Immersive Media
Standardization -
MPEG Overview

IR | AP RIATR
2017£E108



Immersive Standards Organizations Overview

 International Standards Development Organizations
« 1SO/IEC SC 29 (WG11 MPEG, WG1 JPEG)

* ITU-SG16 VCEG -

- |EEE P2048, P1589

* 3GPP SA4 Codec

* Industry Development Organizations

. — VR Industry Forum

. — Global Virtual Reality Association

. — CM Commercial Module VR Group

. — Khronos Group

. — Consumer Technology Association AR/VR WG

. — Video Electronics Standards Association AR/VR SIG
. — Immersive Technology Alliance

. — Augmented Reality for Enterprise Alliance

SMPTE - Society of Motion Picture and Television Engineers
» SID - Society for Information Display

e Open Source Alternatives

. — Progressive Enhancement WG
. — Internet Video Codec
. — Alliance for Open Media
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjK2eubgNDUAhWs5YMKHY-GB8QQFgg2MAM&url=https://www.itu.int/en/ITU-R/study-groups/workshops/2016-VR/Documents/VR%20Industry%20Forum%20ITU%20Presentation%20101716.pptx&usg=AFQjCNGTFW3X1OlBrThtFe3dQoQ80D8TMA
https://www.gvra.com/
https://www.dvb.org/groups/CM-VR
https://www.khronos.org/openxr
https://www.cta.tech/Membership/Member-Groups/AR-VR-Working-Group.aspx
https://www.displaydaily.com/press-release/51398-vesa-forms-special-interest-group-focused-on-emergent-virtual-and-augmented-reality-markets
https://ita3d.com/
http://thearea.org/
https://webvr.info/
https://datatracker.ietf.org/wg/netvc/about/
http://aomedia.org/

MPEG Standards
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MPEG Roadmap

HUAWEI TECHNOLOGIES CO., LTD. LiveVideoStack



HUAWEI TECHNOLOGIES CO., LTD. LiveVideoStack Page 5



MPEG-I Overview

ISO/IEC 23090 — Coded Representation of Immersive Media

MPEG-| Part 1: Architectures and Nomenclature for Immersive Media
MPEG-I Part 2: Omnidirectional Media Format (FDIS)

MPEG-I Part 3: Coded Representation of Immersive Video

MPEG-| Part 4: Coded Representation of Immersive Audio

MPEG-| Part 5: Coded Representation of Point Clouds

MPEG-I Part 6: Metadata

MPEG-| Part 7: Metrics

* MPEG has a history of creating media formats, compression technologies, system delivery technologies
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Data Representation for Immersive Media

Immersive Media

Static Panoramic Image 3D Image ( Model)

Dynamic Panoramic Video Volumetric Video

VxVyV2)

Pixel = (R,G,B)|(xy) | > Voxel = (R,G,B...) | (x,2V,.,V,,V,)
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MPEG-I: Stages of Immersion

O Q =

3DoF 3DoF+ windowed oDoF
6DoF
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MPEG-|I — Coded Representation of Immersive Media

MPEG-I Phase 1 a/b

| 2016 | 2017 |
E i OMAF E
i i DASH i
E ! OMAF OMAF !
5 | cD DIS 5
! OMAF FVT,SMV pcC PCC PCC 'PCC
| WD CfE | CfP WD CD | DIS

2018 2019

2020

provide immersive experiences

MPEG-I Coded Representation of Immersive Media
» Goal: Enable interoperable services and devices that

PCC
FDIS

MPEG-I PCC MPEG-I Phase 2

MPEG-I Standardization Planned Work for MPEG-I

Phase la
— 3DoF 360 VR during 2017
— Use HEVC initially

Part 1: Technical Report on
Immersive Media

Part 2: Application Format for — Use new MPEG-H audio profile
Omnidirectional Media « Phase 1b
Part 3: Immersive Video — Point Cloud Compression (PCC)

e PCC Technical development 2017

Part 4: Immersive Audio L )
» PCC Standardization starts in 2018

MPEG Point Cloud Short Term Work
Summary

* Virtual objects with 360 Degree video

» Sensors (car, multimedia)

» Compression: Coordinates plus attributes
— Set versus list
— lIssue for mesh compression

Part 5: Point Cloud Compression — Optimization of 3DoF 360 VR ongoing to 2020 » Work on test data, anchor and evaluation

* Phase 2
— Native VR, 6DoF Video
— Audio, FVC Video, Graphics

criteria

Draft CfP; CfP at Geneva (Jan 2017);
Results Hobart

MPEG Lightfield Short Term Work
Summary

Call for test material Dense camera
arrays

— Lightfield cameras
—  Camera moved with robot
—  Data to be shared with JPEG

Workplan towards 6DoF lightfield and
VR
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MPEG-| Part 2: OMAF
Omnidirectional Media Format
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MPEG-I Basic Framework
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Source: 2nd ITU-T Mini-Workshop on Immersive Live Experience (ILE), Geneva, Jan 2017



OMAF Architecture
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Source: 2nd ITU-T Mini-Workshop on Immersive Live Experience (ILE), Geneva, Jan 2017



DASH-VR Huawel Solution

e Coding all the big sphere content will generate a big
bit stream, but user view dependent coding will
require a strict e2e delay. The two requirements will

not be matched in short time. /

e Sending a small sphere bit steam and a user

=
dependent view bit steam simultaneously will be a \ / —

good compromise solution.

e Perception based Streaming is the key point.
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VR — Quality Evaluation

Area weighted PSNR (AW-PSNR)

* Proposed by InterDigital and supported in PCT360

* SPSNR samples the sphere very sparsely
* Less than 10% (655362/3840x1920 = 8.9%) of the projected video samples are used to calculate SPSNR
* Interpolation will involve more sample positions but still not sufficient, and interpolation introduces other
factors into the process
AW-SPSNR:
* Weigh the error at each position in the 2D plane according to the area it covers on the sphere
* Applicable to all projection formats, though OHP not yet implemented in PCT360

* Using ERP as an example
* For each (ue, ve) on a 2D plane with dimension (W, H), its sphere coordinates (g, 8) are
@ = (ue/W-0.5)* 2*n
B =(0.5ve/H)* n
* Area covered on the sphere is
solid_angle(qp,B) = cos(B8)*|dB|* |dp|
* Weight is normalized to be cos(8)/(4*1t), where 4%t is the total area of a unit sphere

* Very similar to W-SPSNR in MPEG document no. m38551 from Zhejiang University, but with proper
normalization
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MPEG-I Part 3: Immersive Video Compression

“Today it Is not clear whether FVC technologies beyond rectangular
video and 3DoF will be hosted by Part 3 or in a new part”
L. Chiariglione — May 2017
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MPEG/ITU FVC/H.266 Standard

______________________________________________________________________________________________________________________________________________________________
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Beyond VR Streaming: Light Field Processing
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View Synthesis for 6DoF VR

HUAWEI TECHNOLOGIES CO., LTD. LiveVideoStack
Source: View synthesis for 6DoF with Lightfields, G. Lafruit ULB, Brussels



MPEG-I Part 5: Point Cloud Compression

“This Iis an area of research (in MPEG) for which scarce results are available”
L. Chiariglione — May 2017
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MPEG 3D Graphics Activities

MPEG has been working on Graphics for a long time
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MPEG Point Cloud Compression

PCC - Requirements

QO 3D Point Cloud Representation
axy,z
O multiple attributes being associated with each 3D position
including color, reflectance, normal vectors and transparency
U view-dependent attributes
U time-varying

QO 3D Point Cloud Compression
O Lossy
Q) Lossless
U Progressive and/or scalable coding
Q View-dependent coding
O Random Access

C] Q Error resilience

Point Cloud Compression: Content categories

Test Category Information to be encoded
Category 1. Static Objects and Scenes X,YZR,G,B
Category 2. Dynamic Objects (X,Y,Z,R, G, B),

Category 3. Dynamic Acquisition (X,Y,Z,R,G,B,I),
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MPEG Point Cloud Compression

Point Cloud Compression: Category 1 Point Cloud Compression: Category 2

Point Cloud Compression: Category 3

Point Cloud Use Cases

quaternion

input point cloud buffered
frames octree point clouds

& translation 6 —>

quantization

previous predictively
frame encoded data encoded
Bounding 1 7 ] bitstream
Box Normalization P coded header formatting
& filtering inter/intra inter data entropy encoding >

selectio predictive 5
coding coded
A |l coded occ(;lpancy geometry/
Octree 2 | 5| code
par > 3
Composition i entropy — >
! encoding
coded

codec colors .
settings inter/intra I attributes coder settings
selection > alelr
coding
A
8
Coder Control >
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Summary

e Immersive Media is here to stay and will continue to change the way people consume information.

e New immersive experiences generate orders of magnitude more data than today.

e Compression will continue to play a fundamental role for commercial deployment.

e International SDOs are committed to the creation of new immersive standards.

e The first deployment of immersive media is 360 VR and the main standardization effort is MPEG OMAF.

e Today there is industry fragmentation, lack of killer apps and inflated consumer expectations ... but that will
change as the technology for capture, processing, transmission and display evolves.

e Huawei Media Lab is making key contributions to the normative parts of the standard, including MPEG OMAF
standardization. We also actively participate in MPEG-I Point Cloud Compression and Lighfields Compression
standardization.
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Copyright©2015 Huawei Technologies Co., Ltd. All Rights Reserved.

The information in this document may contain predictive statements including, without limitation,
statements regarding the future financial and operating results, future product portfolio, new technology,
etc. There are a number of factors that could cause actual results and developments to differ materially
from those expressed or implied in the predictive statements. Therefore, such information is provided
for reference purpose only and constitutes neither an offer nor an acceptance. Huawei may change the
information at any time without notice.
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