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Trends and challenges in virtual reality services for
360° video delivery and consumption
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Gartner Hype Cycle for Emerging Technologies, 2017

: Connected Home
Deep Learning
Machine Learning
¥\, Autonomous Vehicles
Nanotube Electronics

Cognitive Computing
Blockchain

Virtual Assistants |

~—

loT Platform ..
Smart Robots . :

Edge Computing Ko NG

Augmented Data .
Discovery N

Commercial UAVs (Drones
Smart Workspace ( )

Conversational

Brain-Computer /\ User Interfaces Cognitive Expert Advisors

Interface {2\ Volumetric
Quantum — £\ Displays
Computing Digital Twin

Serveriess
PaaS

5G

/ \ Human
Augmentation

Expectations

Enterprise Taxonomy

Neuromorphic
and Ontology Management

Hardware

Deep Reinforcement

Learning Software-Defined
, /\ Artificial General Security
4D Printing /\ Intelligence
Augmented
Reality
Smart Dust /X
: Peak of
Innovation Infatod Trough of
Trigger Expectations Disillusionment

Time

Virtual Reality

Slope of Enlightenment

http://blogs.gartner.com/smarterwithgartner/files/2017/08/Emerging-Technology-Hype-Cycle-for-2017 _Infographic_R6A.jpg

Plateau will be reached in:
@ less than 2 years
. 2 to 5 years

@ 5to10years

/\ more than 10 years

As of July 2017

Plateau of
Productivity



Hype Cycle for Emerging Technologies, 2018
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Gartner Hype Cvycle for
Emerging Technologies. 2019
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Content acquisition and creation
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\Virtual reality content

» Computer generated content (3D)

 Real world content (images/video)

 Omnidirectional video (360° video)

* Omnidirectional video 3D
(stereoscopic)

A combination of both!
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360° video

« Omnidirectional video (spherical, immersive, 360"
video) is a recording, which captures all directions of
view around the viewer/camera

» Captured with special, multi lens cameras
¢ 2,4,6,..50

* 6 Degrees-0Of-Freedom video (6DoF ), allows for
movement through the scene

e a.k.a Volumetric video
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Drofessional cameras for360° videos

* Integrated cameras or rig assemblies

* Up to 50 cameras
» Up to 14K in 3D 360°

* Price range: 4.000% do 200.000% per rig
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Consumer cameras for 360° videos

* Simpler cameras with 2 lenses

« 2D 360° or 3D 180° content
« 5.7K@30 fps, 360° video

« LK@60fps, 360° video

* 30Mbit/s - 120Mbit/s

e H.264 or H.265

* Price range: 400% do 800%
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Head mounted displays

e e i
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Sony PlayStation VR

PIMAX 8K

StarVR

PIMAX 4K

HTC VIVE Pro

HTC VIVE Focus

Oculus Quest

Resolution per eye

960 x 1080

3840 x 2160

2560 % 1440

1920 x 2160

1440 x 1600

1440 x 1600

1440 x 1600

cad mounted displays (HMD) -2

Refresh rate Field of view

120

120

90

60

90

75

/2

( ) Oculus Go 1280 x 1440
. Oculus RIft S 1280 x 1440

-P Samsung Gear VR 1280 x 1440

60

80

60
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Commercial 360" videostreaming services
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Pyeongcnang Olimpic
. games 20713

* \/R live broadcast

 Broadcast to 80 countries

* \/R simulation devices with adrenalin
rides and games
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Next\

 Content:

NEXTVR Q DOWNLOAD | SCHEDULE

* NBA, NFL, WWE, Wimbeldon, Fox sports, boxing, Gabsio>

ey R ,\\«i& AP A 9

f =1 5, Fl &5 |

- LERSRS "RESS RELEASE NBA Digital §hdNExtVR to fifig fans the
NextVR Announces International Citi, Live Nation & NextVR Unvell Slate of best plays from the 2017 NBA Finals in

* Moscow ballet, Comedy central, documentaries

Champions Cup Match Coverage LIVE Virtual Reality Concerts Virtual Reality

NextVR & NBA to Deliver Free VR NFL and NextVR to Produce Virtual Reality NBA Digital and NextVR to Deliver one
Highlights of NBA All-star Weekend Post-game Experience Live Game per Week in Virtual Reality

* Gear VR, Google Daydream, Microsoft Mixed Reality,
PlayStation VR, Oculus Go, HTC Vive, HTC Vive Pro, and Oculus s g 28

University: of Notre Dame and NextVR USTA Teams With NextVR to offer us open NextVR and FOX Sports t© Broadcast
| ]
R I ft Deliver Football in Virtual Reality for the highlights from the Men’'S AND Women’S Bundesliga Opening Match Live in Virtual
| |

« 180° + 3D view with 60fps,

» 6K cameras, 4K content (in-house camera development!)

e Bitrate: 8Mbit/s




NextV/R future

» Acquired by Apple in April 2020

ﬁ"\
>

NEXTVR

NextVR is Heading in a New Direction

Thank you to our partners and fans around the world
for the role you played in building this awesome
platform for sports, music and entertainment
experiences in Virtual Reality.

LMMFEL
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ntel TrueVR

 Content:

* NBA, Laliga, Premier league, NCAA, NFL, MLB
» 012018

Watch the NCAA

Sty haraent in Intel® Watch'the NFLifvintel

Watch the NBA in Intel®

True VR Trie VR True View

* \/R platforms:

* Oculus GO, PC, mobile phones SEE SENSATIONAL INTERNATIONAL FOOTBALL

You can enjoy amazing new perspectives of the game—see the action from the player's perspective, get a 360-degree replay, or weigh-in on a controversial call with the laser
wall.

. Watch Liverpool Watch
YN~ X ) FC Manchester City

e heir bes
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ntel TrueVR

e 38 5K cameras

* 6DoF - players’ perspective!

 Unknown bitrate

) fl\&;‘
Vincent Kompanyg_'
@® Defender &4

e -
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—acebook 360FB

» Recording and live broadcasting for Facebook users

* \/R platforms: mobile phones, Samsung gear, Oculus,...

» Recommended cameras for recording ( 2K - 8K formats)

* 360° video recording
* Live up to 4K@30fps (15 -20Mbit/s)
o Offline upload up to 5120 x 2560@30fps (4K: 25 — 60Mbit/s)

* Media studio tool for video editing
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360° educational video

* Interactive VR presentation of selected occupations

* Smart phone, Oculus Go, Web browser

» 4K video, 15Mbit/s using H.264




360° video streaming
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Typical 360° video ecosystem

VR Ecosystem

, v o \ \ Package @ | |
. Capture | |  Stitch . Map | Encode | EERIERSIL . Decode | Play |
\ 0N or Store / |

2D Live iﬁ:gfﬁgr “‘Brute Force”
| : Tili
3D Offline Cubic nng

Use of the HW decoder
of the smartphone
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\/Ideo bitrate ractors

» Codec

» Resolution

» FPS (25/50/100)
* Bit depth

« GOP

» Recorded scenes (dynamic/static)

» Comparisons are difficult!!!



LMMFEL

Codecs and pitrates

« H.264

 \/P8in VP9 (YouTube)

» H.265 (HEVC)

* AV1 - 100x slower encoding than H.265

* Upcoming
e« H.266 (VV()
e 30% less bitrate than H.265



* H.264 everywhere

* H.265 only Safari, partially

Edge

* \/P9 everywhere except Safari

* AV1 growing support

Srowser support for codecs

AV1 video format - oren g6 of all users s 9
Global 34.56% + 0.06% = 34.62%

AV1 (AOMedia Video 1) is a royalty-free video format by the
Alliance for Open Media, meant to succeed its predecessor VP9
and compete with the HEVC/H.265 format.

Usage relative  Date relative Apply filters ?
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Global 16.15% + 4.06% = 20.21%
The High Efficiency Video Coding (HEVC) compression standard is a
video compression format intended to succeed H.264
Usage relative  Date relative Apply filters ?
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Optimal resolution?

* Human eye can perceive 60 pixels per degree
* Retina displays

* 360° video requirements:

* 360° horizontal x 180° vertical = 21.600 x 10.800 pixels
» Optimal resolution is 24K (24576 x 12288 pixels )

* HMD retina displays:
* 150° horizontal In120° vertical = 9.600 x 7.200 pixels per eye
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Required bitrates - estimations

» High quality 360° video using H.265
» 4K, 30 fps, 8 bit 2 15 - 40 Mbit/s
» 8K, 30 fps, 8 bit > 60 - 90 Mbit/s
» 12K, 30 fps, 10 bit > 100- 300 Mbit/s
» 24K, 30fps, 12 bit - up to 1Gbit/s

* A better 360° video streaming approach is needed

e |Latenciles:

» 20ms are acceptable, they may induce cyber sickness!
* Network and devices are both contributing to latencies



\Video consumption specifics on

\VIDS

LMMFEL

» Typical Field of View (FOV): *# 360 Video Resolution

e Oculus: 110°
e HTC Vive: 110°

* Samsung Gear: 95°
* Playstation VR: 100°

1

3

Width of FOV Angle

FOV Video Resolution

Wasted data

4 N
4K : 4096x2048 120° 1280x720 90 %
4K :4096x2048 90° 960x540 93.75 %

4K : 4096x2048 60° 640x360 97.22 %

4 )
16K: 16384x8192 120° 5120x2880 90 %

\ . /

: Xo 194 YU 3840x2Te0 93.75 %

16K: 16384x819.2 60° 2560x1440 97.22 %
24K: 24576x12288 120° 7680x4320 90 %

24K: 24576x12288 90° 5760x3240 93.75 %

24K: 24576x12288 60° 3840x2160 97.22 %
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\ideo consumption on HV

 Users can see only a small part of the 360°
video

e cca.8% - 10%

v,
- -
'l
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-0V transmission of 360° video

 Different video qualities for each viewport/tile

» Also reduces the required processing power of the client (HMD)

IVIEWPORT &
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—0V transmission of 360° video -2

Tiles in viewport . Cancelled tiles . Newly requested tiles
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—0OV transmission of 360° video -3

» Cube map projection is suitable
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NVedia format for 360° video

* OMAF

* Omnidirectinal MediA Format

FOV Video Flles

E'_ P
=
=
=
'

* Storage

* Delivery

 Transmission of views/tiles

e Client assembles tiles
e Transmission over MPEG-DASH
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OMAF

» 360° video, Images, audio in subtitles, only 3DOF!

* Defines
* Coordinate system
* Projections and packaging of video regions (region wise packaging)
 Storage of omnidirectional video and metadata

 Profiles for video, audio, images and text

» Describes approaches to viewport-dependent 360° video processing



Region-wise C
content

» Multiple versions/qualities of video on server
* Each version includes full 360° video
 Each version has other region in high quality (HQ)

uality ranked encoding of omnidirectional

HQ

HQ

HQ

HQ

HQ

» Field of view is labelled with metadata (quality ranking metadata)

» Selection of a version on the server and streaming to the client

LMMFEL
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\What else Is transmitted

» Subtitles in a certain location on the sphere
* Initial field of view
» Recomended field of view

* Images
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-0V bitrates — comercial service (Ti\edmedia ClearV/R )

Weele B G R G LR ENCEGIEE ~Instantaneous (limited by refresh rate of HMD)

Motion-to-high-resolution . . :
5 blatency 20-40ms using typical CDN (Akamai, Cloudfront, etc.)

SRR LTGRO S e 1 single decoder (Hardware or software)

CELRDIIGIGE[adls]yW Factor of ~5

Typical Bandwidth Use
AWERLIEInER ~ 4 —6 Mbps

I EQLIeInER ~ 12 — 16 Mbps

PACGELGIEInEN ~ 16 —20 Mbps




LMMFEL

Network implications

* Cloud based /R services and content
 \/ideo transmission (cloud : video -> network -> VR HMD)

» High demands for the network infrastructure (edge nodes processing)

PY Lowe r I nte raCtIVIt\/ (VI d eo) Table 1-1 Cloud VR service scenario overview
° H gh : VT \/ (g ) Cloud VR IMAX Cloud VR education
I I n te raCtI V I t a m e S Cloud VR live broadcast Cloud VR eSports arena
Cloud VR 360° video Cloud VR marketing

Cloud VR gaming Cloud VR healthcare
Cloud VR music Cloud VR tourism
Cloud VR fitness Cloud VR real estate
Cloud VR karaoke Cloud VR engineering

Cloud social VR

Cloud VR shopping

Huawei, Cloud VR network solution WP, 2018,
https://www.huawei.com/minisite/pdf/ilab/cloud vr network solution white paper en.pdf



https://www.huawei.com/minisite/pdf/ilab/cloud_vr_network_solution_white_paper_en.pdf
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Trends

e More!
 Resolution -> 4k+, 8k+

* Temporal resolution-> 60/90/120 Hz
* New display technology

e Freedom of movement - wireless

* Eye-tracking

 Blending of VR in AR/MR worlds (space =G 64%
awareness) caming 6%

* New interactions and haptics

* Multiplayer
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Challenges

e Social effects / asocial

o E\/e strain Future of YR by 2025

» User experience challenges S

» Cybersickness % %
e Network bt e s s I ool I s
* Do we really need all this? .

Peal Estate Retail Military Education
$2.6 billion $16 billion $1.4 billion $700 millien
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VR s like the first iPhone — a small number of people are extremely excited about it
but it's true power still hasn't been created’
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Thank you for your attention!




