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What 1s Immersive video?



Immersive video gives 6 degrees of freedom

Viewer position Viewer orientation

AThe viewer may: AThe viewer may: 5
ATranslate left/right AYaw left/right - g
ATranslate up/down ‘ APitch up/down LH
ATranslate forward/back <= ARoll left/right 9

AWithin a3D viewing space AWithin thefield of view

\ )
|

ImmersiveA 6DoFviewing space
VideoA time axis




Use case:
Virtual reality

Applications Cinematic, Educational,
Training, Medical, Professional, Telepresence

Level of immersionSitting/standing, Some
steps

Experience be somewhere else
Client device Closed HMD, Eyteacked 3D




Use case:
Free navigation

Applications Sports (live, replays),
Educational, Training, Medical, Professional,
Conferencing

Possible camerag
on basketbalfield

Level of immersionSitting/standing, Virtual
window, Outsiden

Experience Ability for a user to change the
viewpoint

Client device Phone, Tablet, Laptop/PC, TV,
Eyetracked 3D

Possible camenrag positioning
neargoal on soccelield



Use case:
Lightfield display

Applications Cinematic, Educational,
Training, Medical, Professional, Telepresence,
Conferencing

Level of immersionVirtual window

Experience Be somewhere else, Ability to
change viewpoint

Client device Eyetracked 3D, Lightield
display




Use cases of immersive video

Application domains

Sports (live, replays)
Cinematic
Educational
Training
Medical
Professional
Telepresence
Conferencing

Level of immersion

Sitting/standing[VvR]
Virtual window [VR, FN]
Some Steps$vR, FN]
Outsidein [AR,XR FN]

Full 6DORVR XR FN]

Experience

Virtual reality (VR)

(be somewhere else)

Augmented reality(AR)

(bring something here)

Mixed reality (XR

(interaction between physical and virtual
scene elements)

Free navigation(FN)

(ability for a user to change the
viewpoint)

Client device

Phon€AR XR FN]
Tablet[AR XR FN]
Laptop PGFN]
TelevisIonFN]
Closed HMDVR]
Seetrough HMD[xR
Eyetracked 3DVR, FN]
Lightfield displayvr, Fnj
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Possible representations for | |mmer3|ve video

Densely sampled light fielfrays] y - Point cloud[points]

SourceUniversitéLibreBruxelles

Densely sampled volumproxels]

https:// en.wikipedia.orgwiki/ File:Dolphin_triangle_mesh.png



EXisting codecs



MulticastHEVC

ISO/IEC 23063 | ITUTH.265 also othe2Dvideo codecs

View parameters =~ pemmmem s e s e e e e e e e e e s

HEV@&ncoder s HEVQecoder

HEVQlecoder

S Hevancoder
e I
B carcoier B B
e B

HEV@&ncoder

View synthesize

HEV@&ncoder HEVQecoder

HEV@&ncoder HEVQlecoder

Viewport
parameters

N source views 2N bitstreams
2 components

SEI = Supplemental Enhancement Information



Multiview HEVEMV-HEVE

Annex G of ISO/IEC 23a@8ITUTH.265

View parameters

N source views
2 components

SEI

MV-HEVC
encoder

(texture)

MV-HEVC

encoder
(depth)

2 bitstreams

HEVQecoder

HEVQecoder

Viewport
parameters

6DoF

View synthesize




3D-HEVC

Annex | of ISO/IEC 236P8 ITUTH.265

View parameters

3D-HEVC
Renderer
(4DoR

3D-HEVC
encoder

3D-HEVC

decoder

6DoF

View synthesize

N source views 1 bitstream
2 components



MPEG Immersive video (MIV)



| 26 A0 aidl NI SRX

AMPEG Phaselb requirements: October 2018
AHead motion parallax
ASmall viewing space (sitting/standing)

Ad LIA EASlfivéstigation by MPEG video coding January 2018

ACreating of an anchor based on multiceEVGnd a purposely built
view synthesizer (RVS)

ACall for Evidencg, provided by Technicolor

ACall for Proposalg 5 proposals from 7 organizations March 2019
(ZJUY PUTETRITechnicolor/Intel, Nokia, Philips)



Introduction & scope

Introduction [MIV] was developedto support compressionof immersive
video content, in which areal or virtual 3D sceneis captured by multiple
real or virtual cameras [MIV] enables storage and distribution of
Immersive video content over existing and future networks, for playback
with 6 degreesof freedom of view position and orientation.

Scope [MIV] specifiesthe syntax, semanticsand decoding processesfor
MPEG Immersive video (MIV), as an extension of [V3(. It provides
support for playback of a three-dimensional (3D) scenewithin a limited
range of viewing positions and orientations, with 6 Degreesof Freedom
(6DoB.



Exampleencoder sources

(Rendering of intermediate views)
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15 views photorealistiQ:

A 4Kx 2K

A 360 equirectangulaprojection (ERP)
A Geometry(=depthrange)

A Textureattribute (YCbOr



Exampleencoder sources

210 mm

210 mm

P — - c—_

0000
0000

Q000

— e

16 physicalcameras

A 2Kx 1K

A Perspectiveprojection

A Geometry(=depthrange)
A Textureattribute (YCbQr

(Rendering of intermediate views)



Example encoder sources

Multi -plane image MPI) Multi-sphere imageMSI)

\




MIV codecmodel

Transfornthe sourceto leverageanyexisting2Dvideocodecfor 6DoFvideo

____________

Q000 , \
igi V3C bitstream MIV Reconstruction :
Q000 Original | o |
— enl\g L\é o 'y decoder/ — — V;ev;glg i
D D D D A Video data renderer : P |
Q000 A Atlas data N /’
A View params
Multi-view or multi-planevideo Viewport video
A Geometry(G) orTransparency , | A (Geometry

A Textureattribute

A Textureattribute (T)
A View parameters

> —=
Ay
- vAtlas® s

Complete
K (basic) view

N 'y'\‘
o

Tl

Patchedrom additionalviews




Bitstreamstructure

V3C unit stream

V3C V3C V3C V3C V3C
parameter set unit unit unit unit

V3C unit V3C unit

Sub bitstreams:
A Common atlas datas view parameters)
A Multiple atlases

A Geometryvideo data

A Attribute video data

A Atlas datanhas patch parameters)




MIV test model

ATest Model for Immersive Video (TMIV)
APublic softwarehttps:// gitlab.conimpeg-i-visualtmiv

Alncludes:
AExampleof an MIV encoder
A Conforming MIV decoder
AExampleof an MIV renderer
AExtra tools: multiplexer, parser, bitrate report
AMultiple configurations for experimentation purposes



https://gitlab.com/mpeg-i-visual/tmiv

TMIV encoder model

Source data SEI message#
v
4 . N
Prune views > ‘
L (remove redundant pixels) )
Pack patches
L Into atlases ) Atlas data

Encodg geometry]_,[ Multiplex ]—> Bitstream
video

3

>
S
3
S
o
&
O

Attributes
Texture / Transparency

A E
’

Encode )
attributes video |




Subbitstreams

TMIV decoder/renderer model

MIV bitstream
Parameters

View parameters

Atlas data

Geometryvideo

Attribute video
(texture, transparencyetc.)

MIV decoder
(CPU)

Video decoder
(existing
hardware)

MIV renderer(GrPy




Related standards



Videabased Point Cloud Coding®ZC)

ISO/IEC 23099 Annex H

ASingle atlas, but may be tiled
APoint reconstruction information
ASix orthographic projection planes

-




Videabased Visual Volumetric CodiMB(0

ISO/IEC 23098

AV3Cis the (large) intersection of MIV andRCC
A Avoid duplicate specification
AReduce implementation effort
A Same bitstream format

ASame carriage format (part 10) 3VC
bitstream
Atlas
substream
Atlas :
. Generic Atlases —» patch ID |— Volumetrlf:
Volumetric | | texture, depth Reconstruction
> Patch > — Vid maps
Source : & occupancy iaeo
Generation map Codec
bitstreams




MIV: Restrictions and extensions\oaC

V3C sample stream

V3C parameter set

Atlas data

sample stream
V3C header

sample stream
V3C unit

V3C unit

1
A
7

sample stream
V3C unit

V3C unit

or

V3C unit stream

V3C unit

V3C unit

| Unit type V3C_VPS

V3C parameter set

| VPS parameters... l

| Unittype V3C_AD |
| vesip || AtlasiD |

| Atlas sub bitstream I—

Atlas sub bitstream

sample stream
NAL header

sample stream
NAL unit

| VPS MIV extension |

Geometry video data

Unit type V3C_GVD

Common Atlas data

| Unittype V3C_CAD |

| Atlas sub bitstream I—

VpsID || AtlasID

Aux. video flag

Video sub bitstream

NAL unit

sample stream
NAL unit

NAL unit

.

Atlas sequence

parameter set (ASPS)
[only V3C_AD]

| ASPS parameters... |

| ASPSMIVext. |

Common atlas
sequence parameter
set (CSAPS)
[only V3C_CAD]

CASPS parameters...

\

Attribute video data /
| Unit type v3C_AVD | NAL unit
| vesiD |[ Atlasip || || unittype |
| Video sub bitstream | | Layer ID |
| Temporal ID |

Packed Video data

Occupancy video data

Unit type V3C_PVD |

| Unittypevac_ovD |

VPSID || AtlasID |

| vesip || AtlasiD |

Video sub bitstream |

| Video sub bitstream |

Raw byte sequence
payload (RBSP)

Atlas frame parameter

set (AFPS)
[only V3C_AD]

AFPS parameters...

AFPS MIV ext.

AAPS MIV ext.

Volumetric usability
Information (VUI)

Common Atlas Frame

CAF
[only V3C_CAD]

View params. list
+updates

Atlas tile layer (ATL)
[only V3C_AD]

Patch data unit
| MIV extension |

Patch data unit
| MIV extension |

Frame order count

Supplemental
Enhancement
Information (SEI)

| SEl messages




Carriage oV3CData

ISO/IEC 2309100

ASingle/multitrack format

APartial access

AEncapsulation in MPEG DASH

AEncapsulation iMMT

AISO base media file format

|

V3C Atlas Track
'v3cb’

J

'v3cl’

V3C Atlas Track
'v3cg’
.
r'y

'v3cs’

[v

3C Atlas Track
'v3cl’
'v3cg’

P

|

V3C Atlas Tile
Track
'v3tl’

}

tile 0
4

'v3ct’

|

X
V3C Atlas Tile
Track
'v3tl’
tilel

)

"v3vo’
"v3vg’

v3va’

'v3vo’
"v3vg’

v3va’

_ Oc;. Track W
B N

Geo. Track ‘

[ Att. Track }

ch:. Track w

Geo. Track W

Att. Track }
.




Scene Descriptio
and Updates

Scene description
ISO/IEC 2309105 Media Access API

1 Media Resource References MAF
1 Timing Information Plugin
1 Spatial Information
1 Object Information
1 Sync Information
Texture
Format Decoder —— Buffer
Plugin |(
Color
Decoder ——b Buffer
Audio
Buffer
Decoder —»
Index
Buffer
Decoder - Metadata
Buffer

Sync Rendering



Timeline

MPEGmeeting V3C + WCC V3C MIV Carriage of V3C
1st edition 2nd edition 1st edition 1st edition

131: Jul. 2020 Finaldraft (FDI$
132:0ct 2020

133: Jan. 2021 Draft (DIS)
134: Apr. 2021 Publication Final draft EDI$
135: Jul. 2021 Draft (DIS) Finaldraft (FDI$
136:0ct 2021 Conformance & Publication
Verification tests
137: Jan. 2022 Finaldraft (FDI$ Publication
138: Apr. 2022 ConformanceX
Verificationtests

DIS = Draft international standard
FDIS= Final draft international standard



Features of the standard



View parameters

Projection plane \

d

Intrinsics ®

Perspective projection Equirectangular projection Orthographic projection
(fu’ fv’ pu’ pv) (‘ 1 ‘ 2 1 2) (W’ h)

Extrinsics

Position Orientation
(x,V, 2) (h,i,")



Patch parameters

View representations

Pruning & patch selection

Atlases

Patch 5

=l Patch 2
Texture #0

Depth #0

Patch 2
IR Patch 5
- :
! 1
! 1
! 1
Viiew0 e !
——
I -
B
;' 1
: | Patch 8
Viewl .l
==
|
| — = 1
| YW i
Patch 3
[
Viiew?2
Patch 7

_Patch 3
T patch7

Texture #1

Depth #1




Viewing space definition

ADefinition of a viewing space

A Spatial (3D)

A Spatial + field of viewsD)
ACan be as simple as a box or a sphe
AConstructive solid geometr €S

ASigned distance function
A< 0: Inside
A= 0: Edge
A> 0: Outside

Elementary Shape ES= PS1 u PS2

Viewing Space VS= ES1 u ES2 u ES3



Viewing space handling

ASEI message to convey the creative intent regarding the viewing space
AFor device: all, HMD, phone, 3D display
AFor application: all, AR, VR, web, scene description

AWhat happens when the viewer moves outside the viewing space:
A Default client behaviour
A Always render, even when there would be artifacts
A Fade out
A Extrapolate scene colours
A Reset the viewer position
A Stretch viewer pose to stay within the viewing space
A Rotate the viewer to stay within the field of view



View pruning graph

,,-f-® Basic view
_.'_;:-""'

Additional
view

Additional
view

Additional
view

A Provide information on which view was used to
prune which other views.

A Useful for rendering algorithms that rely on view
blending.



Groupbased encoding

b oo oo oo oo e e e e e e e e e e e -

MIV encoder 1

MIV encoder 2

MIV encoder 3

MIV encoder 4

Transmission

over network

Merge
bitstreams

Select Decode

bitstreams & render

Request video track



Entity-based coding

Texture attribute Geometry Entity ID map
(Normalized disparity)

Not coded as a separate video componéntEach patch has an entity 1D



Serverside Inpainting

AMove inpainting to the server
(more info, more resources)

Alnpaintpatches or whole views

AThe renderer may use them to fill up
disocclusion zones.

ATMIV encoder renders a lowes
background from the source views




Geometry scaling

Texture video data

Edge
sensitive
upscale

~ Reconstructed

Max pool .
Geometry video data

downscale

Geometry video dats

A Video encoders are not designed to encode geometry
A Geometry downscaling enables lower quantizatiQ®)(parameters for a given bitrate
A Preserve thin foreground edges



Representation of occupancy information

£1 L1

AFull patch occupancy
All sample values of a patch are

occupant o viw - goomely Al 0 genmety
AEmbedded occupancy _1 / V
Occupancy embedded in ar e

geometry video data o r
AExplicit occupancy: I * I’eg"’" * }
Occupancy video data T e

. Source view - geometry Atlas 0 - geometry
Full resolution or subsampled ¢ / j> s | /
d

0 2° -1 0 2T N-1



Frame packing

atlasld 1

1920X4640
| 2=

atlasld 0 atlasld 1
02048800 - 020XSB00

AReduce the number of video
decoder instantiations by
packing multiple
components into one video
frame.

AWorks well with (but does
not require)HEVAMCT Sr
VVCsub-pictures.




Profile and swiprofiles



Profile, tier and level information

AProfile = subset of the standard
ACodec group: MPEGAVGCHEVCVVGMP4RA
AToolset: M / / X3 alLz+ X

ATier = main (to client device), high (production, archival)
ALevel = limits on samples, pixels, bits, etc.

| g Stop / Mitigate




Profile: MIV Main

AUseful for multiview + depth:
A Computer graphics
ANatural content with depth est.

AGeometry video data
ATexture video datgopt.)
AFull orembedded occupancy
APatches and full views




Realtime immersive
video on Android
phone

Martijn Govers, Bart Sonneveldt, Hugo
Habets, Chris Varekamp, Andy Willems, Bart
Kroon

A MIV Main

A TwoHEVQVain10video bitstreams
A Texture
A Geometry

T

Full views + inpainted background

T>

Computer graphics and natural content

T

OneV3Csample stream per second

A Phone with interactivity



Profile: MIV Extended

AFull or embedded occupancy, occupancy video data
AConstant depth per patclor geometry video data

ATexture video data (opt.)

ATransparency video datéopt.)

APacked video datgwith any of the above video components)




Immersive video
playback on Intel Xe
Max

Max Dmitrichenko, Basel Salahidhengyu
Chen, Penne Lee, Jill Boyce

MIV Extended
SingleHEVMain10video bitstream
Packed video with texture and geometry

Only full views

To To To To I»

Atlas data carried in vendapecific SEI
message

A 2Ddisplay with eye tracking



