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

NNVC tools box
NNVGLLOSWiools: |KMAGpX | NumParamM _

NNLF neural network-based irloop filter
LOP (Low Operation Point)

CALOP content adaptive LOP 17 0.2

VLOP (Very Low Opergtion point) 5 01

CAVLOP content adaptive VLOP

HOP (High Operatidpoint) 466 1.4
NNIntrac¢ neural network-based Intra 5 1.3
NNSR; neural networkbased super resolution 5 0.1
NNPF¢ neural networkbased posfilter 17 0.2
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Unified NNLF
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Can we really use GPU for video decodin

Requirements:
Bit-exact computations!!!!

How to achieve?
Only integer operation (controlled in NNVC):
Training in float, inference int 16

Overflow aware neural network quantizerdt controlled in NNVC)
Even all multipliers are int 16, accumulated register can be larger than 32 bits (overflow

Some implementation efforts:
C++A SADLrhost of us stop heje
C++A libtorch (most of us stop hej&y CUDArfeed to go to this level to control GPU
PythonA pytorch(most of us stop hej&y CUDArfeed to go to this level to control GPU

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

LAY QiU AG (22 YdzOKK {AYAfI NI 02 {La5 AYyadaNHzOlA2ya
(my estimatg using LOP of NNVC one can+#% BDrate gain,Jess thar? 1.1Ench, less thar? 1.5DecT- vs VVC
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SIMILAR, BUT DIFFERENT




How do we useanageson a Smartphone?




No zooming
focus on
actions & moving

T




Use on a smartphone: image/ideo

Images Video
8K and higher v VvVvC 2K° 4K
x AAE Al 1l Fiel i H.266 strong conformance (bit exact)

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

4EA TT1U OAAT AQET ¢ A) Oftline encoding
#ADODOOA O Al AT AA (You Tube, Netflix,TikTok3

i UAOIT 1 AO ATAUQ} .
B) Low-latency encodin

$ AATpAA £OAI AO DA
Pil xAO AT 1 001 b
AAAT AAO x OAOA




Image shanng ecosystem

,// sender \‘ 1 W Chat (0 4tgecelver \\‘
: | e a
! IPhone 13 Prg3 bpp) | M ,5(\1280Eq)707 |
: 30243 4032 : : * If image transmitted w/o dowssampling :
: : : then downloading takegninutes! :
[ I [ ] I
i i TR KakaoTalk0.3bpp) i
! ! : A 15303 2040 !
| Samsung S23 bpp) | g |
| 6120% 8160 | i i
I I i | DAWhatsApp(0.3bpp) :
i | i | A 3840° 5120 |
! ] Google Pixgl6 bpp) I l i I
i 30243 4032 i i @\Telegram(0.5bpp) i
| o i J A 9603 1280 ;
R 20 A0a 3 ABYARN 57 NY & 02 NI ‘\ standardCODEC for transmission (lower r,a(e)

hLlja O2 YLINKaaArzy adatt ySSRE
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Codec (*) CPU Encoding, s

JPEG 5
HEVQ H.265 2689
VVC [ H.266 18725
(*} reference SW 5+ hours !l

O

Encodersseatch fornmoederm codeecomes
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JPEG Al performance evaluation

TEST CONDITIONS, ADOPTION CRITERIA

T







How to ensure against overfitting?

00002_TE_2144x1
424 _8bit_sRGB

00001_TE_2096x1
400_8bit_sRGB

00003_TE_1944x1
296_8bit_sRGB

00004_TE_1808x1
352_8bit_sRGB

00005_TE_1336x8
72_8bit_sRGB

00006_TE_1544x1
120_8bit_sRGB

00013_TE_3680x2
456_8bit_sRGB

00011_TE_1512x2
016_8bit_sRGB

00012_TE_1920x1
280_8bit_sRGB

00022_TE_1248x8
32_8bit_sRGB

00014_TE_3680x2
456_8bit_sRGB

00015_TE_1744x2
000_8bit_sRGB

00016_TE_1192x8
32_8bit_sRGB

00026_TE_1784x1
296_8bit_sRGB

|y

00024_TE_1536x1
024_8bit_sRGB

00023_TE_2464x1
640_8bit_sRGB

00021_TE_2192x1
520_8bit_sRGB

00025_TE_1984x1
320_8bit_sRGB

\

00033_TE_2120x1

00031_TE_1752x1 00032_TE_7680x5 00034_TE_1072x9 00035_TE_877x16 00036_TE_998x16
856_8bit_sRGB 120_8bit_sRGB 608_8bit_sRGB 28 8bit_sRGB 58_8bit_sRGB 75_8bit_sRGB
- Ii i
! I ? n
00041_TE_3374x5 00042_TE_2787x4 00043_TE_945x34 00044 _TE_1430x1 00045_TE_2533x1 00046_TE_2816x1
055_8bit_sRGB 004_8bit_sRGB 0_8bit_sRGB 834 _8bit_sRGB 897_8bit_sRGB 878 _8bit_sRGB

00007_TE_1472x9
76_8bit_sRGB

00017_TE_1280x8
48_8bit_sRGB

00027_TE_3680x2
456_8bit_sRGB

00037_TE_5616x3
744 _8bit_sRGB

00047_TE_2500x1
875_8bit_sRGB

—r— o -
DOEOVG 3 Ililin m—

00008_TE_1912x1
272_8bit_sRGB

00018_TE_3032x1
856_8bit_sRGB

00028_TE_800x 12
00_8bit_sRGB

00038_TE_8160x6
120_8bit_sRGB

00048_TE_2500x1
667_8bit_sRGB

00009_TE_1976x1
312_8bit_sRGB

00019_TE_1920x1
080_8bit_sRGB

00029_TE_976x14
72_8bit_sRGB

L1

00039_TE_5464x3
640_8bit_sRGB

m
00049_TE_5566x3
569_8bit_sRGB

00010_TE_1744x1
160_8bit_sRGB

00020_TE_3680x2
456_8bit_sRGB

¥

00030_TE_560x88
8_8bit_sRGB

00040_TE_7394x4
932_8bit_sRGB

00050_TE_3976x2
652_8bit_sRGB

For camera captured content 7 metrics (8SIM, VIF, VMAF, 185IM, FSIMysnrHVSNLPD) measured, BBte computed §¥

JPEG Al Test Set
50 camera
captured images

1=
TrainingSet
120K+patches from 5000+
camera captured images
17K4synthetic patches
from screen content and
generated

ValidatiorSet
350+ images

Not
enough

A



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

=R 4 50 s
T e ) -

i)

-
Y LT 2 HRST 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 &DRBual tests



JPEG Arashtest =t

12 very challenging images

14014 TE_1280

15003_TE_1280  15004_TE_1920
x800_8bit SRGB  x800_8bit sSRGB  x1920_8bit sRG
pPng -png B.png

17001_TE_1920
x1160_8bit_sRG
B.png

17002_TE_1920
x920 _8bit SRGB

.png

17003_TE_1920
x920 8bit SRGB

.png

e A AN
-':u'~ .'f:x‘. g
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B W Pt

15005 _TE_1280
x800 8bit sRGB

.png

17004 TE_1920
x1472_8bit sRG

B.png

16002_TE_640x
443 8bit sRGB.
png

17005_TE_1 920
x999 8bit SRGB

.png

@l '.'.'
el 0O

’

=gy T} 1} )
s o0e
16003_TE_1280
x1280 _8bit sRG

B.png

Aol

?
17006_TE_19
x1200_8bit_sR

B.png




Common training set
CCO license

Common test conditions:
https://ipeq.org/ipegai/documentation.htmi

Unified metrics computation:
https://qitlab.com/wgl/ipeg-ai

Training crossheck
after independent rdraining
testing results within 0.1% Biate

b2 RANBOYW | R2LIAZ2Y

1ff GSydlridA@Ste | R2LWS
' VRt NSAY SR 0@ {Az 02 2 NR
LYOdSaANFYGAZY |/

R
AY

NY I 60f S éz%

Crossplatform:
CPU, GPU, NPU, Raspberry &oss platform
encoding & decoding

5SOA0S AVGESNRPLISNI 0Af AGE
{GNRAOG YIUGKSY#BE&ER Ot LINE 2
O2YLMzi I GA2ya AYS EHIINE LIRS
bb IjdzZoy G AT SNJ

Smartphone implementation
For Huawei (witfsnapDragonand iPhone

a20AfS RSOBRIRSRROAABZKYYS
.l aSR ﬁ E?At avﬁ (i
v &5 0L ERRT M VR Srs i
%%%ﬁNﬂy'uxvs 2y Y2o0Af S R



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

JPEG Al evolution

Compression vs computaitonal complexity
-30%

-25% o =
a2/23 JPEG AJDIS vs VVC Intra

£ 20%
|-
KMAC 3 DecT | 3 DecT | 2 EncT
S leo BDrate
2 /px| GPU CPU GPU
E 0% ® /23 VM6-Ecn0DecO -12.0% 8 0.4 1 0.0004
& ® az/23 \VVM6-EcnODecl -16.7% 23 0.4 2 0.0005
59 VM6-EcniDec2 -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)

OLC / hatw9{ {95 La! D9 o JREFELIMAGE(TOIAL SIL4E®F §HEg
al! D86 cY.{ IMAGE 1272KB.

I
L




Image sharing though messengers

WECHATRANSFERRED IMAGE WITH SCALING ANBEG\I IMAGE WITHOUT RESCALING. TOTAL
REENCODING. TOTAL SIZE OF THE INABKBS SIZE IS 272 KB.

=




Visual quality analysis

9 VM SHdl 2 2 f rADeApLTF n ddpLJLI




Visual quality analysis

0 6

@ 22 f{HoRIET

(LoD, 5 el
A 2




0.25bpp

MSSSIM ©.9766
PSNR/ 836 _
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JPEG Al: single stream multiple decodes
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JPEG Al: single stream multiple decodes
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JPEG Al: what else can we do?
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Performance test results

5poi nt-sat0O8 @2 205.,6. 715.)0
BD rat e-0vdQ 2\B\6D 7-5 00 Dec. complexity Enc.
IW- kMAC Time

Test AVG |MS-SSIM| VIF |EFSIM| 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-Enc1Dec2-tools-off -24.0% -38% -9% [-29%]| -23% -34% | -24% | -11% 214 0.0012
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Al coded refPic can be added to any traditional c«

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

JVET-AJ0208 vs VTM (PSNR)

:f)—bl ¢ NI ya t’—}'\IJQuantization |—> Egt(;ﬁ%y —> st?eita-lm

v

Inverse
Transform

Intra
Prediction

Inter

Prediction [~

Al | |l ntra (Al )GPU CPU
Y U \ Enc | Dec | Enc | Dec
Class C| -5.0% -10.6% -8.8% | 10094 879 113% 180°
ClassD| -6.4% -15.1% -12.4% | 10094 93°% 108% 133%
Random Access(RA) GPU CPU
Y U \Y Enc | Dec | Enc | Dec
ClassC| -0.7% -4.6%  -3.2% | 100 100% 100% 295%
ClassD| -0.9% -6.5%  -59% | 1009 100% 100% 222%

Compl exi-FW-fDQB2IEMdpcx |

>b) v
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Reference v 5SO2RSR 1 A0ldz
picture list — —~= 0dzF¥SN
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https://jvet-experts.org/doc_end_user/current_document.php?id=14815

More example of ‘Al synthesized” RefPicture

Source Y BDrate RSndom Acces\s} kMAC pxI Param, M Training set
T VERD 2™ """~ TT06% [ TOE% C[CTOEWM T TTTe T T T T T T T T T HAS00 T TN T LG
1 UDVETAH0107 -1.7% -1.6% -1.3% 69 | 2.9  |[Vimeo-90K triglet ]
VETAH0107 -2.6% -1.8% -1.5% 182 2.9 \Vimeo-90K triplet
JVETAD099 -3.5% -4.4% -4.3% 727 2.9 \Vimeo-90K triplet
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