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Education:
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1998~2006
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HEVC/H.265, VVC/H.266, JPEG Al

* JPEG: JPEG Al standardization project chair and editor (along with Prof. Jodo Ascenso)




NNVC: Neural network-based video
coding

AHG11 & AHG14 OF JVET (ISO SC 29 WG 5)

T




How NNVC work is organized?

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

Common training set: DIV2K, BVI-DVC, TVD.

to be extended ... vimeo90K, call for training data

responses (so far only for information)

Common test conditions:

https://vcqit.hhi.fraunhofer.de/jvet-ahg-nnvc/nnvc-ctc Complexity assessment:

kMAC/pxl, num of parameters, num of channels
No (input/output each layer) multiple 16, far not

overfitting! verfect ....

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

SADL : Rules: gain T, complexity 4

Small Adhoc Deep-Learning Library : KMAC/pxl ‘test’ < ‘anchor’ (must),
transparent implementation of NN operations Ol 4o NumParam ‘test < ‘anchor’ (desirable),
https://vcgit.hhi.fraunhofer.de/jvet-ahg-nnvc/sadl Multiple 16 violations ‘test’ < ‘anchor’ (must)



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

NNVC tools box
NWVCIL0SWiool: | kMAC/pl | Numparam, 1 _

NNLF — neural network-based in-loop filter
LOP (Low Operation Point)

CA-LOP content adaptive LOP 17 0.2

VLOP (Very Low Operation point) c 0.1

CA-VLOP content adaptive VLOP

HOP (High Operation Point) 466 1.4
NNIntra — neural network-based Intra 5 1.3
NNSR — neural network-based super resolution 5 0.1
NNPF — neural network-based post-filter 17 0.2




NNVC complexity performance trade-oft
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Unified NNLF
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Unified NNLF
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In NNVC with SADL



Unified NNLF
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Can we really use GPU for video decoding?

Requirements:
o Bit-exact computations!!!!

How to achieve?
> Only integer operation (controlled in NNVC):
° Training in float, inference int 16
o Overflow aware neural network quantizer (not controlled in NNVC) coding is?
o Even all multipliers are int 16, accumulated register can be larger than 32 bits (overflow!!!)
o Some implementation efforts:
o C++ = SADL (most of us stop here)
o C++ -2 libtorch (most of us stop here) > CUDA (need to go to this level to control GPU)
o Python = pytorch (most of us stop here) - CUDA (need to go to this level to control GPU)
o Careful selection of operations:
> Some operations do not (yet) have integer implementation on GPU/NPU
Isn’t it too much? Similar to SIMD instructions (ECM, VTM SW are full of those)

Where E2E Al

(my estimate) using LOP of NNVC one can get ~8% BD-rate gain, less than x1.1EncT T, less than x1.5 DecT T vs VVC




Images and video coding

SIMILAR, BUT DIFFERENT

T




How do we use images on a Smartphone?




How do we use video on a Smartphone?

No zooming
focus on
actions & moving

T




Use on a smartphone: image # video

Images
8K and higher

weak conformance (t€)

View for 5+ seconds

power consumption :

decoder << screen

The only scenario:
Capture & encode
(zero latency)

Video

VYvve e
H.266

strong conformance (bit exact)

Decode 60+ frames per second
power consumption :
decoder ~ screen

A) Off-line encoding
(You Tube, Netflix, TikTok...)

B) Low-latency encodin




Image sharlng ecosvstem

e T ~ T TN
. \ *
[ , . [ -\ WeChat* (0.4 bpp) |
| iPhone 13 Pro (3 bpp) | i . 1280 x 1707 i
: > 3024 x 4032 : [ * If image transmitted w/o down-sampling [
: : : then down-loading takes minutes! :
I I [ I
I I L [
: ! ! @ KakaoTalk (0.3 bpp) !
! ! : e 1530 x 2040 :
! Samsung S23 (3 bpp) ! i i
i > 6120 x 8160 | ! |
i i | Q WhatsApp (0.3 bpp) |
: I ! ! e 3840 x 5120 !
. !
i Google Pixel (6 bpp) i : i
I > 3024 x 4032 | I @) Telegram (0.5 bpp) i
! ! ! * 960 x 1280 !
N optics & sensor & ISP CODEC for storagi/ ‘\ standard CODEC for transmission (lower rate)/’

-

Opps, compression still needed!!! But encoding must be ultra-fast...




Why E2E Al chosen for JPEG Al?

Freedom VVC Intra encoder has
* Partitioning:
* WxH, W,H €{4,8,16,32}

Image size 8160x6120 * Intra Sub-partition (ISP) Mode
Target rate 0.75 bpp « Prediction mode:
eI - * Angular Intra Prediction With 65 Angles + Planar + DC
odec (*) ncoaing, s * Wide-Angle Intra Prediction (WAIP)
JPEG 5 * Matrix-Based Intra Prediction (MIP)
HEVC / H.265 2689 * Position Dependent Prediction Combination (PDPC)
* Multiple Reference Line (MRL) Prediction
VVC/H.266 18725 * Cross Component Linear Model (CCLM)
() reference SW 5+ hours !!!! * Transform:

e DCT-Il, DCT-VIII, DST-VII (vertical != horizontal)
* Secondary transform (LFNST8 or 4)
* Filters
* SAO, ALF, CCALF.
* Quality metric
» Standard was developed using PSNR (MSE)

Let’s try “off-line” NN training ! ]
v & * Actual encoder can use another metric (even slowerz

Encoder search for modern codec comes
closer to “on-line” NN training




JPEG Al performance evaluation

TEST CONDITIONS, ADOPTION CRITERIA

T




JPEG Al milestones

Ty

Q-metrics Exploration

lection _ Decoder on . 1S
Selectio Experiments smartphone International
Overview Standard
of existing CfE CfP DIS
Technologies Call for Evidence Call for Proposals Draft International
Standard
O O O O O O o —

2019 2020 2021 2022 2023 2024 2025




How to ensure against overfitting?

N ., )

00003_TE_1944x1 00004_TE_1808x1 00005_TE_1336x8 00006_TE_1544x1 00007_TE_1472x9 00008_TE_1912x1 00009_TE_1976x1 00010_TE_1744x1
272_8bit_sRGB

00001_TE_2096x1
400_8bit_sRGB

312_8bit_sRGB

160_8bit_sRGB

120_8bit_sRGB

76_8bit_sRGB

296_8bit_sRGB 352_8bit_sRGB 72_8bit_sRGB

00011_TE_1512x2 00012_TE_1920x1 00013_TE_3680x2 00014_TE_3680x2 00015_TE_1744x2 00016_TE_1192x8 00017_TE_1280x8 00018_TE_3032x1 00019_TE_1920x1 00020_TE_3680x2
456_8bit_sRGB

456_8bit_sRGB

000_8bit_sRGB 856_8bit_sRGB 080_8bit_sRGB

32_8bit_sRGB

48_8bit_sRGB

016_8bit_sRGB 456_8bit_sRGB

280_8bit_sRGB

- ! -

-

00021_TE_2192x1 00022_TE_1248x8 00023_TE_2464x1
520_8bit_sRGB 32_8bit_sRGB 640_8bit_sRGB

00024_TE_1536x1 00025_TE_1984x1 00026_TE_1784x1 00027_TE_3680x2 00028_TE_800x 12 00029_TE_976x14 00030_TE_560x88
00_8bit_sRGB

456_8bit_sRGB 8_8bit_sRGB

72_8bit_sRGB

024_8bit_sRGB 320_8bit_sRGB 296_8bit_sRGB

\

00031_TE_1752x1 00032_TE_7680x5 00033_TE_2120x1 00034_TE_1072x9 00035_TE_877x16 00036_TE_998x16 00037_TE_5616x3 00038_TE_8160x6
856_8bit_sRGB 120_8bit_sRGB 608_8bit_sRGB 28 8bit_sRGB 58_8bit_sRGB 75_8bit_sRGB 744 _8bit_sRGB 120_8bit_sRGB

i e

00041_TE_3374x5 00042_TE_2787x4 00043_TE_945x34 00044 _TE_1430x1 00045_TE_2533xi 00046_TE_2816x1 00047_TE_2500x1 00048_TE_2500x1 00049_TE_5566x3 00050_TE_3976x2
055_8bit_sRGB 004_8bit_sRGB 0_8bit_sRGB 834 _8bit_sRGB 897_8bit_sRGB 878 _8bit_sRGB 875_8bit_sRGB 667_8bit_sRGB 569_8bit_sRGB 652_8bit_sRGB

|
\

00039_TE_5464x3 00040_TE_7394x4
640_8bit_sRGB 932_8bit_sRGB

For camera captured content 7 metrics (MS-SSIM, VIF, VMAF, IW-SSIM, FSIM, psnrHVS, NLPD) measured, BD-rate computed 19

JPEG

JPEG Al 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

\'[e] 4
enoug




JPEG Al additional Test Sets

36 synthetic images 12 HDR images
™ -
[}
——y k‘ -
B |

w——m -t

11001 _TE_2560x1 11002_TE_1180x1 11003_TE_1400x1 11004_TE_2864x1 11005_TE_1016x7 11006_TE_2560x1 11007_TE_1280x7 11008_TE_1920x1 12001_TE_1848x1

440 _8bit_sRGB 612_8bit_sRGB 048_8bit_sRGB 872_8bit_sRGB 60_8bit_sRGB 600_8bit_sRGB 20_8bit_sRGB 080_8bit_sRGB 080_8bit_sRGB

-

12002_TE_1920x1 12003_TE_644x46  12004_TE_1024x7  12005_TE_1920x1 12006_TE_1920x1 12007 _TE_2560x1 12008_TE_3840x2  12009_TE_2048x1 13001_TE_2000x1
016_8bit_sRGB 2_8bit_sRGB 68_8bit_sRGB 080_8bit_sRGB 080_8bit_sRGB 080_8bit_sRGB 160_8bit_sRGB 152_8bit_sRGB 128_8bit_sRGB

13002_TE_2000x2  13003_TE_6068x3  13004_TE_1072x1 13005_TE_2800x1 13006_TE_3072x2  13007_TE_1920x1 13008_TE_2048x1 13009_TE_2048x2  14001_TE_1024x1
496_8bit_sRGB 412_8bit_sRGB 500_8bit_sRGB 400_8bit_sRGB 304_8bit_sRGB 920_8bit_sRGB 148_8bit_sRGB 048_8bit_sRGB 024_8bit_sRGB

“/~wR 450 o

e
-.Q
HEST EXOPLANET

14002_TE_1920x1 14003_TE_624x90  14004_TE_1304x1 14005_TE_3000x3  14006_TE_3328x2  14007_TE_1200x1 14008_TE_3760x2  14009_TE_2016x1 14010_TE_1764x2
496_8bit_sRGB 8_8bit_sRGB 940_8bit_sRGB 000_8bit_sRGB 156_8bit_sRGB 500_8bit_sRGB 454 _8bit_sRGB 512_8bit_sRGB 572_8bit_sRGB

e

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



JPEG Al crash test set

12 very challenging images
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JPEG Al DIS



JPEG

How to ensure learnable codec standard is safe to use? —
Common training set: Cross-platform:
CCO license CPU, GPU, NPU, Raspberry Pi - cross platform

encoding & decoding
Common test conditions:

https://jpeq.orqg/jpeqgai/documentation.html|

Device interoperability check:
Strict mathematical proof of bit-exact
computations in entropy part (overflow aware

Unified metrics computation:
https://qitlab.com/wqgl/jpeg-ai

NN quantizer)
Training cross-check: Smartphone implementation:
after independent re-training For Huawei (with SnapDragon) and iPhone

testing results within 0.1% BD-rate

Mobile device run time ‘prediction’:

Based on profiling data for majority of commonly
used NN operations (detailed!) the tool predicting
the run time on mobile device created

No direct adoption:

All tentatively adopted proposals integrated
and re-trained by SW coordinators =
Integration CE



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

JPEG

JPEG Al evolution

Compression vs computaitonal complexity
-30%

_9504 ..I_ Q1/23
a2/23 JPEG Al = DIS vs VVC Intra

£ 20%
o
KMAC DecT DecT EncT
% _15% BD-rate X X X
s /px| GPU CPU GPU
[ 10% ® Q3/23 \VVM6-Ecn0DecO -12.0% 8 0.4 1 0.0004
& ® az/23 \VVM6-EcnODecl -16.7% 23 0.4 2 0.0005
507 \VVM6-EcnlDec?2 -24.0% 214 0.6 28 0.0010
1 10 100 1000
0%
kMAC,/ pxl
EncODecO Target CPU decoding -> SIMPLE@main
EcnODecl Target Smartphone NPU decoding -> BASE@main
EnclDec2 Target GPU decoding -> HIGH@main




Storage scenario (visually lossless)

HEIF COMPRESSED IMAGE. TOTAL SIZE OF THE JPEG-Al IMAGE. TOTAL SIZE OF THE
IMAGE IS 661 KB IMAGE 1S 272 KB.




Image sharing though messengers

WECHAT TRANSFERRED IMAGE WITH SCALING AND JPEG-AlI IMAGE WITHOUT RESCALING. TOTAL
REENCODING. TOTAL SIZE OF THE IMAGE IS 213 KB SIZE IS 272 KB.

=




Visual quality analysis

0.25bpp VVC 0.5 bpp

. - )
pe 7 i




Visual quality analysis

EnclDec2-tools off 0.5bpp VVC 0.5 bpp

o, g oy o




0.25 bpp

MS-SSIM = 0.9766
PSNR-Y =336 _
VMAF = 81.6__/’




0.26 bpp

MS-SSIM = 0.9890
PSNR-Y =342
VMAF = 86.3//




JPEG Al design

PRINCIPLES

T




R—i

JPEG Al: single stream multiple decodes

- £ | Good quality,
i~ ~ ecoder . .
P i e e il | g g [ CPU decoding
IEncoder ! I - =
D=0 | | I [ Latent Latent "
S 1 D=0 _ atent 1 7 ¥ [CpFzl 3 Ul s P I|__—] ~ High qualit
§ - I | Prediction _I_,’ - ‘ I Prediction —L I Decoder g . % hq NVED J
- = 5 [ > = martphone
E - U Tomesr o e w 1 ——— 4 D=1 S
o :‘ ~~~~~ e t  PL_stream-r ! Enirony I \ = decoding (demo)
S IEncoder ! |1 Enc.__t|% CDF-r 2 . I
_ e A DeC " _ _ N
| ID—]. 1 " - : . .
|- ] I Dfizodzer || £ [Very high quality
.===========================~ - § GPU decoding
L A J

T .
Sender Reciever

Run time:encoder0 JPEG Al (GPU) = JPEG (CPU)
encoderl JPEG Al (GPU) =1/2000 - VVC/H.266 (CPU)
decoderl JPEG Al (GPU) =% - H.266 (CPU)




JPEG Al: single stream multiple decodes

. SIMPLE@main
Decoder > % Base@maln
ID=0 DecoderID = 0; 8 kMAC/pxl | & High@main
L
S Original
®
= —
(@) ()
- = =
|/\ :| E 5
Decoder ID=1 >~ ok o
\\lDecoderID =1;23kMAC/pxl | §| [© =
= X, =
(3
= -
Q. o}
e S5
@)
.
(@)
-
N Diff image:
|| Decoder ID=2 > % ‘ rec-orig| >10
2 | rec-orig| <10
DecoderID = 2; 214 kMAC/pxl




JPEG Al: single stream multiple decodes

/ Q
S~ | Decoder > S
:Encod;; 3 D=0 g
33
) _’: ID=0 _:_ Latent || # hmﬁ # || Latent > =
S - Prediction _L' it | Prediction !
S| | AE AD 5 1 Decoder S
o S £ o B B i —— D=1
& ] I 5 TTf T s Entro 2

S |_,Encoder | i Enc.__-|% LlLD‘F'_rI—f 2 o T

ID=1 I l==-=" . N
: -7 Decoder | =
o ID=2 3
Y]

\ Y A , < |

Sender Reciever

How is it possible?... Just train ‘multi-legs’ NN.




JPEG Al: what else can we do?

S) il L
o £ | Good quality,
ecoder . .
i i it Tl | éCPUdecodmg
i ID=0 I.| Latent |{# h|—|—¢ P Latent . :
> L= Prediction _l_,“ =l CDE.2 _|_ Prediction e High quality,
I I [Bredictio [ stream-z_ S
L | o % | AE | AD ) » =| Smartphone NPU
2 LT . 'Entropy T | - —p - e | decoding (demo)
S ) CDF ; Entropy o
=) IEncoder ! B zZ r Z o
" | El(;.__— A Dec. _ _
e T N . .
-7 ] I Decoder || £ [Very high quality
Fe- -===========================—’ﬂ Qe:i GPU decoding
——Encoder ¢ Y A ' J
| ID=2 | Sender Reciever
V PmL L
T ) Decoder . .
Can one add one more ‘leg’?  Sure! D=3 Object detection
Extendable image classification

Can one overfit encoder for each particular image? Of cause!

HDR to SDR conversion
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JPEG
H A N

JPEG Al decoder

STEP BY STEP

T




High level decoder diagram

FACy hy w,]

Latent
Prediction Cy

P Cy by W]

| Dec. me-tANS

A

stream-r,

Hyper
Decoder
Net Cy

Hyper
Scale

CDFry [

I ,v[Cy, hy, W]

Decoder
Cy

JPEG
A N
stream-zy CDF z,
A
Dec. me-tANS |«




High level decoder diagram

FACy hy w,]

Latent
Prediction Cy

P Cy by W]

| Dec. me-tANS

A

stream-r,

‘ Hyper
Decoder

Net Cy

Hyper

Scale

CDFry [

I, Cy hy w,]

Decoder
Cy

JPEG
A N
stream-z, CDF z,
A
Dec. me-tANS |«




High level decoder diagram

JPEG

FACy hy w,]

Latent domain
Prediction &
Residual decoder
Cy

Stream-zy

Stream-ry

Prediction and Entropy Information

Residual Information




High level decoder diagram

JPEG

4:4:4 or 4:2:0
8 or 10 bits
RGB or YUV
g

)
) S
B —
)
N O
= 2

NN-based
Enhancement
filters (optional)

Synthesis

R[LH W]

[ Chroma sizeT |

A

Xyl 2,H/s;, Ws,)

Trans. Net
Cy

Synthesis

Trans. Net
Cur

stream-z,

stream-r

Stream-z;,

stream-ry;,

Prediction and Entropy Information

Residual Information

Prediction and Entropy Information

Residual Information

No ‘CANAC initialization’ and from let-top to right —bottom
context modeling in entropy part. Entropy parameters for

§’ Latent domain
| < Prediction &
) Residual decoder
& Cy
§r Latent domain
| e Prediction &
s Residual decoder
S Cur
)
=N
C,=160
Cyy =96

each residual tensor element derived locally from z-stream

Al



JPEG Al STRONG conformance

]
1
1
i
1
1
1
:
1
i[O - Latent |]# r.—m—; N Lat.en.t 5 )
! ? E 1 T~ Prediction |_| T Prediction 4 g S
| SH 2 [aEncoder & P T ' AE [} AD F SHEN E
bl S S| 1 1D=01 ' Entrony =1 |—'__ ~ _,—_—, | stream-r_| = £ S
1| B I - opy - £ [CDFr . Entropy O &
LS - t Enc.__-|% . 2
: L 2ie-- ! 7 Y Dec. .
L Xl W] - ; %o[HW]
1 ~
! Xl[H/Sver'W/Shor] i fl[H/Sver'W/Shor]
i XZ[H/Sver'W/Shor] i xZ[H/Sver'W/Shor]
i L ! A J
i ! i T
i Sender ! Reciever
e i
Encoded decoded on same device Encoded decoded on different devices

Bit.-exact behaviors required!!!
= Only integer

= QOverflow aware NN quant

=  Only controllable operations

of

JPEG

Al



JPEG
H A N
convolution layer CONV
2[ C, hs, we] .
QE{]NV[:IK],E,E,deﬂ Out[cout' i,j] = bias[cout] + c;::o Weigth[cinr Cout] * input[cin,s L, ]]:
RelU() i=0, ., hous — 17 =0, e, Wour — 13 Cout = 0, e, Cot — 1
qCONV(3x3,C,C.dz,p2) where “x” is 2D cross-correlation operator with kernel size K, ., X Koy
ReLU()
qCONV(1x1,C.4-4-Cds,p3)
Shu ﬂTE' { 4 4] quantized convolution layer q CONV
Crop( he, wi) .. three-steps operation:
abs() templcin, i,j] = clip(—=d,d — 1, input[ci,, i, j1),
| = 0!""hin - 1; j = 0,..., in — 1; in = 0:---'Cin - 1;
clip(0, ([ Ns—1) << sigmaPrecision))-1) l ! " ‘
Iu[lf, h#, W-i] Rlcout, i, j] = bias[coye] + ng:;; weigth[cip, Coyel * templcip, s - i,5 - j1;

where “x” is 2D cross-correlation operator with kernel size K¢ X Kpoy.

Out[cout: i,j] =(R [Coutv i,j]) > p[cout];
i= O, ey hout - 1;j = 0, o Wout — 1; Cout = 0, ey Cout —1.

LeakyRelLU RelLU

The tensor weigth of shape [Ciy, Coutr Kver» Knor] contains learnable 8-bit integer weights, the tensor bias of

? ” shape [C,ys, ] contains learnable 31-bit integer biases. All parameters weigth and bias are part of learnable
quantized model.

The combination of clipping value d, de-scaling shifts p[c,,:] and magnitude for the quantized model parameters

allows control over bit depth of register R[cyy¢, i, j] (guaranteed to be within 32 bits).




JPEG

JPEG Al weak conformance

: ) - Latent []# rn—mﬁ # || Latent - S

i S| | & : . Prediction _L" T Prediction % £ >

i | £ 2 [ 'Encoder 1 | Ap [SEedmZ T g — EH 2 E

R ] S A s B o By BT i - =1 8] | s

1 < = n ] ~ ntro

PLe Lo i Egg__,rz Li—lLDf'r Z =

{ X[HW] ; %[HW]

i Xl[H/Sver'W/Shor] i fl[H/Sver'W/Shor]

i XZ[H/Sver'W/Shor] i QZ[H/Sver'W/Shor]

i \ ; A J

i Se'nder i Recie'ver
Strong: Bit.-exact behaviors required!!!  Stronger’ conformance point after merging ,Weaker’ conformance
= Only integer prediction and residual in order all ,profiles’, point after synthesis
= Overflow aware NN quant (including future extension) recieve the transfrom allows custom
= Only controllable operations same tensor representaiton for image quantizer for NN




JPEG Al stream structure

JPEG Al code stream

Start

Picture header

I ! I
. Iyy-stream | Tools Header
1 ! 1
i ry -Stream i Rendering Info
] ] ]
z -stream (zy & zyy, ) | Q-inap |
User Defined

End

START END

l code stream segment l

Marker Length data

code stream segments

mandatory optional partitioned

partitioned code stream segment

Marker Length N tiles TilesLengths : TilesO data J " N-1 Tile dataj

Entropy and prediction

A

START END START END




JPEG Al: progressive decoding

Chroma residual
(total C,,= 96)

Cuv 2/

Yuv

Luma residual
(total C,=160 )

Y/

- - ' . m_.’—. *"”_ T .
v Kl

Cyy=16, Cy= 0 (8% bit stream) Ty,=16, C,= 16 (24% bit stream)

e

— A

| — p—

| V=16, C,= 1 (10% bit stream)

Casnully |



JPEG
H A N

Latent domain tiles and ROl decoding

=

Hyper Decoder tiles

MCM tiles

Synthesis

Synthesis Tr. tiles

Residual tiles

ms

o)
(%]
Q

=
=)
=
>

(%]

ROI - Region Of Interest

Residual tiles




Local quality control DecoderiD = 1 DecoderiD = 2

12/11/2024



me-tANS: memory efficient
tabulated Asymmetric Numeral
Systems




Multi-thread coding with me-tANS

S0Q |  CodeStream() S0Z | CodeStream? SOEP  CodeStresmR[0] S0Rs | CodeStreamR[1]

! ! ! !

| me-tANS
Performance: 16 thread vs single thread — only 0.1...0.2% bitstream size increment

v
Num Threads N thread offset 1 .. thread offsetN-1  thred codestream segment 0 - thread codestream segment N-1

i l

Outbound encoding Inboundencoding  Outbound encoding Inboundencoding  Padding

. . c - . - c r . E}rte
HIN  #6N 45N N #IN #6N SN N B3N HIN BN i HIN  HIN N i state ofiem

Outbound: up to 17 bits per element Inbound: up to 8 bits per element
happens with 1% probability

\ )\ J
|
4 elements in each ,round’, inboudn part can be efficiently ,packed’ into 32Y bits register




Bits allocation by JPEG Al and VVC

JPEG Al VVC (QP=constant)

Original image distortion
1336x872

JPEG Al




Design aspects motivated by
implementation cost




JPEG
HE A H
Why colors are separated?
‘:::;.m.
160xH/24xW /24 g
4:4:4 or 4:2:0 5 §
8 or 10 bits ~ . <
RGB or YUV : [ Synthesis Trans. Net Cy T = £
_ - =) Pa— E :
> L * 128xH/2xW/2 &
) ()
0 § NN-based =
£ 8 Enhancement el
Q S - .
9 O filters (optional) 2
= 2 S =
£ = —
= L N 3
§N l«———— Synthesis Trans. Net Cy, <€ < { ‘::ﬂ-
o S 7
X X = O
3xHXW - H/s,xW/s, . i =
-« —> “ - Al I
1 96xH/24xW/24

+—>
96xH/4xW/4 ! peak memory usage

Peak memory usage for 3 colors joint coding for Autoencoder with 256 channels is 256 x W/2 x H/2 = twice higher




H A B
CDF modeled by Gaussian distribution T Latent stream-zy CDF z,
} < Prediction C
(u,0) - 2 parameters e rediction ¢y ‘—L Hyper ,
CDF tables are 2D < Decoder Dec. me-tANS |«
Net Cy
PUCy hy Wy
For residual u =0
CDF tables are 1D | Dec. me-tANS }oL _
A N Hyper
s |
Stream-ry COFry [+ § D::::?);er
& Cy




World’s first smartphone implementation of JPEG Al 6

M_00035_TE_050 jpegel
otal time: 719 ms; BPP: 0,26

Main targets:

1. Demonstrate to the world that
JPEG Al can fly on smartphone right now
even without dedicated chip

2. Identify JPEG Al design issues
preventing deployment on mobile platform as
early as possible

3. Verify device interoperability
of JPEG Al standard

» Device: Huawei Mate50 Pro with Qualcomm Snapdragon 8+ Genl
» Technology stack: C++, Java, SNPE Al acceleration framework, Bolt CPU inference framework

» Features: JPEG Al base profile decoding, high resolution support (4K), tiling




34 Media

Gallery size

Jpg
Jpegai

~2.6 bpp
~0.6 bpp

Demo creators (*)
* Timofey Solovyev

* Tiansheng Guo

* Alexander Karabutov
¢ Kang Ning

* Kejie Shao

* Dequan Yu

* Johannes Sauer




AD - Arithmetic Decoder

JPEG Al mobile device implementation (DeclD=1) HSD - Hyper Scale Decoder

HD - Hyper Decoder
MCM - Multistage Context Modelling

Entropy pipeline (CPU) Prediction and Synthesis (NPU) Renderer (CPU)

________________________________ , e
| | lzY |
| . i | y-Y N Y Pixel
: | AD z (Y, UV) I [ NCHW-> | 1.6M T 107M ey i

—_ > t - I
B (2) ] gl 5 i RGE

- / I ->
: % HSD : M : z_UV y UV ::
' /! B N UV -

i g EYI o : ! i 1o UV =\.: Concat [ J’[> sl})lﬁ(feﬂle g

[%2] 1 Il o
i 4 | . e 0.5M | CPU
| - Gain | CPU NPI’U d | A

. 1 : - ata | Re |
bit Picture Unit : exchange ' NPU-CPU data |
stream I ! |

' Header ' : exchange
| | Parser r o Skip | ' '
1 (o) o 1p 1 1 :
i v | : : :
! NHWC > : : !
I ->NCHW | ! :
| I ! |
| I ! |
: ski : : :
| |
: b v uv v ma k : r (Y; UV) : r_Y :
i r substream (Y, 2 AD | Inverse [: I o | Model size,
' . residuals .| Gain Unit r- ' num paraments
+ CPU (bit exact) ( L I i NPU . P




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.
IW- kKMAC ' ' Time
Test AVG |MS-SSIM| VIF |ESIM| NLPD | SSIM | VMAF |psnrHVS /pxl GPU, x
VVC-012-025-050-075-100 0.0% 0% 0% | 0% 0% 0% 0% 0% 1
VM6.1-EncODec0-tools-off -12.0% -31% 7% |-15%]| -12% -26% | -7% 1% 8 0.0005
VM6.1-EncODec1-tools-off -16.7% -33% 1% [-20%| -16% -29% | -15% -4% 23 0.0005
VM6.1-Enc1Dec?2-tools-off -24.0% -38% -9% [-29%]| -23% -34% | -24% | -11% 214 0.0012

Reference SW e EnCOding' >
JPEG 5
- HZYE J E2EE 2689 Many thanks to Alexander Karabutov —
VVC / H.266 18725 JPEG Al project SW coordinator

Python >
venen JPEGAI < 5(EncO)or 20 (Encl) >




Comparison with VVC Intra

y:31.4 y:29.7
u:38.8 u:39.8
v:39.4 v:40.3
VTM 7 KB JPEG AIVM6.1 7KB
Encoding time: 0:00:12.957 Encoding time: 0:00:00.081

QP =36 025 (CTTC)

12/11/2024 57




Comparison with VVC Intra

VTM 7 KB JPEG AIVM6.1 7KB
Encoding time: 0:00:12.957 Encoding time: 0:00:00.081

12/11/2024 58




Easy way to incorporate to video coding

HEVC v1 coder

HEVC v1 coder HEVC v3 + E2E Al coded Intra frame

HEVC v3 (scalable and multi-view)
I Externally coded frames I




Al coded refPic can be added to any traditional codec

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

JVET-AJ0208 vs VTM (PSNR)

CTU
partition

All Intra (Al) GPU CPU
Y U Enc | Dec | Enc | Dec
ClassC | -5.0% -10.6% 100%|  87%| 113%| 180%
ClassD | -6.4% -15.1% 100%]|  93%| 108%| 133%
Random Access(RA) GPU CPU
Y U Enc | Dec | Enc | Dec
ClassC | -0.7%  -4.6% 100%| 100%] 100%]| 295%
ClassD | -0.9% -6.5% 100%| 100%| 100%| 222%

Complexity DCVC-FM I-frame 525 kMac/pxl

Block
partition
map

Transform |—>| Quantization I—P

Entropy > Bit-
coding stream

nverse
Quantization

1
I
1
1
1
1
1
I
1
1
1
i
v .
Inverse :
Transform !
~ L !
Intra - H
Prediction | Loop Filter I
Display H
Inter W i :
Prediction [ i
L~
> Y i
Motion P :
Estimation | :
T T T T T T T Reference” I Decoded Picture 1
— \ picture list buffer H
1
[~ 1
[~ :
1
1
memory !
I
4 4
E2E NN Coder | ,GPU* or ,CPU


https://jvet-experts.org/doc_end_user/current_document.php?id=14815

ore example of ‘Al synthesized’ RefPicture

wr

Current Frame

e =
E Image-Feature Pyramids Progressive-Recursive Motion Estimation Enhancement and Synthesis E P [ 1T e N (256,256) 256,256) Note: FEB modules of th same colo share weight. Vi
' ] / Input Frames : nput Frames i Rz ; Sum: Sum Operaion. Warp: Backward Warp
| Input Frames N ;’""ﬁ [ l l ] | —Biubic, —Bicubic, i e | 2T:Upsampiing -+ Data Flow Direction
! H 1 . ] 1 T .
' i 4 ! I ] \ 1 [ ' (256, 256) (256, 256)
1 ’ H N | . Backward | ! ; [ 1 4 ] t
; et _'[[i ‘ ]] | U_I - l [ﬂ b : ] (4,256,256] 4.126.128) | ooy | Max-pooling
i i ! i [ n o3
i A O B Flows ! i i : : : 774 —
i Bicubic ! ! P Feature ! : i i (EESEE) Skip Cannecti i) . »
| l H H | B ] : =0 ] (32,256 256) J=0 | (48,128, 728) | k=0 (86464 ! Maz-pooling po - " AL AL ==
! 2 ’ ; B ] !~ Convdxd (s=2) - Cond3(s=2) - ComAd(=) | [m M Coms | comss
| 4-Level N Lo ‘ Motion Estimator ] i ' | ! )
' Feature Extractor —_— ' H i i i (64, 64) (64, 64) Condd [« | - Com3d
! + s + Data Flow ] fr===5 (=] 128128 T j=1| @B e46d) | k=1] (483232 ! — T s k| M cosa
! e i ! | = ] |~ Conv3id (s= |~ Convax3 (s= |~ Convi (s= ; ) )
; lEl:ubn: i 5 | Upsampling ' : O . MESICEN | G P - comaa |7 conaa |
! i i ! ] : :* : C— ; C— ! e o
i -_. 3-Level N ﬁ" L. ‘ m '] . ] i i=z ] @sesch j=2 ] w3232 k=2 @.1516) | i % x : m“% { e‘i }
! Feature Extractor 1, Feature Pyramids ! 1 o~ Convad (s=2) o~ Comvad (s=2) ! i i 2 g &
1 ] it ! 1 ' c i
S - Output Fi : i ! i e i
"\ Note: motion estimators of the same color mean shared weights. prkie— ,’I i """ (=3 ) @48,32,39) | j=3] 81618 i : 5. {) § :g ! IE'{"E
. o ! SomEdlise) ! { represents the level of the image pyramid. H i a £ g ! Flow Estimation Flow Estimation
~ = = = = 4 ' | i jand k represent the level of the feature pyramids. | P Fo Blocki (FEBT) Block2 (FEB2)
N T - — P—y i | ' f i
[ ghtweight Unified e Frame (URFS) | v N R i L -
Decoded Reference
The Overview Framework | Picture Buffer Picture Lists
of Video Coding |  — T
In-loop Filter v Motion "1
T L. _Es_tiwla_ti_on__ i
f M 00000 o mmmm "
Bitsream & S5 weten BD-rate Random Access .
| | Compensateon Source kMAC/pxl Param, M Training set
Entropy Scaling and “ D" | Inter Prediction Y U \Y%
Coding Inverse Transorm T, -V-E:Tltﬁﬁ L L --Ugy---- F/—— 5] F/------- ————————7 ———-m ] - = .
VET: -0.6% 03% 03% 69 9 500 N

]
QuantizationH Transform I-— L VET‘AH0107 ______ __'1_7_%L_ __'_l_é_%_-___:l_i%_______—___é_g____ ____2_9____ Vl_m_eg-QQK_tr et r .
[VET-AHO0107 -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

IFRNet variations ... ..
Very strong dependency on training data set...



https://jvet-experts.org/doc_end_user/current_document.php?id=13678
https://jvet-experts.org/doc_end_user/current_document.php?id=13989
https://jvet-experts.org/doc_end_user/current_document.php?id=13989
https://dms.mpeg.expert/doc_end_user/documents/148_Kemer/wg11/m69634-JVET-AJ0099-v1-JVET-AJ0099-v1.zip

Take away...

» Al codec standard development requires slightly different methodology

» Not only CPU run time, tools with million parameters — training cross-check, kMAC/pxl is very rouEh
complexity measure - real mobile device implementation in parallel with standardization — great help!

» Al coding tools coding can become a reality (as standard or/and product)
» E2E Al image codec (20 kMAC/pxl) can work on Smartphone
» Remember: ‘CPU-GPU’ data transfer to minimize, overflow aware NN quant, not every NN operation can fly...

»Some attractive features come almost for fee with E2E Al codec (more painful for traditional codec)

> Region of interest or partial decoding, progressive decoding, single stream multiple decoders, vision for
machine and human from same bit-stream, easier perceptual optimization, ultra-fast encoder ...

»No need to choose ‘traditional’ or ‘E2E Al’ codec! Both!
» Just an example: Al coded external reference picture (can combine with HEVC v3 right now)...




I'm deeply grateful for the
@[mcd]@rffuﬂﬂ team we have!l!
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Unified Streaming




Thank you for attention!!!




