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JPEG XS is a tailored mezzanine codec for video over IP

ISO/IEC 21122

= JPEG XS is a standardized image codec with very low complexity 4320 g
and ultra low latency for video over IP transmission
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Application areas lines
2160 €« e ?160p60
= Video production and contribution
* In-house distribution, In-car communication, ... 1080 < 1080p60
Main goals
100Mbps 1Gbps 10Gbps 100Gbps
= Replaces SDI and uncompressed video transmission Data rate

= Where bandwidth is not the highest priority

= Good compromise between quality and complexity by preserving
lowest latency

= Typical compression ratios 2:1 to 10:1 (16:1 for 8k)
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JPEG XS architecture

ISO/IEC 21122

Normalized to 20 bit (good for images with bit depths up to 16 bit
per component, for mathematically lossless special handling)

Simple RCT color transform for RGB (same as used in JPEG 2000)

LeGall 5/3 wavelet transform with max. 2 vertical and 5 horizontal
transforms

Slicing of transformed coefficients equivalent to 16 lines
Rate control on each slice, for UHD-1 (4k) ends up in 135 slices
In hardware e2e latency can be 32line, in software below 200 lines

Coding of 4 coefficients at once with MSB, entropy coding and if
necessary simply raw transmission of lower bits
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Test images

o I

‘ﬁ"x‘imf“\”" | | .
i N
4 =4y

Y T
v | g

Sequence ARRI_AlexaDrums Sequence RICHTER_ScreenContent

\

public Z Fraunhofer

s



JPEG XS drawbacks of limited transforms and area for rate control

Natural images
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Screen content/semistatic scenes
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JPEG XS ultra-low latency implementation example

How ultra-low latency can
. Framestart at Framestart at
be achieved: SOl input DI output

i frame n

= Splitting slice processing to

|
multiple threads

Framebuffer filled on Capture Card

I
I (=1 frame) ?' /4 /4
DMA transfer I N N NN /l/ // /
every /4 . Y / H
slicegroup I \ 51' g" \ B IP-Packet Management and Traffic Shaping for frame n ./ // '-;E
= Possible configuration for HD : B iy fnc,Thiead 1 NyDatato 1P A K 5
. . Wiy EncThread 2 "\ Datato IP | :
Wt R ;Y :
I I E EEncThrea(iH MgDatatolP S J E
5-10 slices per thread 21k W : //: E
6-12 threads I : I :
| Latency Outbut buffer filled on Playout Card
| Encoding : (=1 frame)
: L IP to Data’\4 Dec Thread 1 DMA transfer I
IP-Network ‘L IP to Data "\ DecThread 2 4 to output I
| Delay ’LIP buffer |
to Data ™4  Dec Thread 3 .J
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JPEG XS ultra-low latency implementation example

Software processing time

= Example for HD
5-10 slices per thread (slicegroup)
6-12 threads

= Figure shows software processing time for AMD
Threadripper 3970X at 3.7GHz

= Nearly linear behavior down to 3 slices per slicegroup

ms
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JPEG XS 24 edition Bayer CFA compression

Adding special processing tools for CFA data

. . Delta PSNR
= RCT replaced by non-linear point transform and RCTD or 5
I I
Star-Tetrix transform i |
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Bayer > RCTD —» ) i ; i
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= Star-Tetrix implements the following steps: v 2 L ______ . L=
Z H s i -E'o’
w i =
o £
ke |
- - g JEI !l_‘.g
: e
Compute C,, C, Compute luminances 1 |
i RCTD 1v/linear O
i StarTetrix 1v,eNLT,Skip @
YCgCoD 1v,eNLT,Skip & -
5 Mohammed-Wahid 1v,eNLT  *
| . Zhang-Wu 1v,pNLT [ |
3 4 5 6
Compute Compute Bitvate [bpp]
A luminance difference average luminance

==
public % Fraunhofer

s



JPEG XS 3" edition screen content compression

Adding special processing tools for screen content

Adding framebuffer and temporal differential coding

= No motion estimation and motion compensation

Keeping latency

Framebuffer is further quantized to reduce memory
(kind of framebuffer compression)

Intra/residual coding decision applied to group of consecutive
wavelet coefficients or complete wavelet band
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Test sequences
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JPEG XS 3" edition screen content compression

Natural images

51

49

a7

PSNR [dB)]
-
L9}

F
[

41

39

37

Alexa Drums seq. average PSNR

B . —— JPEG-XS 3rd Ed. FB-9bpp
@ - - = JPEG-XS 3rd Ed. FB-Tbpp
Fl'; —o— JPEG-XS 3rd Ed. FB-Shpp
rd --3--- JPEG-XS 1st Ed.
0.5 1 1.5 Zz 2.5 3 3.5 4 4.5

Bitrate [bpp]

public

PSNR [dB)

Screen content/semi-static scenes
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PSNR/dB

JPEG XS 3" edition screen content compression

Natural images
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JPEG XS Development

Standards Ecosystem

STAN DARDS

e e o o e e —

= Core Coding System: ISO/IEC 21122-1

= Profiles: ISO/IEC 21122-2

= File formats, transport: ISO/IEC 21122-3 (JXS, ISOBMFF, HEIF)
= Conformance: ISO/IEC 21122-4

= Reference Software ISO/IEC 21122-5

= MPEG-TS for JPEG XS: ISO/IEC 13818-1:2019/AMD 1:2020

= RTP for JPEG XS: IETF RFC9134
= File format MXF for JPEG XS: SMPTE ST2124

= VSF TR-07 (JPEG XS Video in MPEG-2 TS)

= VSF TR-08 (JPEG XS Video in ST 2110),

= AMWA BCP-006-01 (NMQOS With JPEG XS)

= AIMS/VSF TR-10-11 (IPMX, CBR compressed Video)
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Next steps and summary

Next Steps

= Finalizing standardization of 3rd edition of JPEG XS for
improved compression of screen content/semi-static scenes
ISO IEC 21122-1 DIS
ISO/IEC 21122-2/3 CD
= Testing other application areas for this codec

Summary

= JPEG XS is designed as an optimized codec for a special use case
Very low complexity
Ultra-low latency
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