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Abstract
This document provides updated information on features, coding efficiency and runtime for version 1.6.1 of the open VVC software encoder VVenC released in September 2022 and version 1.6.0 of the open VVC software decoder VVdeC released in September 2022. In addition, an example implementation of a web-based player that enables to use VVdeC for VVC playback in a web browser has been made available on GitHub.
[bookmark: _GoBack]A 3rd party effort has been started in October 2022 to add VVC encoding and decoding support to FFmpeg with VVenC and VVdeC. The patches are currently under review.
Main changes for VVenC v1.6.1 since version 1.5.0 include:
· Faster presets: ~15% for faster, fast, medium, ~5% for slow (1.6.0) and ~18% for slower (1.6.1)
· Minor efficiency improvements (1.6.0)
· Major RC stability improvements, especially for 1pRC, high rates (1.6.0) and low rates (1.6.1)
· Bugfix to multi-threaded encoding with tiles (1.6.1)
· Added auto-logic for correct tickspersec setting (1.6.1)
· Made apputils an internal header only lib, fixing linking problems (1.6.1)
· Optimized non-RD-optimized quantization (1.6.1)
· Various cleanups and improvements
Without QP adaptation for subjective optimization and 8 threads the following PSNR-based YUV BD-rates compared to HM-16.24 (GOP16+MCTF) as well as speedup factors compared to HM-16.24 and VTM-17.2 (GOP32+MCTF) are reported for different presets and JVET class B (HD), class A (UHD) as well as both (HD4K) test sequences:

	Preset
	HD
	
	
	UHD
	
	
	HD4K
	
	

	
	PSNRYUV
BD-rate
vs. HM‑16.24
	Speedup
vs. HM‑16.24
	Speedup
vs. VTM-17.2
	PSNRYUV
BD-rate
vs. HM‑16.24
	Speedup
vs. HM‑16.24
	Speedup
vs. VTM-17.2
	PSNRYUV
BD-rate
vs. HM‑16.24
	Speedup
vs. HM‑16.24
	Speedup
vs. VTM-17.2

	FASTER
	-9,8%
	210x
	1400x
	-14,3%
	250x
	1500x
	-12,3%
	230x
	1500x

	FAST
	-22,4%
	110x
	760x
	-24,9%
	140x
	860x
	-23,8%
	130x
	810x

	MEDIUM
	-31,9%
	32x
	210x
	-34,9%
	43x
	270x
	-33,5%
	38x
	240x

	SLOW
	-35,7%
	9,8x
	65x
	-38,3%
	14x
	87x
	-37,1%
	12x
	77x

	SLOWER
	-39,0%
	2,4x
	16x
	-41,6%
	3,4x
	22x
	-40,4%
	2,9x
	19x



With QP adaptation for subjective optimization and 8 threads, the following MS-SSIM-based YUV BD-rates compared to HM-16.24 (GOP16+MCTF) as well as speedup factors compared to HM-16.24 and VTM-17.2 (GOP32+MCTF) are reported for different presets:

	Preset
	HD
	
	
	UHD
	
	
	HD4K
	
	

	
	MS-SSIMYUV
BD-rate
vs. 
HM‑16.24
	Speedup
vs. 
HM‑16.24
	Speedup
vs. 
VTM-17.2
	MS-SSIMYUV
BD-rate
vs. HM‑16.24
	Speedup
vs. 
HM-16.24
	Speedup
vs. VTM-17.2
	MS-SSIMYUV
BD-rate
vs. 
HM‑16.24
	Speedup
vs. 
HM-16.24
	Speedup
vs. VTM-17.2

	FASTER
	-19,2%
	210x
	1400x
	-18,0%
	240x
	1700x
	-18,6%
	230x
	1600x

	FAST
	-30,8%
	110x
	790x
	-29,5%
	130x
	940x
	-30,1%
	120x
	870x

	MEDIUM
	-37,3%
	31x
	220x
	-38,3%
	42x
	290x
	-37,8%
	37x
	260x

	SLOW
	-40,5%
	9,8x
	69x
	-41,6%
	14x
	96x
	-41,1%
	12x
	83x

	SLOWER
	-43,1%
	2,4x
	17x
	-44,6%
	3,4x
	24x
	-43,9%
	2,9x
	20x



Main changes for VVdeC v1.6.0 since version 1.5.0 include various fixes and improvements:
· Added an allocator API to reduce copying to application buffers 
· Fixed conformance (VPS handling, SbTMVP) 
· Improved build (reduced exported symbols, fixed Xcode build) 
· Minor speedups and improvements


Introduction
The VVC test model (VTM) [1] serves as a common reference implementation, i.e. a test bed for evaluation and verification of proposed technologies during standardization. While VTM used to be the only publicly available encoder and decoder implementation of the VVC standard, it is aimed at correctness, completeness and readability and should not serve as a real-world example of a VVC encoder and decoder. The Fraunhofer Versatile Video Encoder (VVenC) [2][3] and Decoder (VVdeC) [4] development was initiated to provide publicly available, fast and efficient VVC software implementations. A first version 0.1 was released in September 2020 and an overview can be found in JVET-T0099 [5]. An updated overview for version 0.2.1 is provided in JVET-U0135 [6], for version 1.0.0 in JVET-W0184 [7], for version 1.1.0 in JVET-X0044 [8], for version 1.3.1 in JVET-Y0136 [9] and for version 1.5.0 in JVET-AA0134 [10].
Bit-streams encoded with VVenC can be decoded by any VVC standard compliant decoder, e.g., the fast Fraunhofer Versatile Video Decoder (VVdeC) [4].. Alternatively, the VTM reference software decoder solution can be used. Resulting encoded raw VVC bitstreams can be encapsulated into multimedia files and used in multimedia pipelines as described in [11].
VVenC features (version 1.6.1):
· Encoder implementation with five predefined quality/speed presets.
· Optimized VVC encoder providing speedups between 19x and 1500x over VTM-17.2 for HD and UHD test sequences depending on the chosen quality/speed preset.
· Perceptual optimization to improve subjective video quality based on the extended perceptually weighted peak signal-to-noise ratio (XPSNR) [12].
· Frame-level rate control supporting VBR encoding.
· Expert mode encoder interface available, allowing fine-grained control of the encoding process.
· Main 10 profile with all Main 10 coding tools for SCC and HDR/WCG as well as constrained reference picture resampling (RPR) encoding mode to enable low-drift adaptive resolution switching with open GOPs [13][14].
· Low-decoding-energy preset allows to generate bit streams optimized for low-energy software decoding, e.g., on mobile platforms with a coding efficiency comparable to the medium preset [15].
VVdeC features (version 1.6.0):
· Main10 profile fully supported.
· Live-Decoding of VVC video:
· HD with 2-3 threads on medium-grade x86 CPU or recent ARM mobile SoCs,
· UHD on modern workstations and Apple M1 laptops.
· WebAssembly support allows to be embedded in modern web browsers.
· Example implementation of a VVC web player for browsers using VVdeC built with WebAssmebly is available on GitHub [16].


VVenC - Fraunhofer Versatile Video Encoder
Getting Started
How to obtain VVenC?
The software is hosted at GitHub under: 
	https://github.com/fraunhoferhhi/vvenc
To clone the project use:
	git clone https://github.com/fraunhoferhhi/vvenc
How to build VVenC?
Detailed and most recent build instructions can be found on the following VVenC GitHub wiki page:
	https://github.com/fraunhoferhhi/vvenc/wiki/Build#how-to-build-vvenc
How to use VVenC?
The encoder project includes two encoder executables, a standard encoder (vvencapp) and a full featured expert encoder (vvencFFapp). Detailed and most recent documentation on how to use both apps can be found on the following VVenC GitHub wiki page:
	https://github.com/fraunhoferhhi/vvenc/wiki/Usage
Encoder Performance
Detailed and most recent encoder performance results for various resolutions, PSNR and perceptually optimized use cases, as well as for multithreading and rate control can be found on the following VVenC GitHub wiki page:
	https://github.com/fraunhoferhhi/vvenc/wiki/Encoder-Performance
License
Please see the file https://github.com/fraunhoferhhi/vvenc/blob/master/LICENSE.txt in the repository for the terms of use of the contents of the VVenC repository.
For more information, please contact: vvc@hhi.fraunhofer.de 


VVdeC - Fraunhofer Versatile Video Decoder
Getting Started
How to obtain VVdeC?
The software is hosted at GitHub under: 
	https://github.com/fraunhoferhhi/vvdec
To clone the project use:
	git clone https://github.com/fraunhoferhhi/vvdec
How to build VVdeC?
Detailed and most recent build instructions can be found on the following VVdeC GitHub wiki page:
	https://github.com/fraunhoferhhi/vvdec/wiki/Build#how-to-build-vvdec
Testing
The software contains a simple test-suite testing the decoder conformance against the official set of conformance test sequences [17]. To run the test-suite, the project must be built enabling the download of the test-sequences:
	make <target> enable-bitstream-download=1
The actual test can then be run by calling:
	make test-all
How to use VVdeC?
In addition to the C-library, the VVdeC project provides a sample application, which allows to decode raw VVC bitstreams into raw YUV files (for 10-bit input, the output is yuv420p10le format in ffmpeg; for 8-bit input, the output is yuv420p), and a WebAssembly runtime to be used for browser-based playback. Detailed and most recent documentation on how to use these can be found on the following VVdeC GitHub wiki page:
	https://github.com/fraunhoferhhi/vvdec/wiki/How-to-use-VVdeC
Decoder Performance
Most recent decoder performance results over the course of its releases can be foud 
	https://github.com/fraunhoferhhi/vvdec/wiki#performance-history
License
Please see the file https://github.com/fraunhoferhhi/vvdec/blob/master/LICENSE.txt in the repository for the terms of use of the contents of the VVdeC repository.
For more information, please contact: vvc@hhi.fraunhofer.de 
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