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AOM/AV1 - The Journey & Mission

€) AV1is the first video codec from AOM
e Zero version of AV1: VP9 (libvpx)

e Tools proposed from:

© VP10 (Google)
© Daala (Mozilla)
© Thor (Cisco)

© 100+ new tools

€ Finalized in June 2018

Visionular

AVA

aomedla org

Royalty

free I
ecosystem
Colaboratv ’

open source
develeopment

Patent review

process and
egal defense
fund

Cutting edge

technology

)

@ VISIONULAR.COM

% ZOELIU@VISIONULAR.COM

amazon

00O Meta

J\\ Adobe
bk
oppo

@slllcon

SOXILNX

Apple

B Microsoft

dgora.lo

© BROADCOM

O Polycom

©icue

AOM/AVA

Founding Members

arm 'Icllls'élc;. Google intel)

2 HuawE!

NETFLIX  <nvioia

SAMSUNG Tencent

Promoter Members

AMDZl Aniogic ATZM:

E2M el ALLEGRO

ISIZE 1##icm

5 REALTEK ROKU 8

@Lomectones T NETINT

socionext: ') Synamedia

Vvivo

Uisionula




AOM/AV1 - SW & HW Decoder Ecosystem is Growing

a 0
( CPUs, GPUs, & SoCs ) ( Mobile Phones ) ( TVs & Streaming Devices )
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AV1 Streaming Protocols & Formats

O Common Media Application Format (CMAF)

https://aomediacodec.github.io/av1-isobmff/

CMAF AV1 track format specification

e DASH

Segments may contain media data

Audio/video codec agnostic

http://wiki.webmproject.org/adaptive-streaming/instructions-

to-playback-adaptive-webm-using-dash

e AV1 DRM Support

CMAF/DASH DRM, e.g. Widevine DRM

e Input Format Support

1.Support for 10,12, and 16-bit color

2.Chroma subsamdpling 420, 422, and 444
are all supporte

ALLIANCE FOR

AV1 Codec ISO Media File Format Ty

Binding

AOM Working Group Draft, 15 November 2021

uuuuu DS i github.io/av1-isobmif/

Issue Tracking:
GitHub

Editors:

Cyril Concolato (Netflix)
Tom Finegan (Google)
Previously approved version:

vi20
Copyright 2021, AOM

Licensing is avai at http

The MATERIALS ARE PROVIDED "AS 1S.” The Alliance for Open Media, its members, and its contributors ex-
pressly disclaim any warranties (express, implied, or ise), it ing implied ies of i

infri fitness for a parti purpose, or title, related to the materials. The entire risk as to imple-
menting or using the ials is by the i and user. IN NO EVENT WILL THE
ALLIANCE FOR OPEN MEDIA, ITS MEMBERS, OR CONTRIBUTORS BE LIABLE TO ANY OTHER PARTY
FOR LOST PROFITS OR ANY FORM OF INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES OF ANY CHARACTER FROM ANY CAUSES OF ACTION OF ANY KIND WITH RESPECT TO THIS
DELIVERABLE OR ITS GOVERNING AGREEMENT, WHETHER BASED ON BREACH OF CONTRACT, TORT
(INCLUDING NEGLIGENCE), OR OTHERWISE, AND WHETHER OR NOT THE OTHER MEMBER HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

-

° Metadata Handling

.

Adaptive Protocol: MPEG DASH /.

............. \

HLS);

Video Codec

H.264/AVC
H.265/HEVC
AOM/AV1

1. HDR10: OBUs for Max Content Light Level, Max Frame
Average Light Level, and Mastering Display Color Volume.

2. HDR10+: T35

3. Flexibility for metadata insertion

+ Allows per-frame insertion, or keyframe only, or upon

metadata change

e Color Description

1. Can specify color primaries, transfer
characteristics, and color conversion matrix
coefficients

+ Specified in the sequence header (General
sequence header OBU syntax)
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AV1 vs. H.264 - Auroral compared to x264

Concurrent Live Streams Using x264 Concurrent Live Streams Using Auroral AV1 (-fpp4) AVA
AMD EPYC 7R32 16C/32T AMD EPYC 7R32 16C/32T
B 1Stream [ 1 Stream
I 2streams B 2streams
[ 3 Streams [ 3 Streams
_ | 4Streams [ 4 Streams
M 5Streams B 5 Streams
B 6Streams | 6 Streams
X264 medium X264 fast X264 faster Auroral veryfast fpp 4 Auroral superfast fpp 4 Auroral ultrafast fpp 4

Auroral AV1 vs x264 BD-rate Overall PSNR |PSNR-Y SSIM-AVG SSIM-Y VMAF

x264 medium vs Aurora veryfast fpp4 -40.94 -42.54 -46.63 -46.85 -42.51

x264 medium vs Aurora superfast fpp4 -39.16 -41.22 -45.08 -45.74 -36.87

x264 medium vs Aurora ultrafast fpp4 -25.18 -28.34 -31.55 -32.49 -22.92
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AV1 vs. HEVC - Auroral compared to x265

Auroral Fast vs. x265 - Medium BD-rate (%6)Overall | ppy rate (%)PSNR | BD-rate (%)SSIM | BD-rate (%)vMAF | FPS(Aurorat)/
- PSNR FPS(x265)

10.00 -37.69 -36.67 -38.18 -35.50 0.88
=z 0.00 e
«E -10.00 € Auroral Fast vs x265 medium: Over the AOM standard test set
T 2000 e ® o (object-1-fast, also a longer version for SIWG CTC) containing 30
S -30.00 1 L . . videos of various resolutions - 16 1080p, 7 720p, and 7 360p,
§ -40.00 o !’ o ©® @ mainly 60fps, qualities, content types, and visual characteristics.
3 00 '. & . © Encoders operated on AMD Ryzen 9 3900X 12-Core Processor
60.00 . . 12C24T.
%00 0.25 0.50 0.75 1.00 125 € Auroral Fast on averages achieves a BD-rate gain of 37.69% in
FPS(Aurorat) / FPS(x265-medium) Overall PSNR, 36.67% in Average PSNR, 38.18% in SSIM, and

35.50% in VMAF, and meanwhile,
€ Auroral Fast runs at 88% of the speed of x265-medium.
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Auroral AV1 on EPYC 7763 & Intel 8380

Auroral AV1 Multiple 4K60 Simultaneous Encoding

B Intel Xeon 8380 [ AMD EPYC 7763
150.00

127.52

100.00

50.00

Encoding Speed | Simultaneous | Simultaneous | Simultaneous | Simultaneous
(FPS) 2 4 6 8

0.00
Intel Xeon 8380 82.70 72.92 47.75 37.58 Simultaneous 2 Simultaneous 4 Simultaneous 6 Simultaneous 8
AMD EPYC 7763 127.52 104.14 64.62 62.95 .
Encoding Speed (FPS)
Speedup 54.20% 42.82% 35.34% 67.50%
Test Video Resolution FrEIE—REI Frames
(fps)
crowd_run 3840x2160 50 500
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Machine Learning For AV1 Encoding Optimization

|
«_g¢ GOP Structure
Prediction Framework ll - . - !! |:|

Single ref INTER INTRA modes:
modes chosen per frame CfL, DC, PAETH,
Translation SMOOTH, SMOOTH_H, SMOOTH_V,

8 directional modes + finer directions,

Global / Local Warp
Filter-intra modes, palette, intra-block-

AV etion
Selection Compound ref

copy
INTER modes
Average, Distance- gx-t INTERINTRA mod.
1 wtd, Difference-wt - moaes:
100+ coding tools Wedge encoded Gradual Inter-intra
OBMC frame Wedge Inter-intra
ALLIANCE FOR T "
OPEN MEDIA _ ransform
Size/Type Selection
Lo superblock -
( AOM Supported ) Prediction Structure o
is;: """"""""
) RD-Model Restoration
Refinement Filter Selection
Partition
Pruning

C Courtesy Dr. Debargha Mukherjee, Google Inc. )
Visionular | 0




Aurora1i Film Grain - Synthesis + Grain Preservation

Input Degrained Encéded Decoded Output
Video Adaptive Video Grain Preservation Video Video Video
> »(+ >
Degrain Filter Aware Encoder : Decoder Q
. Analysis of
Structure, Intensity
Maps
Gréiin
. /‘_!\ Residue . Film Grain Params i Film Grain Film Grain
—/ E Estimation Generation

Temporal filter

Temporal Dependency Modeling (TPL) e Multi-frame smoothness detection

Inter-/Intra prediction

Q Cascaded two-stage degraining

Optimize_b
In-loop post-processing

e Effective anti-banding encoding

Hierarchical GOP-structure
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ML for AV1 Film Grain - Auroral Dithering




AV1 DCA

AV1 Encoder Optimization - Decoder Complexity Aware

Case Study: VOD

Decoding Speed Decoder
vs.Source Frame Speedup (vs
Rate i.e. 60fps baseline)

Decoding
Speed (fps)

Encoder Algorithms

© dav1d 0.7.1 FFmpeg

© Encoding a 1920x1080 60fps 30-sec long gaming video clip:
© Target bitrate: 10Mbps
© HW: Intel i5 cpu notebook Adaptive motion mode selection 88
© Player: Chrome as the player

BASE_CFG (baseline) 78

. ) \ . . ) Adaptive frame-level parallel setup 85

© Additional "bullet comments" special effects imposed, adding
another layer of playback complexity. Adaptive loop filtering mode selection 89
Minimum partition size pruning 83
Overall PSNR PSNR SSIM VMAF Adaptive GOP structure configuration 89

1.30x

1.46x

1.41x

1.48x

1.38x

1.49x

12.82%

8.97%

14.10%

6.41%

14.10%

ONEPLUS A6010 Decoder Performance Comparison (1080p 30fps Playback) ONEPLUS A6010 Decoder Performance Comparison (1080p 30fps Playback)
B ffmpeg-h264-1M [l openhevc-iM [ david-1M B ffmpeg-h264-2M [l openhevc-2M [l david-2M
400 300.00%
5 254.79%
- Snapdragon
d _V 1d 313.50% pdrag

845

300

VideoLAN

ﬁ FFmpeg

153.66%
134.47%

142.73% 142.21%

200

1858 h0%  13U53%7 —
10¢100507% 2108%1% 100.00%

100

0.00%
AppCPU[%]  Memory[MB] Current(mA]  Power[mW]  Voltage[mV]  CTemp[°C) AppCPU[%]  Memory(MB]  Current[(mA]  Power[mW]

Voltage[mV] CTemp[°C]
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Auroral Multi-stream Output

GOP-Aligned
Q Auroral AV1 can deliver Adaptive BitRate (ABR) multi-bitstream encoding.

Keyframe’s position is synchronized across
o Single AV1 encoder instance: Aurorat is able to take one single source video input whereas varying resolutions and bitrates settings.

output multiple, GOP-aligned encoded AV1 bitstreams of various (resolution, bitrate) renditions. © May output keyframe positions to a log file.

© Auroral AV1 is capable of fast Per-Title encoding leveraging the use of machine learning. May take an external log file to enforce keyframe positions

. . Predefined ladders
Per-Title ABR Encoding : (bitrate, resolution)

d | & | ML-Based Mapping Prediction Encoding Parameter Prediction Video
Source = ML-Based Spatial & Tempora => i —> [ :
Feature Extraction A bt VAT (CRF, resolution) BEESErCamns

over predefined resolutions
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Tools for RTC - Speed, Temporal Scalability, SCC

ffmpeg -threads 1 -r 30 -s 1920x1080 -c:v

© Source: 1080p/30fps screen content X264 :
commands 1libx264 -x264-params bframes=0 -tune
zerolatency -preset superfast -threads 1

© Test platform: AMD Ryzen 7

€ CPU usage: ~100% (configured with single thread) © BD-rate (PSNR): -81.25% BD-PSNR: 13.95dB

non-SVC © Aurorai runs at a speed of ~1/3 as that of x264

Auroral

Auroral vs. x264 (-tune zerolatency, 1 thread) - SVC Temporal Encoding Speed (.tune zero|atency, 1

©® x264superfast @ Auroral Superfast @ Auroral Superfast - SVC : Layer ( svc_mode - 0 ) thread)
so : 132.57

w e a
// D —8 &

20 g »
wom 30000 73000 100000 125000 Time x264 superfast Auroral Superfast Auroral Superfast -
0 1 2 3 4 svC

PSNR [dB]

Bitrate (kbps)
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Screen Content Coding x264 example

X264 medium
800kbps

Visionular



Screen Content Coding Auroral AV1 example

Aurorai
400kbps

Visionular
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