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Open optimized VVC implementations
Available on GitHub since Sep. 2020

Fraunhofer HHI

@ Berlin, Germany @ hitps://www.hhifraunhofer.de/en.html 3 github@hhi.fraunhofer.de
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*  Fraunhofer Versatile Video Encoder (VVenC)

[ Repositories 9 @ Packages A People 17 Ay Teams 4 [M] Projects

https://github.com/fraunhoferhhi/vvenc R -

vvenc | Public

Fraunhofer Versatile Video Encoder (VVenC)

*  Fraunhofer Versatile Video Decoder (VVdeQ)

Cc++ ¥ 92 Yrae9 (D6 (2issuesneedhelp) 31 Updated yesterday

- . vvdec | Public
https://github.com/fraunhoferhhi/vvdec

h266 decoder wve

@c++ %55 Yr23s (O3 §92 Updated 19 hours ago

* Fraunhofer VVdeC Web Player

vvdecWebPlayer ( Pubiic
A minimal proof-of-concept VVC player for the web using WebAssembly

video mp4 wc  h266 wasm

https://github.com/fraunhoferhhi/vvdecWebPlayer — ©e= ¥#: 0 ©0 fe weiine
NEW: Copyright BSD 3-clause clear license (since Mar. 2022)
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https://github.com/fraunhoferhhi/vvdec
https://github.com/fraunhoferhhi/vvdecWebPlayer

VVenC v1.5
Main changes since January 2022 (v1.3.1):

GOP-based scene-cut detection (v1.4)
Improved presets:
Speedups: ~10% - faster, fast, medium, ~7% - slow and slower
BD-rate efficiency improvement: —1.3% - fast and faster
Improved rate-control stability for noisy input and scene changes
Arbitrary intra periods (not required to be multiples of GOP size)
Added low-decoding-energy preset (~medium efficiency)

Various fixes and improvements
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VVenC

JVET CTC Performance — YUV PSNR for HD und UHD (PSNR optimized)

0%

-5%
-10% faster \
-15% AN
-20% »
-25%
-30% S~
-35%
-40%
-45%

-50%
0,4% 0,8% 1,6% 3,1%

PSNR BD-rate
']

HM-16.24

~— -

6,3% 12,5% 25,0% 50,0%

EncT

m HM-16.24

¢ VTM 15.0

¢ VTM 16.0
--0--VWenC0.1.0.0

o VWenCO0.2.1.0

e VWenC1.0.0
--0--VVenC1.5.0

VTM 15.0
o®
VTM 16.0

200,0% 400,0% 800,0%

HM and VTM single-threaded, MCTF enabled

VVenC multi-threaded - 8 threads for 0.3 and 1.0, otherwise 6

© Fraunhofer HHI | 11.07.2022 | 4

JVET-AAQ0154

 Fraunhofer

HHI

\!



VVenC

JVET CTC Performance — YUV PSNR for HD und UHD (PSNR optimized)
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VVenC
JVET CTC Performance — YUV MS-SSIM for HD und UHD (QPA)
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VVenC
JVET CTC Performance — YUV MS-SSIM for HD und UHD (QPA)
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VVdeC v1.5.0
Main changes since January 2022 (v1.3.0):

® ARM support

Windows Linux MacOS X Android i0S Browser (WASM)
Enabled by using Wing2  / x86 Edge v
x64 v  x86_64 v  x64 v Firefox v
S I M D eve ryW h ere armv7 O armv7 O armv7 [0 amvz [ | Chrome V4
N at | ve p I ayba C k on aarch64 [] aarch64 / arm64 / aarch6d / arm64 [] | Safari X

V/ tested and works [] needs testing (might already work) ) does not work

Android and M1 Macs
B Various fixes and improvements

Fixed sanitizer problems, critical race condition and a conformance bug

Improved scheduling

Refactoring and code cleanups
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VVvdeC
Android Playback with MPV media player

B MPV media player on Android using
aarch64 build of VVdeC

B 1080p60 10bit @ 3Mbit/s VVC coded
video playback on Samsung

Galaxy 7+ (Snapdragon 865+)
Galaxy 8 (Snapdragon 8 Gen.1)

® 5h non-stop playback with engery _
optimized encoder settings as described
in upcoming ICIP paper

https://arxiv.org/abs/2206.13483

=
* M. Kranzler et al., “Optimized Decoding-Energy-Aware Encoding in Practical VVC Implementations,” to appear in proceedings of ICIP 2022. % FraunhOfer
HHI

\



VVdeC
Browser Playback with WebAssembly

Simple web player using

EAUCE

WebAssembly (WASM) build of —
VVvdeC Rt L

.
' g . B LSRG AN

-

WebGL for playback
MP4 support using mp4box.js

1080p60 10bit @ 3Mbit/s VVC coded
video playback in Edge, Firefox,
Chrome on MacBook M1

Sources available on GitHub:

https:/qithub.com/fraunhoferhhi/vvdec\WebPlayer
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End-to-End Open-Source VVC Toolchain

Components used in a full VVC open-source toolchain

B Encoding

ISOMBBF incl.

\VVVenC - standalone VVC encoder

Raw YUV Video —)

Enocoded audio
track -]

Hementary

VVC (.mp4)
DASH
manifest
Live stream

vvC

Stream

B Muxing - Transport — Demuxing VVenG

GPAC

GPAC - integration in upstream repo
Supports open GOP resolution switching

a) Encoding/Muxing

. ISOMBBF incl.

VVC integration dependent on FFmpeg

(libavcodec) D AHes 7 Playbac

B Decoding ffpllay MP4CIientI (GPAC)
VVdeC - library embedded in FFmpeg T libaveodec (ffmpeg)

® Playback VVdeC
FFmpeg (libavcodec) —in a fork b) Decoding/Demuxing/Playback

\
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* R. Skupin et al., “Open GOP Resolution Switching in HTTP Adaptive Streaming with VVC”, Picture Coding Symposium 2021, Virtual Conference, Jul. 2021. % FraunhOfer
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End-to-End Open Source VVC Toolchain
Where to find the and how to setup the SW

VVenC: https://github.com/fraunhoferhhi/vvenc
make install install-prefix=/usr/local

VVdeC: https://github.com/fraunhoferhhi/vvdec
make install install-prefix=/usr/local

FFmpeg: https://github.com/tbiat/FFmpeg
.Iconfigure --enable-libvvdec --enable-pic --enable-openssl --enable-libxmI2
make -j && sudo make install

GPAC: https://github.com/gpac/gpac
.Iconfigure --extra-ldflags="-WI,-Bsymbolic' --extra-ldexeflags="-pie'
make -j && sudo make install

ACM Open Access Paper: https://dl.acm.org/doi/10.1145/3474085.3478320
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Annex A - Additional resources
VVenC and VVdeC wiki pages

Most recent information on:
® How to build?
How to use?

|
B Performance
|

Publications

https://github.com/fraunhoferhhi/vvenc/wiki

https://github.com/fraunhoferhhi/vvdec/wiki

Home

Christian Lehmann edited this page 7 days ago - 46 revisions

Compiling, installing and developing
for VVenC

2V \VenC: Fraunhofer Versatile Video Encoder

VVenC is a fast and efficient VVC encoder implementation. After the release of the initial

Usage Performance ~ Pages @
Using Encoder Performance and Find a page.
VvenC comparisons

- Home

VVenC: Fraunhofer Versatile
Video Encoder

Overview

Features at a glance

version in September 2020, performance and runtime are improved in each next version. Publications
Contributing
The graph below shows the presets' development over time in multi-threaded operation References
(0.1-0.2: 6 threads, 8 threads for later versions).
» Build
VVenC: Runtime vs PSNR BD-rate
o% » Changelog
HM1624 @ HM-16.24
5%
\ O faster ® VIM150 *» Encoder Performance
10% \ ° VIM160
\ » License
15% 3 ©--WenC0.1.0.0
\ --e--WenC021.0 » Publicati
o Publications
£ --e--WenC 100
8 2% -e--WenC150 » Usage
H medium
& a0%
Clone this wiki locally
35%
VIM150 | https://github.con/fraunh | ()
0% -

Home

‘Adam Wieckowski edited this page on 20 Apr - 51 revisions.

Bui

Usage

Compiling, installing and developing for WdeC ~ Using VWdeC
°VVdeC: Fraunhofer Versatile Video Decoder

Introduction

In July 2020 the Joint Video Experts Team (JVET), a collaborative project of the ITU-T Video
Coding Experts Group (VCEG) and ISO/IEC Moving Picture Experts Group (MPEG), has
finalized a new video coding standard called Versatile Video Coding (VVC) 2. WC is the
successor of the High Efficiency Video Coding (HEVC) standard ** and has been published
by ITU-T as H.266 and by ISO/IEC as MPEG-I Part 3 (ISO/IEC 23090-3). The new standard
targets a 50% bit-rate reduction over HEVC at the same visual quality. In addition, VVC
proves to be truly versatile by including tools for efficient coding of video content in
emerging applications, e.g. high dynamic range (HDR), adaptive streaming, computer

Il as i tions like 360-degree video and augmented

reality (AR).

The Fraunhofer Versatile Video Decoder (VVdeC) development was initiated to provide a
publicly available and fast VVC decoder implementation. The VVdeC software is based on
VVC Test Model (VTM), with optimizations including software redesign to mitigate

P ce bottlenecks, imizati ive multi-thread
support to exploit parallelization.

VVdeC can decode raw bitstreams created by any VVC standard compliant encoder, e.q. the

- Pages @
Find a page.

- Home
VVdeC: Fraunhofer Versatile
Video Decoder

Introduction

Feature overview
Supported architectures

Performance history

Publications

Contributing

References

> Build
» Changelog

> How to use VVdeC

> License
> Publications
Clone this wiki locally
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Annex A - Additional resources
Publications

J. Brandenburg et al., “Towards Fast and Efficient VVC Encoding”, IEEE 22nd Workshop on Multimedia Signal Processing
(MMSP 2020), Tampere, Finland, 2020.

B. Bross, C. Helmrich, A Wieckowski “Versatile Video Coding — Open Optimized Implementations”, \Workshop on the
IEEE Picture Coding Symposium (PCS) 2021, Jul. 2021.

A Wieckowski et al., “VVenC: An Open And Optimized VVC Encoder Implementation” 2021 IEEE International
Conference on Multimedia & Expo Workshops (ICMEW), 2021, pp. 1-2

C. R. Helmrich et al., “A study of the extended perceptually weighted peak signal-to-noise ratio (XPSNR) for video
compression with different resolutions and bit depths”, in ITU Journal: ICT Discoveries, vol. 3, no. 1, May 2020.

R. Skupin, C. Bartnik, A. Wieckowski, Y. Sanchez, B. Bross, C. Hellge, and T. Schierl, "Open GOP Resolution Switching in
HTTP Adaptive Streaming with VVC," 35th Picture Coding Symposium (PCS), Bristol, US, June-July 2021.

R. Skupin, C. Bartnik, A. Wieckowski, Y. Sanchez, B. Bross, " Constrained RASL encoding for bitstream switching, "
document JVET-WO0133, Joint Video Experts Team (JVET), July 2021.

L
JVET-AA0154 ~ Fraunhofer
HHI

\


https://youtu.be/IWPBuS2diVg
https://ieeexplore.ieee.org/document/9455944
http://handle.itu.int/11.1002/pub/8153d78b-en

Annex B — Encoder comparison settings
Encoding with preset P for quality Q

HD and UHD sequences from JVET common test conditions JVET-T2010:

https://jvet-experts.org/doc end user/documents/20 Teleconference/wqg11/JVET-T2010-v2.zip

Command line options for x265* encoder (no sequence specific parameters) tuned for
PSNR (T = psnzr) or MS-SSIM (T = ssim)

-D 10 --preset P --tune T --crf Q --keyint <1s> --min-keyint <1s> --profile mainl0 --
output-depth 10

* optimal multithreading with x265 is achieved by restricting the number of CPU cores to be used to the desired
number of threads (e.g. 8) since x265 determines the best combination of frame level and WPP parallel threads.
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