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EXECUTIVE SUMMARY

This document is a compilation of printed dissemination material (including technical
information). In this second release, the materials provided in D5.7 are supplemented by
updates to these documents (project image, commercial fact sheet), as well as newly created
ones (5 posters and 2 technical fact sheets).

This wide range of printed communication materials have been produced to present the
project and its outcomes. Contents have been specifically created to meet the needs of each
channel/audience, always with a clear and appealing approach.

The materials have been used in the global events where the VRTogether project has been
showcased, including ICT 2018, MMM 2019, ICT Open 2019, IEEE VR 2019, CERTH-ITI Open Day
2019, NEM 2019, ACM MMsys 2019 and IBC 2019.

Fact sheets were created with different approaches (technical, general info, commercial, etc.).
In order to give detailed explanations of the developments achieved at various dissemination
events. Initial versions were focused on general information about the project (i.e.: scope,
objectives, and technologies to be developed) and technical insights of the pilots. Subsequent
versions were later developed to present the achievements of the project and its current
status.

Furthermore, a series of posters providing detailed information on specific topics was
developed during this second year. An initial poster featuring a description of the first pilot, an
overview of the configuration modes and a diagram showing the platform architecture was
followed by a range of posters, each taking a different approach to the project, to support
dissemination at public events.

The material is accessible and downloadable through the project website:
http://vrtogether.eu/project-outcomes/dissemination-materials/
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1. INTRODUCTION

This document is a compilation of the printed dissemination materials (including technical
information) produced within the VRTogether project from M14 to M24.

The document is mainly structured in two parts. A first part lists all the documents produced
during the second year of project. The list provides also a brief description of the document.
The second part of the document provides the documents.
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2. PROJECT DOCUMENTATION

2.1. List of material

Version |Description (I;ielease Author
ate
Lodo 10 A logo that was initially used in internal 2017 Entro
9 ' documents and later would be improved. October 17 by
. . . 2017
Logo 20 Plfferent formats of multi colored and dynamic November Entropy
0go
12
A stock image to have a recurrent resource to 2017
Project image 1.0 be used in the several dissemination materials = November i2CAT
that transmits the project concept. 29
. L L 2017
Project image 2.0 A stock_ image emphasizing the social side of November i2CAT
the project. 29
A poster that introduces the project and its '
objectives. This poster was used in order to
present the project ImmersiaTV during the 2017
Poster 1.0 workshop "Collaboration Towards the Future October 10 i2CAT
of Media" (organised by the EU) in Brussels on
October 10th, 2017. It shows the project
objectives and milestones
An Al poster featuring a description of the first
pilot, an overview of the configuration modes
and a diagram showing the platform 2019
Poster 2.0 architecture. It has been displayed at January 21 i2CAT
VRTogether's lab nodes, as well as in events y
such as CERTH-ITI Open Day 2019 and NEM
2019.
An Al poster presenting a general overview of
Poster 3.0 the project, focused on the pipelines, platform 2019 July i2CAT
Social VR ' characteristics and products. It was displayed 19
at VRTogether's booth at IBC 2019.
An Al poster detailing the actual exploitation
opportunities, including 2 end-to-end products,
E?oS;Scr;ts 3.0 2 main components and 1 evaluation service. 2019 Jullg i2CAT
It was displayed at VRTogether's booth at IBC
2019.
Poster An Al poster detailing the platform 2019 Jul
Technological 3.0 architecture and the specific innovations in 1%/ i2CAT
Innovations terms of technology
An Al poster detailing the roadmap and each
P_oster 3.0 of the pilots, as well as the evaluation 2019 July i2CAT
Pilots 19
methodology.
An item that introduces the project and has
) . SO 2017
Commercial 10 been frequently used in the more initial phase November i2CAT
Fact sheet ' of period 1: IBC 2017, NEM Summit 2017, 29
MMSYS2018 and TVX 2018
Commercial 2.0 A flyer with a more commercial bias that can 2018 Entropy,
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Fact sheet be used in order to reach and engage the September i2CAT
industrial stakeholders 13
A slight update of v2.0. This accordion-fold
brochure presents the project and its
. S . . 2019
Commercial 3.0 objectives, provides an updated overview of September Entropy,
Fact sheet ' the pilots and lists VRTogether's potential i2CAT
) - 6
products and main features. It was distributed
at IBC 20109.
Design of a general document that explains 2018
Technical fact 10 the main technical aspects of the first Pilot and September Entropy
sheet ' the demo shown. It has been used during 13
IBC2018.
Technical An A4, double-sided fact sheet showing the 2019 July
Fact sheet 2.0 key features of the end-to-end web-based on i2CAT
Web pipeline framework. It was distributed at IBC 2019.
lgg?g;}ceaelt An A4, double-sided fact sht_aet _showing the_ 2019 _
Volumetric 2.0 key features of the yolumetrlc video production September i2CAT
. system. It was distributed at IBC 2019. 6
video
A roll up designed to grasp visitors’ attention
during the IBC2018 and inviting them to test 2018
Roll up 1.0 the demo. It contains a market-oriented claim, October 29 i2CAT
the members of the consortium and the EU
flag.

D5.8 - Documentation and technical fact sheets v2 7 Version 1.2, 27/09/2019



3. LOGO

3.1. v1.0

VR, JOCGETHER

3.2. v2.0

R "R

VRTogether VRTogether RAIIeL{E1aly

/VQ VRTogether Nﬁ VRTogether r‘ VRTogether
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4. PROJECT IMAGE

4.1. v1.0
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5. POSTER

5.1. v1.0

VRTOGETHER

In this project, our aim is to radically improve the experience by innovating in how media
formats are used (i.e, how audio, video and graphics are captured, delivered and rendered at
users’ homes) demonstrating a significant improvement of the feeling of being there together
and the photorealistic quality of the content.

OBJECTIVES © o o

Develop and il newmedia A existing pi i Re-Design the distribution chain
formats that deliver high quality pipeline to capture and encode 50 such innovative content format
photo-realistic content and create  multiple media formats and can be orchestrated and delivered
& strong feeling of co-presence in integrate therm with state-of-the- in a scalable manner.

coherently i i art post ion tools.

Develop appropriate Quality of Maximize the impact of VR~

Experience (QoE) metrics and Together can have on content

evaluation methads to quantify creators, producets, distributors,

the quality of these new social VR tooling companies, service

experiences, providers and the general
audience.

MILESTONES i i @ ne

R
3 pilots addressing 3 different Intimate Concert Live news Interactive Fiction
production format in a unified Offline pilot that Live ion of multi-source Pilot to demonstrate how the VR-
architecture. the innovative media forrmat of immersive content that takes the Together platform, in a custom-
VR-Together {orchestrating point user to the location where news are  designed content production
clouds, 3DMesh based models occurring while sharing them with  process, can allow for a novel form
and multiple video sources) can other people. of content where users meet,
produce a more intimate and and blend within the interactive
binding activity. immersive experience

7-2020)

program. under the grant agreement 7

Project Coordinator & Technical Lead

www.vrtogether.eu
sergifernandez@izcat.net

VRTogether's consortium has been strategically set Up to consist of 3
cover all stages of the production chain in a well-balanced way.
A combination of leading academic institutions I2CAT, TNO, CWI, CERTH, Artanim together with industry
Motion Spell, Viaccess-Orca spread over 5 European countries
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5.2. v2.0

VRTogether

AN END-TO-END SYSTEM FOR THE PRODUCTION AND DELIVERY OF
PHOTOREALISTIC SOCIAL IMMERSIVE VIRTUAL REALITY EXPERIENCES

PILOT 1: POLICE INTERROGATION
Two users watch a police
I interrogation from the dark side of
) the room. After the interrogatory,

-
SOCIAL VR LIKE - \ the users can interact and discuss
NEVER SEEN BEFORE about the scene.

WEB BASED fS,Pv TIME VARYING MESH
CONFIGURATION Kd o CONFIGURATION

A WebRTC powered full body A 30 full body recanstruction A 3D full body reconstruction

reconstruction employing RGB + employing meshes and using employing point clouds and working

depth information, RabbitMQ for its transmission. over DASH.

FoLLow us () RVRTogather_EU ;’:_)._12(-4'.‘ ¢ ¥ ¥ @ o
g e
www.vrtogether.eu BN TRORY VO @womonseeLL  F) avtanim_ VT e
aces-orea e
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5.3. v3.0

5.3.1. Social VR

B\ e . s AN END-TO-END SYSTEM FOR THE PRODUCTION AND DELIVERY OF
\O

m- mm w _PHOTOREALIS
@woronsee. ) artanim SOCIAL IMM ERSE
VIRTUAL REAL

EXPERIEN(
"R

VRTogether

SOCIAL VR
I-IKE NEVER SEEN VRTogether PIPELINES

BEFORE
VRTogether aims at enabling so- @
cial Virtual Reality experiences 0O
that allow a natural interaction
between remote users immer-
sed in a shared virtual environ-
mentin an affordable way and with
photo-realistic quality. It also ex-
plores the hybridization of content
formats—2D, 3D, Point Clouds and i
Time Varying Meshes (TVM)—to
achieve the highest quality
of experience possible VRTogether PLATFORM CHARACTERISTICS
while keeping pro-
duction costs un-
der reasona-
ble Limits.

\ Multimedia delivery chain |, Workflow development J, 3D rendering engines

\. Encoding & encapsulation of content stream L Live motion capture

. 3D characters recanstruction with TVMs or Point Clouds

.. Data orchestration within the information flow

PRODUCTS
) 20 i\ g/
FOLLOW US o= ‘ g ‘;ﬁ%
o @VRTogether_EU Lightweight Volumetric dataend 4D Capture Point Cloud New protocol
social VR to end transmission System MCU and metrics to
www.vrtogether.eu service system evaluate social VR
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5.3.2. Products

AN END-TO-END SYSTEM FOR THE PRODUCTION AND DELIVERY OF Fizcats

PHOTOREALISTIC  me=
SOCIAL IMMERSIVE  swm. soee
VIRTUAL REALITY
EXPERIENCES

"R

VRTogether

i PRODUCTS

Real-time E2E communication system. Based on web The VRTogether project is develo-
technologies (HTML5, Javascript, WebRTC and WebGL ping 2 end-to-end products that

- . APIs), combined with video coding and distribution : o
Lightweight tangaros tike DASH, it provides aneffcient VR based offera complete solution to exper

social VR service  conferencing system. ment social Virtual Reality; 2 main
components that can be proposed

as standalone components; and
It allows any kind of volumetric data (Point 1evaluation se(wce for new pro-
Clouds or mesh) to be transmitted to a final tocols and metrics for social VR

VO'.UITIEtI‘_iC E‘ata end to system by including smart Layers of filtering (sVR) evaluation.
end transmission system  and compression.

'

It enables multi-RGBD, Point Cloud and TVM real time

acquisition. The 4D Capture system will provide the

oppartunity to capture users even for XR applications since
4D Capture System itwill offer an automatic, smart HMD removal option.

Akey and strategical part of a real time
E2E communication system, which
can be considered as holographic

Point Cloud - MCU  conferencing system.
| Service

E' A set of objective metrics that can monitor -
(and predict) QoE, in a software package; and FOLLOW US

. a set of guidelines and protocol for others
New pI'OtOCDl and metrics to follow, developed to meet the evaluation o Q¥iTogethrrEU

to evaluate social VR needs of a new medium such as social VR. www.vrtogether.eu
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5.3.3. Technological Innovations

T AN END-TO-END SYSTEM FOR THE PRODUCTION AND DELIVERY OF
O

or- w  PHOTOREALIS
SOCIAL IMMERS
VIRTUAL REAL

EXPERIEN
"R

VRTogether

TECHNOLOGICAL
INNOVATIONS

VRTogether is innovating in terms of various I P
user representation media in social-VR, ena- 00

blingimmersionandinteraction between mul-

tiple remote users within VR environments. Home Based VR RGB+Depth

Depth-sensars technology enable volumetric
capturing thanks to RGB-D view acquisition.
From a single RGB-D view processing to a rig
of multiple RGB-D views, thanks to mesh-
basedand pointcloud-basedreconstruction
algorithms, the production of low-latency
volumetric video streams is now a true
envision.

Aiming to provide technologies for highly res-
ponsive and realistic user interaction, VRTo-
gether is innovating on media encoding,
transmission and rendering in an effi-
cient and orchestrated way.
ENCODING & —p ST AND CONTENT)

- n k C S \

To enhancev|mmersmn,' VRTo- LIVERECORDING - gycapsyLATiON ———— WEBSOCKETS (socket.o)
gether is researchingon ~  — "t | s + COMMANDS

sophisticated HMD re-

moval  methods, USERN
targeting more B SERVER

natural inte- % WT““‘:G ENCAPSULATION
raction be- i 1 DELIVERY

tween VR = = PLAYOUT
users. I

ORCHESTRATION

USER N+1

ENCODING &

FOLLOW US o | CARTURING ENCAPSULATION
* | CONTENT
© @VRrTogether_EU ok

X PLAYOUT

www.vrtogether.eu ]
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5.3.4. Pilots

AN END-TO-END SYSTEM FOR THE PRODUCTION AND DELIVERY OF

S 0 C I A L W ‘ @morionspec. Sl artanim
VIRTUAL
EXPERIEN

"R

VRTogether

PILOTS

A coherent Feeling of heing there (presence) and of @ VRTogether is assembling an end-
storyline being there together (togetherness) N to-end workflow for Social Virtual
across 3 A R~~~ Reality content production. De-

: ¢ Two users watch a police interrogation of a murder
pllOtS suspect fram the dark side of the room. During the velopment updates Sl presented

experience, the users can interact and talk about through three pilots, three episo-

the scene while seeing each other in a photo- des of agreat story abouta mur-

realistic quality 3D representation. der investigation The storyline

exploits the uniqueness of the pro-

scalability  presenter is giving an overview of the news of the day. When ject, ateam composed of technical

the murder is being reparted, users are holo-ported to the crime and artistic experts, by creating
scene where a journalist relates the details of themurder. a new experience that makes the

most of the writing possibilities.

-~
Live mediaand  Four users are placed in a TV news studio where the b

.
.
L}
¥

-

Interaction
and 6DoF

users being able to interact with objects and characters in
the scene, driving the scenario through their interactions.

Users are able to All their actions A3D You can see WATCH

interact remotely are delivered in reconstruction the other users PILOT 1

in a shared VR real time of the users body interacting as
world is provided themself

The final pilot will conclude the presented story, with @ 4

%
g

EVALUATION METHODOLOGY ? DEPLOYMENT

Objective Metrics Subjective Metrics — Collaborative User Lab
Inter-connected nodes in Greece, FOLLOW US

— Performance Metrics — Questionnaires The Nethertands & Spain
— Users” behavior — Semi-structured — Scientific & Industrial o @RTegettier EU
[gestures, head movements) interviews events www.vrtogether.eu
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6. COMMERCIAL FACT SHEET

6.1. v1.0

L L B
ol lowe

In this project, our aim is to
radically improve the expenence

by mnousting in how media Fwrmren
formats 2ee used (i, how sudio, . 3 mmave

: : L R W neo
wideo and graphics are captured, :

defiversd and rendered at 'humcm-m \O @t F)) My
users homes) demonstrating a =
sigreficant improverment of the

fealing of being there together M e s e e’

and the photorealistic quality of RS

W Togetters comortiom fas bes
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6.2. v2.0

PILOTS tiaifs e scenaria IONS & USE CASES MAIN FEATURES

Several users experience a live scenario: they are taken to a news
broadcast set where, following the story, the background changes
and they can view and examine the crime scene.

Three pilots, three different episodes of a great story about a murder
investigation.

Pilot 1: Police interrogation

Pilot 3. Interactivity
Two userswatcha police interrogation from the dark side of the room.

B During the experience, the users can interactand talk about the scene Extending the experience of the other pilots, users interactwith the
while seeing each other in 2 phot L lity 3D rep virtual environment with cause-effect actions.
4& EXPECTED IMPACT
To set a new standard in social VR using
Watch the
" promotional off-the-shelf products
video! 9 2

Photo-realistic look-alike
avatar

OBJECTIVES FOLLOW US PHOTO-REALISTIC
Oe o e IMMERSIVE CONTENT
VRTogether

o Develop and integrate new o Develop appropriate Quality of

media formats that deliver high Experience (QoE) metrics and

quality photo-realistic content evaluation methods to quantify

and create a strong feeling the quality of these new social PARTNERS
of co-presence in coherently VR experiences.

integrated experience.

AN cerm
o Adapt the existing production e Maximize the impact of
pipeline to capture and encode VR-Together can have on
multiple media formats and content creators, producers,
integrate them with state-of- distributors, tooling companies, @moTion speLL ) artanim
the-art post-production tools. service providers and the hon——.

general audience.

Re-Design the distribution
chain so such innovative content
format can be orchestrated and
delivered in a scalable manner.

This project has been funded by the European Commission as part of the
H2020 program, under the grant agreement 762111
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6.3. v3.0

OBJECTIVES

o Develop and integrate new
media formats that deliver high
quality photo-realistic content
and create a strong feeling
of co-presence in coherently
integrated experience.

VR experiences.

o Adapt the existing production
pipeline to capture and encode
multiple media formats and
integrate them with state-of-
the-art post-production tools.

VRTogether can have

service providers and
general audience.

o Re-design the distribution
chain so such innovative content
format can be orchestrated and
delivered in a scalable manner.

PILOTS

updates are p through three pilots, three
episodes of a great story about a murder investigation.

Pilot 1: Feeling of being there [presence) and of
being there together (togetherness)
Two users watch a police interrogation of a murder suspect from the

dark side of the room. During the experience, the users can interact
and talk about the scene while seeing each other in a photo-realistic

quality 3D representation.
e B 4 8
Al

Users are able to All their actions D You can see

Interact remotely are delivered in reconstruction the other users

ina shared Vi real time of the users body imual:ﬁl.l? as
world is provided themself

eMaximize the impact that

content creators, producers,
distributors, tooling companies,

FOLLOW US

0 @VRTogether_EU @ www.vrtogether.eu

o Develop appropriate Quality of
Experience (QoE) metrics and
evaluation methods to quantify
the quality of these new social

PARTNERS

ceRtH w ieosaaticn
[

on

@woTion specL ) artanim

This project has by the E c rtof the
12020 program, under the grant agreement 762111

the

Pilot 2: Live media and scalability

Four users are placed in a TV news studio where the presenter is
giving an overview of the news of the day. When the murder is being
reported, users are holo-ported to the crime scene where a journalist
relates the details of the murder.

Pilot 3. Interaction and 6DoF
The final pilot will conclude the presented story, with users being

able to interact with objects and characters in the scene, driving the
scenario through their interactions.

Pilot 1

"R

VRTogether

PHOTOREALISTIC
SOCIAL IMMERSIVE
VIRTUAL REALITY
EXPERIENCES

APPLICATIONS & USE CASES

Current Social Virtual Reality applications focus on abstract
user representations, with simplified avatar representations.

VRTogether now offers the possibility of meeting friends,
family and colleagues with a photo-realistic look-alike
representation, which brings better support to a multitude
of emerging applications, such as business meetings and
educational experiences.

Bo-

Ughtweight ~ 4QCaptre o Cloud
social System L]

SOCIAL VR LIKE Q@g
NEVER SEEN BEFORE

VRTogether project aims to offer ground-breaking social Virtual
Reality (VR) experiences between users located in remote domestic
scenarios, based on photo-realistic immersive content, in a cost-
effective manner.

VRTogether's consortium h
ver all

A combination of g research institutio
CERTH, Artanim together with industry actors Entropy, Motion
Spell, Viaccess-Orca spread over 4 European countries.

KR
MAIN FEATURES

|, Live motion capture

. Multimedia delivery chain

\ Workflow development

|, Encoding & encapsulation of content stream
, 3D characters reconstruction with TVMs or Point Clouds
, Data orchestration within the information flow

EXPECTED IMPACT

To set a new standard in social VR using
off-the-shelf products

D5.8 - Documentation and technical fact sheets
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7. TECHNICAL FACT SHEET

7.1. v1.0

WEB BASED CONFIGURATION PLATFORM ARCHITECTURE

Capture and delivery TNO e VRTogether

This Is & basic web-based contlguration emplayed In VR-Together. Far the capturing process, the Kineet V2
or the Realsense DA15 camers is used, For the stresming process, the WebRTC Iramework is used,

The toreground/background segmentation Is based on the depth Image. A reference image (RGE + depth|
is captured before a user is present in the scene. Next, each frame of the captured video is processed
The depth image of sach frame is compared to the referenca frame to determine the fereground, i o, the
image o the user. This deoth map is cleaned up, and applied (o the RGE Image Lo relrieve the ysers RGE
foreground image. The sequence of images, retrieved in this way, is offered a5 3 virtual webcam to the
WebRTC tramewark

The dolivery s Iramewiork s usedto retrieve
both the virtual webcam and the HMDs microphane. Sessions are set up between the various users under
supervision of the Drchestration component. The media is exchanged in a paer-to-peer fashion between
the clients invoived in the sessian

Additional developrvents in this configuration involve
Applying the captured RGB4D inta a Point Cloud that is overlaid on the captured users position. 10 show 3
self view

Streaning the captured depth irsges to ather clieats 1o allow s 30 image reconstruction at the recenving

jo;

Play-out TNO i

For rendering, the A-Frame tramework is used, which is based on WebVR. In this framework, various
abjects can be combined into 3 singie VR experience. I the basic scenario, a 350 degree photo is used as
a virtual environment_ In this envircarent, 2D planes are placed at the other users’ positions, and their
video lcontaining oaly their foreground] is displayed on these 2D planes. The accampanying audio, which is
synchronized with the videa by using the WebRTC Iramework, is aiso placed at the users positions

OMPONENTS DESCRIPTION

Object-based audio is supported through the integration of the Gaogle Resonance framework. For display
of 30 objects, |.e. self-reprasentation of 2 user or representation of cther users, custom shaders that
support the employed RGE + depth tarmat for display in 3 30 fashion have been developsd while the 3D
room mode object is supported by A-Frame by defaull

Th et s b v 2 1 Erstan Commicien s part o s
R0 pragram, wnder e gt sgpmeenar T53411

FOLLOWUS () @VRTepthar EU () wwwarrtogather.en
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TIME VARYING MESH CONFIGURATION

Capture and delivery @ MOTION SPELL

Atull-body 3D user representation is reonstructed (real-time| in'a 3D mash farm, Le. a set of connected
appiying Y texturing. The capturing of colar and mation is realized by
8-D cameras Including Ihe processing of spstial mapping and alignment ol the
Captured 2.5 data into ID, resulling in 3 watorlight 3D TVM which is reconstructed in real-time. TVMs
contain multiple REB fextures, one per RGB-D device, as wall 25 the 3D geometrical information of the
mesh, L& the vertices, polygons and the coeresponding normal vectoes.

Die 10 the data intensive nature of TVMs, comprassion for fast and efficlent transmission via web-based
SEenarios s anecessity, TVMs are compressed Bath on the leve] of fextures as well ss in that of the 30 mesh
30 data Sicipremse Ao site ol-the-art methods (v.9, Draeo, Carlal whie for the toxtures e
TurboJPEG library isused e serialized |

a RabbithQ server, allowing for he VR-Together player 1o conect a
inreal-time

ransterred information

Play-out Jizcat:

Following Whe informalion retrieval st the player’s side, the packaged TVMs are deserialized and decoded
prior to the final step, namely the TVM rendering. To his end, the ransferred RGB textures are blanded
ta colorize the 30 mesh within a unity 30 scene. In ar, fhe textures are weighted based on the
confidence given by the angle difference between the normal of the correspording polygons and the camera
views axis, thus, higher angles correspond 1a Lower ceatidence.

The audio is mixed lacally Lo reflect the position of ewry audio object, and is affected by the position 3nd
rotation of pach user and element in the virtual environment

‘-u(hava{xlserrw\oe(a oh cto-realistic 30 environment whare 3D assats, stereoscopic billboards and 3D
user sty pi ina manner.

Each user starts a session where b or she can sccially interact with the other person, being each ane of
them able to exparience 3 different part of the storyvia their Head Mounted Displays (HMDs)

s g rub omipoor
it gt vdablcrte
G s hs o]

VRTogether

7.2. v2.0

7.2.1. Web pipeline

POINT CLOUD CONFIGURATION
W @ MOTION SPELL

Avolumeteic regresentation ol the user is captured in real-time 35 Point Cloud, i€, 3 set of independent
points in space, each associated 1o its spatial coordinates and an RGE triplet indicating the color of the
peint. The capture is performed by a signal acquisition module, developed by CWI, that merges the data
eaptured by multiple testure + deptn Intel ReaiSanse sensors, pasitioned arcand the user. The capture
mddule outputs & raw Foint Claud frame snd the corresponding captune Imestsmp sl a varishie Irame
rate

Capture and delivery

The raw Point Cloud would require extremely high bandwidth to te transmited aver bandwidth-limited
networks. Thersfoce, In order to enable Gelivery of the Paint Cloud signal, each Point Cloud frame Is
deliyered s Input 10 3 lossy encader, develop I,yC‘I\‘I ‘hich reduces the bitrate ne=ded o repre:
wolurn moving visust redunisncy. The output of the encoding modute is an encoded Paint
Cloud frame. The capture timestamp Is aiso Ineluded in the encaded siream o enable their smchronized
presentation

Finally, each encoded Pont Cloud frame is packed Into a DASH segment L=, mds fil), by an application
based on the Signals framewark, developed by Mot imés files corresponding 1o temporally
int Cloud frames are stored on 3 DASH server, ready to be delivered via HTTR,

Play-out J

The incaming packaged Paint Cloud frames are handled at the receiver side by using GStreamer framewsrk

AnHTTP connaction is established tof irst obtain the MPD and then request the DASH sagments composing

the stream, From the DASH segments the Foint Cloud structure is uunmc and sent to the Point Cloud
T

decodss nchranizatian
odule 10 allowthe presentation of all inceming datain a symhnvme«_ mannes

A native Point Cloud renderer module was developed 1o enable user rapresentation in that format. It is
based on the wrapper far Unity of Intel RealSense SOK 2.0, which transforms the raw data from the RGE
Camera and the Depth Sensar inta & Unity 30 mesh

D b convgpaciscpats
gz gromer reedock g o)
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END-TO-END WEB-B/
FRAMEWORK TO BUILI ,
CONSUME SHARED AN: VRTogether
SOCIAL VR EXPERIENC

FEATURES

Simplified Technology Pipeline Fully orchestrated

+ Use of Web-based components: Session management, with per session setup

» WebRTC for communication. options.

» WebVR, WebGL for rendering. + Multi-person capture and rendering management.
» React, Node.js and A-Frame for Ul frontend. Synchronisation of live and virtual content.

+ Using common off-the-shelve and consumer grade
equipment for capture and display.

REAL-TIME LIVE CAPTURE

« Live 3D capture of users using RGB-D cameras (e.g. Kinect or Realsense).
« Provide self-view and HMD removal for local user.

PEER-TO-PEER OR BRIDGED COMMUNICATION

+ Communication service through WebRTC.

« Peer-to-peer or if needed for scalability through a VR bridge, combining all individual participant’s streams
in one large stream.

EASY INTEGRATION OF VIRTUAL ENVIRONMENT

« Support for photo-realistic 360 video and virtual 3D environments.
+ Multiple concurrent sources possible, eg. live streaming video in a virtual environment.

= TNO e VO @motion speLL ) artanim
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SIMPLIFIED
TECHNOLOGY
PIPELINE

RGB+D camera
e.g. Kinect/Realsense

WEB
ARCHITECTURE
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Depth or disparity

based background

removal and HMD
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Standard Browser
WebGL +

-
i VR A/V stream

@ RGBD Capture
RGBD processing

Video

WebVR +
A-Frame

Selfview
WebRTC

Local API
Media
Ingest
(video +
audio)

0 Audio

WebRTC based HMD supported by
VR bridge browser’s WebVR
Orchestration
—————— -»> Orchestrator
tSignaIIing

Full stream A/V

VR Bridge

Individual stream g
(A/V)

—

Web server
Download
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PRODUCTION AN
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VRTogether
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7.2.2. Volumetric video

ect has received func
arch and innovation prog

END-TO-END VOLUM
VIDEO PRODUCTION ,
SYSTEM FOR IMMERSI\ VRTogether
VR EXPERIENCES

TECHNOLOGY FEATURES

Portable Scalable

+ Flexible and light-weight sensor calibration. + Support of variant number of sensors to alter the
associated equipment cost and complexity,
depending on the level of geometry detail and

+ Low-specification hardware resources for multi- visual quality.
RGBD data acquisition.

- Off-the-shelf RGBD sensors (i.e. Intel RealSense
D400 series, Azure Kinect DK).

Low-cost

VOLUMETRIC VIDEO PRODUCTION

+ Real-time (online) volumetric media streaming.
« Support of live self-view representation to boost immersion.
+ Content creation through volumetric media recording and post-processing.

REAL-TIME VOLUMETRIC VIDEO COMPRESSION

« State-of-the-art geometry libraries integration.
+ Multi-view texture compression.

EASY INTEGRATION OF VIRTUAL ENVIRONMENT
+ Game engine plug & play compatibility (e.g. Unity3D, Unreal Engine 4).

+ Support of photo-realistic 360° and 3D environments.

+ 6 Degrees of Freedom for the user.

N <X = :
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SIMPLIFIED
TECHNOLOGY
PIPELINE

3 52

Volumetric Volumetric 6 DoF / XR
video video
compression Streaming

Multi-sensor Volumetric
Setup video
production
NATIVE
ARCHITECTURE
OVERVIEW
% VR A/V Stream ‘
< Unity VR API
|Self-view
Audio Local Media
Ingest (Audio
""I"I"" +Video)
BERD¥inen Multi-view Volumetric
—— ta Video
—_— Processing Production

Orchestratlon
—— Orchestrator

: Full Stream A/V ‘
Volumetric P&
Video
Streaming API Brldge
Indlwdual
Stream (A/V)

PHOTOREALISTIC SOCIAL IMMERSIVE

VRTogether
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VIRTUAL REALITY EXPERIENCES
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8. ROLL-UP

8.1. v1.0

N

VRTogether
PHOTO-REALISTIC IMMERSIVE CONTENT

SOCIAL
VR'DEMO

Available to try now!
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