƎǊŜǎǎƛǾŜ ŘŜŎƻŘƛƴƎ

ώ

ώ

/ƘǊƻƳŀ ǊŜǎƛŘǳŀƭ 
όǘƻǘŀƭ /¦±Ґ фсύ

[ǳƳŀ  ǊŜǎƛŘǳŀƭ 
όǘƻǘŀƭ /Ґ̧ мсл ύ

/¦±ҐмсΣ /Ґ̧ л όу҈ ōƛǘ ǎǘǊŜŀƳύ/¦±ҐмсΣ /Ґ̧ мс όнп҈ ōƛǘ ǎǘǊŜŀƳύ

/¦±ҐмсΣ /Ґ̧ м όмл҈ ōƛǘ ǎǘǊŜŀƳύ/¦±ҐмсΣ /Ґ̧ мсл όфо҈ ōƛǘ ǎǘǊŜŀƳύ

CY

CUV



[ŀǘŜƴǘ ŘƻƳŀƛƴ ǘƛƭŜǎ ŀƴŘ whL ŘŜŎƻŘƛƴƎ
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²κ vπƳŀǇ

Ƴŀǎƪ

hǊƛƎƛƴŀƭΥ

²κƻ vπƳŀǇ



me-tANS: memory efficient 
tabulated Asymmetric Numeral 
Systems

пт



aǳƭǘƛπǘƘǊŜŀŘ ŎƻŘƛƴƎ ǿƛǘƘ ƳŜπǘ!b{

пу

п ŜƭŜƳŜƴǘǎ ƛƴ ŜŀŎƘ ΰǊƻǳƴŘΨ Σ ƛƴōƻǳŘƴ ǇŀǊǘ Ŏŀƴ ōŜ ŜŦŦƛŎƛŜƴǘƭȅ ΰǇŀŎƪŜŘΨ ƛƴǘƻ он ōƛǘǎ ǊŜƎƛǎǘŜǊ

hǳǘōƻǳƴŘΥ ǳǇ ǘƻ мт ōƛǘǎ ǇŜǊ ŜƭŜƳŜƴǘ     LƴōƻǳƴŘΥ ǳǇ ǘƻ у ōƛǘǎ ǇŜǊ ŜƭŜƳŜƴǘ
ƘŀǇǇŜƴǎ ǿƛǘƘ м҈ ǇǊƻōŀōƛƭƛǘȅ

tŜǊŦƻǊƳŀƴŎŜΥ мс ǘƘǊŜŀŘ Ǿǎ ǎƛƴƎƭŜ ǘƘǊŜŀŘ ςƻƴƭȅ лΦмΦΦΦлΦн҈ ōƛǘǎǘǊŜŀƳ ǎƛȊŜ ƛƴŎǊŜƳŜƴǘ



VVC
VM

hǊƛƎƛƴŀƭ ƛƳŀƎŜ
моосȄутн

.ƛǘǎ ŀƭƭƻŎŀǘƛƻƴ ōȅ Wt9D !L ŀƴŘ ±±/

Wt9D !L ±±/ όvtҐŎƻƴǎǘŀƴǘύ

±±/ όvtҐŎƻƴǎǘŀƴǘύ

ōƛǘǎ

High

Low

distortion

High

Low

Wt9D !L



5ŜǎƛƎƴ ŀǎǇŜŎǘǎ ƳƻǘƛǾŀǘŜŘ ōȅ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ Ŏƻǎǘ

рл
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{ȅƴǘƘŜǎƛǎ ¢ǊŀƴǎΦ bŜǘ CY

{ȅƴǘƘŜǎƛǎ ¢ǊŀƴǎΦ bŜǘ CUV
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RGB or YUV
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bbπōŀǎŜŘ 
9ƴƘŀƴŎŜƳŜƴǘ 
ŦƛƭǘŜǊǎ όƻǇǘƛƻƴŀƭύ

о³I³²

м³I³²

н³Iκǎм³²κǎн

128³H/2³W/2

фс³Iκп³²κп

мсл³Iκнп³²κнп

фс³Iκнп³²κнп

®ǇŜŀƪ ƳŜƳƻǊȅ ǳǎŀƎŜ

tŜŀƪ ƳŜƳƻǊȅ ǳǎŀƎŜ ŦƻǊ о ŎƻƭƻǊǎ Ƨƻƛƴǘ  ŎƻŘƛƴƎ ŦƻǊ !ǳǘƻŜƴŎƻŘŜǊ ǿƛǘƘ нрс ŎƘŀƴƴŜƭǎ ƛǎ нрс ³²κн ³Iκн ĄǘǿƛŎŜ ƘƛƎƘŜǊ



²Ƙȅ ǇǊŜŘƛŎǘƛƻƴ κ ǊŜǎƛŘǳŀƭ ŎƻŘƛƴƎΚ
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]
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Gallery size
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JPEG AI mobile device implementation (DecID=1)
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Performance test results 
5 points  BD-rate (0.12, 0.25, 0.5, 0.75, 1.0)

BD rate vs VVC-012-025-050-075-100 Dec. complexity Enc. 

Test AVG MS-SSIM VIF FSIM NLPD

IW-

SSIM VMAF psnrHVS

kMAC

/pxl

Time 

GPU, x

Time 

CPU, x

Time 

GPU, x

VVC-012-025-050-075-100 0.0% 0% 0% 0% 0% 0% 0% 0% 1 1 1 1

VM6.1-Enc0Dec0-tools-off -12.0% -31% 7% -15% -12% -26% -7% 1% 8 0.36 1 0.0005

VM6.1-Enc0Dec0-tools-on -16.2% -31% 7% -22% -13% -27% -30% 3% 14 0.41 2 0.0011

VM6.1-Enc0Dec1-tools-off -16.7% -33% 1% -20% -16% -29% -15% -4% 23 0.38 2 0.0005

VM6.1-Enc0Dec1-tools-on -20.2% -33% 1% -27% -17% -29% -35% -2% 28 0.41 3 0.0011

VM6.1-Enc1Dec2-tools-off -24.0% -38% -9% -29% -23% -34% -24% -11% 214 0.61 28 0.0012

VM6.1-Enc1Dec2-tools-on -27.0% -38% -8% -35% -24% -34% -42% -9% 215 0.64 29 0.0018
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VTM  7 KB                       JPEG AI VM6.1    7KB  

/ƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ±±/ LƴǘǊŀ
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VTM  7 KB                       JPEG AI VM6.1    7KB  
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HEVC v3 (scalable and multi-view) 

9ȄǘŜǊƴŀƭƭȅ ŎƻŘŜŘ ŦǊŀƳŜǎ
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AI coded refPic can be added to any traditional codec
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āCPUó

E2E NN CoderāGPUó orāCPUó

All Intra (AI)GPU CPU

Y U V Enc Dec Enc Dec

Class C -5.0% -10.6% -8.8% 100% 87% 113% 180%

Class D -6.4% -15.1% -12.4% 100% 93% 108% 133%

JVET-AJ0208: VVC + DCVC-FM I-frame

JVET-AJ0208 vs VTM (PSNR)

Random Access(RA) GPU CPU

Y U V Enc Dec Enc Dec

Class C -0.7% -4.6% -3.2% 100% 100% 100% 295%

Class D -0.9% -6.5% -5.9% 100% 100% 100% 222%

Complexity DCVC-FM I-frame  525 kMac/pxl

https://jvet-experts.org/doc_end_user/current_document.php?id=14815
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Source
BD-rate Random Access

kMAC/ pxl Param, M Training set
Y U V

JVET-AG0122 -0.6% -0.3% -0.3% 69 2.9 HAA500
JVET-AH0107 -1.7% -1.6% -1.3% 69 2.9 Vimeo-90K triplet

JVET-AH0107 -2.6% -1.8% -1.5% 182 2.9 Vimeo-90K triplet

JVET-AJ0099 -3.5% -4.4% -4.3% 727 2.9 Vimeo-90K triplet

IFRNetǾŀǊƛŀǘƛƻƴǎ Χ
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