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EXECUTIVE SUMMARY
The project has successfully accomplished the planned tasks towards the execution of the second
pilot. The coordination between WP2 and WP4 facilitated this process. In particular, the activities
that have taken place in the second year of the project include:
 Formation of a new advisory board, based on focus groups and interviews with
representatives of 25 companies
 Establishment of two connected user labs between France and the Netherlands (web client
pipeline) and between Spain and Greece (native pipeline)
 Execution of 12 pilot actions for paving the way towards pilot 2
 Full content creation, production and post-production, of high-quality assets for pilot 2 (see
D4.3)
 Pilot 1 content deployment with professionals in the 2019 NEM Summit and IBC, and pilot
2 content deployment with professionals in 2019 VRDays
 Pilot 2 deployment with end users in Barcelona, expected before the end of the year.
Execution of pilot 2 with end-users, with a first iteration in November (before the second
year review) and a second one in February (after the review).
Section 2 focuses on the metrics and evaluation methods. During the first year, the project created
a new set of metrics and protocols for evaluating social VR. The impact of them may go beyond the
project, since it can be become the de-facto standardized manner for evaluating a new genre of
experiences: social VR. The protocol and metrics include both quantitative and qualitative aspects;
a set of objective metrics based on the behaviour of the user, focusing on speech analysis, neck
rotation, body movement, etc.; and performance metrics for profiling the system aspects. In year
2, these evaluation methodologies have been refined in different ways. First, a deeper analysis of
results from year 1 has allowed to validate the method, resulting in a consolidated questionnaire
published in the top ACM CHI 2019 conference. Second, new specific aspects (multi-user setup with
more than 2 users and liveness) have been incorporated in the questionnaire for evaluating the
novelties introduced by pilot 2. Finally, a number of objective measurements (movement of the
user, rotation of the neck and viewport, performance of the system) are now being automatically
collected by the infrastructure.
Section 3 details the formation of the new Advisory board of the project. For the second year, the
project took the decision of involving local professionals, closer to each partner, instead of having
a global committee. Thus, the activities of the advisory board have been discontinued, and instead
focus groups and interviews with professionals have taken place. This solution is better because
such professionals are more accessible and it is easier to arrange meetings with them. As a result,
a number of selected members of the 25 represented companies (e.g., KLM, KPN, HP, ATOS…)
participated in the focus groups with VR professionals/stakeholders, and many of them form now
the Advisory Board of the project.
Section 4 describes the newly established connected user labs for both the native and the webbased pipelines. The native pipeline connects Spain and Greece, and now incorporates the most
recent volumetric capturing infrastructure developed in the second year of the project. The web
pipeline now connects France and the Netherlands. That section describes the infrastructure and
reports performance metrics.
Section 5 reports on twelve experiments, or pilot actions, that have taken place in the second year
of the project in order to help the project constructing the trial, evaluating the developed system
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and providing technical requirements. In particular, three types of experiments have taken place:
experiments for evaluating the end-users and the environment representation, creation of datasets,
and assessment of the underlying technology.
Finally, Section 6 details the pilot evaluations with both end users and professionals. Due to
technical integration difficulties, the first round of evaluations with end users happened before the
end of the year, but these rounds were completed in February 2020 with more users. In addition,
the pilot 1 content was presented at the NEM Summit 2019 and IBC 2019, while the pilot 2 content
and technology was presented in VRDays 2019.
During the third year, further pilot actions using the material of pilot 2 are expected, both at major
events and with the Advisory Board. Moreover, pilot 3 content will be produced and evaluated with
end users and professionals. Finally, the intention is to showcase the full story (pilot 1, 2 and 3) at
relevant festivals, like Venice.
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1 INTRODUCTION
1.1 Purpose of this document
The purpose of this deliverable is to provide the reader with a comprehensive overview on the
activities around the second pilot of the project. The document provides information about the
metrics and methodologies developed by the project, the preparation work in the form of
experiments (technological and with users), and a detailed report on the pilot. Moreover,
information about relevant activities such as the formation of the advisory board and the
establishment of connected user labs is detailed. This is the second version of the deliverable (the
first one is D4.2), and will be subsequently updated in the third year for pilot 3. Overall, the
objectives of this WP have been met, with high-quality production of content (see D4.3) and
successful pilot evaluations both with end-users and professionals. Pilot 2 is still active, with a
number of relevant events (showcase to advisory board and demonstrations in 2020). In parallel,
work towards pilot 3 has already started (see D2.3).

1.2 Scope of this document
This document reports all the activities leading towards the second pilot of the project, and the
pilot itself. This includes the metrics and methods that have been developed by the project to
conduct experiments and evaluate the results, the experiments that have paved the way towards
the pilot, and the pilot status.

1.3 Status of this document
This document will be alive during the whole project period, that is, during the 3 iterations of the
project. Three different versions will be formally submitted to the EC and uploaded in the project
website. This is an updated version of the deliverable for pilot 2, with includes the results from the
end-users evaluations for the second pilot.

1.4 Relation with other VR-Together activities
This document gathers the outputs of all the activities of WP4 during the second year (T4.1 to T4.3).
D4.3, from the same WP, further details the content production process. The work is as well closely
related to WP2, responsible for requirements gathering, the user labs (and experiments), and the
technical integration for the pilot infrastructure.
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2 METRICS AND METHODOLOGIES
This section details the metrics and methodologies created and used during the second year of the
project, applied to the different pilot actions and user evaluations. In particular:


User experience (subjective): questionnaires, interviews, observations for gathering enduser data



User experience (objective): gaze, head direction, speech for gathering end-user data



Technical performance (objective): bandwidth, jitter, frame-rates for profiling the system



Added value (objective/subjective): questionnaires for identifying the added value of the
proposed solutions

2.1 Subjective Evaluation
In this section, we present the overall development and validation of the subjective evaluation
metrics. In the first year of the project (see D4.2), we developed a questionnaire specifically for
collecting users’ subjective experiences in social VR. There are many existing questionnaires aiming
for measuring social interaction, quality of communication and presence immersion experiences,
but it is impossible to use all these questionnaires in one single experiment. The challenge is to
combine all the knowledge from the literature into one single questionnaire that measures social
VR experiences.
Therefore, a new social VR questionnaire was developed based on existing questionnaires for
presence/immersion experiences, and computer-mediated social communication. We also devised
questionnaire items according to the factors identified in the user-centric studies (details can be
found in Section 2.1.1). In the second year, we examined the internal validity of this questionnaire
based on the data collected in a number of experiments from year 1; in particular CWI-1.2 (i.e.,
comparing photo sharing activities in social VR, Skype and F2F), CWI-1.3 (i.e., comparing video
watching in two social VR systems and F2F) and pilot 1. The social VR questionnaire can be easily
adapted and used for other user activities, simply replacing the activity in the questionnaire items
with the new intended activity. The questionnaire has been adapted for future experiments and
pilot actions. The goal is to, at the end of the project, based on all the collected data, internally and
externally validate the questionnaire as a strong contribution to the scientific community.

2.1.1 A user-centric approach for developing the social VR
questionnaire
D4.2 already described the resulted questionnaire that we used in the project. This section provides
more details about how such questionnaire was constructed following a user-centric approach
based on three main studies conducted in year 1 (Figure 1). First, we started with two context
mapping sessions to gain insights into the current face-to-face (F2F) photo sharing, the experiences
and phases of actions while sharing photos. Second, we ran a creative session with six experts in
VR technology, aiming to better understand the social interactions around each phase of photo
sharing. Third, with the identified experiences and the concluded social interactions identified by
the experts, 20 UX designers and researchers were recruited to link the social interactions with the
experiences. The relationship between the interactions and the experiences resulted in a further
categorization of the experiences. In the following paragraph, we are going to briefly elaborate on
the processes and results of the studies.
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Figure 1: User-centric approach to develop the social VR questionnaire

The two context mapping sessions (N=10) resulted in 12 categories of typical F2F photo sharing
experiences (Table 1), and five phases of actions during the photo sharing (Figure 2). In the VR
expert creative session, the experts were instructed to brainstorm any possible social interactions
that can happen between people. The five phases of photo sharing identified in the context
mapping sessions were introduced to the experts, and the experts were asked to cluster relevant
social interactions they generated according to these five phases. They were also allowed to add
new social interactions while clustering. The last step was to vote for the social interactions they
considered important for F2F photo sharing.
The five clusters of social interactions generated according to the five phases were re-categorized
and independently cross-checked by three researchers. The experts’ votes were added up for the
categories that emerged from the five phases. We used the categories that received at least three
votes, which resulted in 20 categories. These are: way of speaking (13x), body gesture (10x),
listening to atmospheric music (9x), eye contact (8x), pointing (8x), facial expressions (7x), hugs (5x),
touch (5x), hand gestures (5x), laughter (5x), clothes / appearance (4x), gaze (4x), holding photos
(4x), browsing albums together (4x), voice (4x), taking photos together (4x), playful activities (4x),
drawing / marking (4x), asking questions (3x), mentioning others (3x).

Table 1. Typical experiences of face-to-face photo sharing
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Figure 2: A typical face-to-face photo sharing experience timeline: Five phases of actions

Experience is shaped by the ways people interact and communicate in social relationships. We also
know interactions influence experience. Forlizzi and Ford [2] proposed a model of UX in terms of
interactions, showing that experiences are momentary constructions that grow from interactions
between people and their environment; here an “interaction-centred view" is valuable in
understanding UX. Based on this model, we further investigated how these 12 categories of
experience (identified in the context mapping sessions) can be clustered according to their relations
with the 20 social interactions generated in the expert session. To identify such links, we designed
a 12-item online questionnaire where respondents can map interactions to the 12 experiences
identified earlier. Each item described an experience and provided a list of 20 interactions.
Participants were requested to select the interaction(s) that can elicit the experience.
To identify the core components in the experience-interaction mappings, we ran a correspondence
analysis (Figure 3). Our analysis suggested three components of experience, named based on the
type of experience comprised in that component: Quality of Interaction, Presence/Immersion, and
Social Meaning. From this analysis, we developed our photo sharing social VR questionnaire. The
questionnaire started with a self-report emotion tool developed by Vastenburg et al. [10] This
questionnaire was chosen (despite many existing emotion report questionnaires) as it is both rich
(captures multiple categories) and an easy-to-use pictorial mood-reporting instrument. It is
followed with 32 questionnaire items (Table 2) that represent the three identified components of
experience, all of which are cross-checked from existing presence questionnaires, and some
subsequently adapted.

Figure 3: The correspondence analysis of the clustering questionnaire resulted in three components of experience that is
relevant to social VR, namely Quality of Interaction (QoI), Presence/Immersion (PI) and Social Meaning (SM)
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Component 1: Quality of Interaction (QoI). Four types of experience were included here: (1) feeling
understood (2) engaging conversations (3) feeling others’ emotions (4) comfortable environment.
Except for (4), the other experiences are about how people communicate and interact with each
other. Quality of interaction here is defined as the ability of the user to interact with the virtual
world and to interact with other users in that virtual world. It assesses the quality of communication,
mutual sensing of emotions, and naturalness between virtually represented users. Questionnaire
items 1-11 in Table 2 were for measuring QoI, where items 1,2,8,9 were developed based on two
experience types 1 and 3 in this component, items 3-7 adapted from Garau et al. [3], and items 1011 adapted from Nilsson et al. [5].
Component 2: Presence/Immersion (PI). Three types of experience were included in this
component: (1) conversation triggers (2) same focus (3) tangibility of photos. Witmer and Singer
[11] defined immersion as a subjective and psychological state characterized by perceiving oneself
to be involved in and interacting within a virtual environment. Questionnaire items 23-32 in Table
2 were for measuring PI, where item 23 was adapted from Slater et al. [7], items 24-25 from
Schubert et al. [6], item 26 from Witmer & Singer [11], and items 27-32 from Jennett et al. [4].
Component 3: Social Meaning (SM). Four experience types were included in this component: (1)
sense of togetherness (2) recall and recreate memories (3) create stronger bonds (4) have fun.
Social meaning is defined as the experience of “being together", both mentally and physically.
Questionnaire items 12-22 in Table 2 concerned measuring SM, where items 12-16 were adapted
from Biocca et al. [1], items 19-21 adapted from van Bel et al. [9], item 22 adapted from Steen et
al. [8], and items 17-18 developed based on experience types (2) and (3).

2.1.2 Examining the internal validity of the social VR questionnaire
After developing the social VR questionnaire, it is essential to validate the social VR questionnaire
through an experimental study (Figure 4). We ran a controlled, within-subject study (N=26 pairs) to
compare photo sharing under three conditions F2F, Skype (SKP), and Facebook Spaces (FBS), using
the social VR questionnaire (CWI-1.2 experiment). An exploratory factor analysis (EFA) was
conducted to better understand the important factors in our questionnaire. EFA is a statistical
technique within factor analysis commonly used for scale development involving categorical and
ordinal data, and serves to identify a set of latent constructs underlying a battery of measured
variables. Given our earlier correspondence analysis that showed a grouping of three factors, we
tested our model fit based on three factors corresponding to each set of questionnaire items.
Furthermore, since we assumed that factors would be related, we used oblique rotation (‘oblimin’)
along with standard principal axes factoring. Standardized loadings are shown in Table 2.

Figure 4: The process of developing and validating the social VR questionnaire
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To ensure the factors are meaningful and redundancies eliminated (removing collinearity effects),
we only took items with factor loadings of 0.3 and above, and with cross-loadings not less than 0.2
across factors. The cumulative explained variance of the three factors is 41%. The 24 questionnaire
items in bold were used for our evaluation of the three conditions (F2F, FBS, and SKP) along the
identified concepts: Quality of Interaction (QoI), Social Meaning (SM), and Presence/Immersion
(PI). We furthermore tested each set of items for internal reliability by measuring Cronbach’s alpha,
and our final item sets show high reliability coefficients: F2F QoI ( =0.8), F2F SM ( =0.89), F2F PI
( =0.74), FBS QoI ( =0.79), FBS SM ( =0.83), FBS PI ( =0.76), SKP QoI ( =0.78), SKP SM ( =0.79), SKP PI
( =0.75).

Table 2. Exploratory factor analysis (EFA) applied to our questionnaire items, where questions in bold indicate that these
items are kept for the final analysis to compare the reported subjective experience in F2F, SKP and FBS conditions

2.1.3 Using the social VR questionnaire
The social VR questionnaire (available in Annex I) can be easily adapted to other user activities by
simply replacing the activity in the questionnaire items with new intended activities. For example,
“My [activity] experience seemed as if it was a face-to-face activity.” We used the same
questionnaire in CWI-1.3 experiment, where we compared video watching experiences under three
conditions: (1) Facebook Spaces, (2) VRTogether Photo-Realistic social VR system, and (3) face-toface. We also used the questionnaire in the Pilot 1, where participants were watching the police
interrogation together in a virtual room and discussing about who committed the crime. The
questionnaire is designed for social experiences in VR, which is not limited to two-user experiences.
We have done some minor adjustments to some questionnaire items to make it usable for multiuser scenario in Pilot 2. For this, we have adapted it to include questions about the live factor and
about the multi-user setup.
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2.2 Objective Evaluation
Objective metrics, describing different aspects of user’s behaviour, such as head and body motion,
content navigation, and audio-visual interaction with other users, can be collected in an automatic
way while the user is using a social VR application. We refer to this data collection as “objective
behaviour metrics”, since an evaluation of high-level user experience and behaviour can be inferred
by the collected data. For example, it is known that some objective metrics, such as the frequency
of the speech and visual interaction between two or multiple users are directly correlated with the
level of social interaction that is happening in between them. Therefore, extracting the visual field
of view of each user and detecting how often users look at each other, or analysing the audio
channels of all users to detect the frequency of alternate talking, can give objective indication of
the level of social interaction. There are three main goals behind the measurement of the objective
evaluation metrics:
1. The objective data should be collected in an automatic way.
2. Develop algorithms to analyse high-level user experience and behaviour based on the
collected data, reducing manual annotations.
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3. Examine the correlation between objective data and subjective self-reported data to build
a comprehensive quality of experience model for social VR.
The objective data that we plan to collect during the project are listed in Table 3, along with the
presumed experience we intend to measure and the promising technology that can capture the
data.
Objective Metric

Measurement tool / method

Relation
to
Experience
(presumed)

Speech
activity
(e.g.,
conversational turnover, voice
tone

OBS Studio, video cameras and
microphones. PyAudioAnalysis (an opensource Python library for audio signal
analysis)
Viewing directions tracked from the HMD
sensors and measured by Unity scripts.
[Eye-tracking would provide higher
granularity, if available]
Same as above

QoI, PI, SM, engagement,
emotion

Unity scripts

PI, SM

Gaze patterns (e.g. joint
attention, averted gaze, eye
contact)
Gaze Movement Features (e.g.
gaze behaviours to events and
actions of other users
Movement Features (Head
Motion / rotation, navigation
patterns, time of interaction)

User

PI, SM

PI, SM

Table 3. The objective data to be collected, the presumed experience to be measured and the technology to capture the
data (QoI=Quality of Interaction, PI=Presence/Immersion, SM=Social Meaning)

So far, we have collected objective data in three experiments from year 1 and 2:
● CWI-1.2 (the photo-sharing experiment under three conditions: F2F, Skype (SKP) and
Facebook Spaces (FBS) ): (1) participants’ viewports, (2) speech duration and
conversational turn taking, and (3) valence and arousal in speech
● CWI-1.3 (the watching-movie-together experiment under three conditions: F2F,
VRTogether video-based social VR (SVR) and Facebook Spaces(FBS)): (1) participants’
viewports, (2) speech duration and conversational turn taking, (3) eye contact, and (4) user
body movements (body video recordings).
● CWI-2.2 (the navigation pattern experiment): (1) the position of the user (x,y,z
coordinates), and (2) the head rotation (three Euler angles).
In year 2, we have analysed the objective data from some of the initial experiments (CWI-1.2), but
we have not advanced as we initially expected. In year 3, this will be a focus of the project,
incorporating new experiments in order to derive adequate objective metrics that can model and
predict user experience.
It should be remarked that during the first year the consortium additionally considered
physiological signals (GSR, heart activity, or respiration patterns) as a potential mechanism to
objectively understand human reaction to Social VR experiences, as reported in D4.2 (Section 2).
Nevertheless, after a deep consideration by the consortium and the feedback from the second year
review, it has decided not to pursue that path, which was nevertheless not included in the project
proposal. The consortium prefers to focus on other types of signals, instead of physiological ones,
that we believe are going to provide better results for predicting QoE and are less privacy intrusive:
physical movement to calculate distance to the media, head and gaze movement to know the
viewport of the user, system-related parameters like latency or bandwidth, to know the targeted
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level of detail of the media, and quality of the media signal (e.g., point cloud) to understand the
experience of the user. Metrics about consumption of resources, like CPU, GPU and RAM, are also
measured, by using open-source tools developed in the consortium.
These activities will be continued during the third year with the intention of developing an engine
for dynamically optimizing the experience of users based on a number of signals such as movement,
gaze, systems parameters, and quality of the signal.

2.3 Objective Performance
Objective performance metrics enable to assess and profile the performance of the VR-Together
system and of its components, when using different variants or under different situations. They are
also essential to determine limits (e.g. scalability) and obtain thresholds / recommendations for
specific requirements (frame rates, delays, synchronization tolerance…).
The list of objective performance metrics considered in the project (what), together with the reason
behind measuring them (why), the system components in which the metrics need to be measured
(where) and the measurement method / tool (how), were detailed in D4.2. In the second year of
the project, the list of performance metrics remains mostly the same, and can be clustered into:
 Network metrics: Delay, jitter, bandwidth consumption, loss rate, clock synchronization
accuracy.
 Computational resources: (Upload / Download) Bandwidth, fps, reconstruction rate (for
TVMs), CPU usage, GPU usage, RAM usage.
 Application-level metrics: DASH quality index, audio quality metrics, video quality metrics
(like PSNR).
In year 1, these metrics were measured in the following pilot actions: CWI-1, CERTH-1, CERTH-2,
CERTH-3, CERTH-4, Pilot 1. In year 2, these metrics have been measured in the following pilot
actions: connected labs (Section 4), and CERTH-2.3, CERTH-2.6 and TNO-2.3 (the three experiments
described in Section 5).
Likewise, these metrics were just measured for the TVM pipeline in year 1, but in this second year
they can be measured for the different pipelines, including the new version of TVMs, Point Cloud
and web. Progress on their measurement has also been made by:
 Developing a script to measure the resources consumption of a process id from the task
manager. This includes: the downloaded frames / bytes, the CPU usage (%), CPU processing
time (ms), GPU usage (%) and number of engines, GPU processing time (ms), and RAM
usage (GB).
 Developing a script based on tc (Wireshark) to analyse the DASH traffic: round-trip delay
since sending HTTP GET requests and downloading the associated video segment, number
of downloaded bytes / frames, DASH quality index, etc.
 Refining the Unity scripts to be able to measure the fps, position in the scene (x, y, z),
rotation of the HMD (x, y, z) and a tuple (NTP time, playout position).
For the web pipeline, the WebRTC monitoring APIs1 have been used.
The objective metrics can be processed locally, taking advantage of DASH capabilities for requesting
media, and in a server or MCU, taking advantage of the higher processing power of the server and

1

https://w3c.github.io/webrtc-stats/

D.4.4 – Technical Report on Second Pilot

19

Version 4.1, 15/7/2020

allowing a centralized system. Up to date, the data are being processed and stored locally, for
efficiency and to ensure privacy, and the plan is to keep that strategy.

2.4 Added-Value
In year 1, a questionnaire to obtain feedback from professionals at trade shows and event, like IBC
and VRDays, was created and reported in D4.2. The focus of that questionnaire was not that much
on the experience, but on the market potential and opportunities.
During the second year of the project, a major activity has been the involvement of VR experts,
mostly from the industry, in a more structure manner. This as well required for a new type of
evaluation methodology and questionnaire with the ultimate goal of feeding and validating the
requirements and getting useful feedback from VR professionals. Therefore, instead of relying on
events to meet with VR experts, the approach was shifted in order to meet with experts at the
partners’ premises and run focus groups with them. That would also enable more relaxed and less
time constrained meetings.
The evaluation protocol and material are detailed next.

2.4.1 Protocol and Evaluation Material
The most valuable feedback is obtained when the VR experts are able to experience with project
demos, e.g. pilot 1 experience. However, due to the unavailability of all the partners to showcase
real demos of the pilot 1 experience, two versions of the Focus Groups were prepared:
a) Focus Groups with real demo
b) Focus Groups with demo video. For that purpose, a pilot 1 experience demo video was
produced: https://www.youtube.com/watch?v=Rel5qnj8rxA
Next, the steps followed for running the Focus Groups are introduced. Some of the steps slightly
differ depending on whether the real pilot 1 demo experience was showcased (a) or not, thus
making use of the demo video (b).
Step 0. Recruitment.
Each partner was in charge of recruiting experts / professionals from the VR industry to run the
Focus Groups. To comply with the data privacy regulation, a form was created to be used by the
interested professionals / stakeholders for providing their company / personal data (name,
company, contact information…). This form was included in Social Media posts or embedded into
the sent e-mails after having obtained a positive answer via an introduction e-mail. A template for
the introduction e-mail was also created.
Once getting the data from them, the next step was to schedule a slot to virtually / physically meet
with them.
Step 1 [6min]. Welcome and Short Description of the Project
Once the professionals arrived, they were welcomed, put them up in a comfortable room, and the
project was shortly described to them. Key messages of the introduction presentation included:
 Social VR as a new medium: The goal is to make VR social and not an isolated experience.
 Enable social interaction (and even collaboration) between remote users sharing a virtual
space.
 Photo-Realistic representation of users, using state-of-the-art technologies and off-theshelf equipment. Low-cost equipment. No avatars.
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Three linked pilots revolving around a police investigation theme. Reflect on the challenges
and the goals of each pilot.
User-centric activities and pilot actions to gather, refine and validate requirements. Thus,
their participation in this Focus Group.

Few supporting slides were created to provide visual inputs to this introduction of the project and
Focus Group.
In the cases in which the meeting was virtual, via conferencing, a similar process was followed, by
using the audio-visual communication channels and screen sharing features.
Step 1(b) [2min]. Consent Form
In the cases in which the pilot 1 demo was showcased, the professionals were asked to fill a Consent
Form, as in other experiments of the project involving users. The form mainly indicated that their
data was going to processed anonymously, that their participation was voluntary, that the data will
only be used for research purposes, the General Data Protection Regulation (GDPR) related issues,
etc. The consent form is available in Annex I.
Step 2(a) [10min + 8m]. Showcase Pilot 1 + Experience Questionnaire
Bring the participants to the lab, equip them with the HMD and audio headsets, and sit them to
their seats.
If two professionals came, they were jointly immersed in the pilot 1 experience. In that case, the
participants were also asked to fill in the Experience Questionnaire used in pilot 1 after the demo
(Annex I). If just one participant came, one VR-Together researcher was immersed with him/her in
the virtual space, such that social interaction can happen. In that case, the participant was not
asked to fill in the Experience Questionnaire, because: 1) the two participants did not know each
other before; and/or 2) one of the participants did already know the pilot 1 experience.
Step 2(b) [7min]. Show the Video about the Pilot 1 Experience
In case of virtual meeting with the professional(s), the link to the pilot 1 experience video was sent
beforehand to the professional(s).
The video about the project description and goals was also used as support material:
https://www.youtube.com/watch?v=dL5NX74roBg
Step 3 [12min]. Presentation of Pilot 2 Options.
Description of the approach for pilot 2, by using a generic and a technical presentation prepared
for such a purpose. In these presentations, special attention was given to the envisioned scenario
(live broadcast, and >=2 users) and to the pros and cons of each content format considered for pilot
2.
The video about the pilot 1 experience was also useful to show the professionals how the pilot 2
was going to look like, as the video includes short scenes of the first version of the pilot 2 prototype.
[OPTIONAL] Step 3(b) [6min]. Showcase Pilot 1 Alternative Content Formats.
Briefly show the professional(s) the stereo 360º (2min) + full 3D (2min) content formats of the pilot
1 experience, by using the player version prepared for the experiment Exp-Artanim-2.1 (see Section
5.1.1). This gives a better idea of how the different content formats are perceived.
Step 4 (20min): Final questionnaire & Interview. Discussion
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Interview about the alternatives considered in the project, its goals, potential business cases &
products. Discussion.
Two versions of a document/questionnaire to drive this interview were created: one for the VR
professionals who only watched the videos, and one for the VR professionals who experienced the
demo. Both versions had common questions mainly about the potential of Social VR, its
applicability, the relevance of the aspects considered in the project, and about the demo
experience itself for the participant who experience the pilot 1 demo. The complete questionnaire
is included in Annex I.
Google Form versions of the two versions of the questionnaire documents were also created. This
made the gathering of all results easier, but specially facilitated the task of gathering the feedback
in the virtual meetings with the VR professionals. In case of physical meetings, a paper version of
these documents was used to also drive the interview with the VR professionals, as these questions
were also intended to boost discussion and exchange of ideas.
Step 5 (5min): Ask the VR Professional to join the Advisory Board panel
Once the interview and discussion were completed, the VR professionals were asked about their
willingness and availability to become an Advisory Board member. For that, a new Consent Form
was created to formally get their confirmation, and their willingness to include specific information
about them in the project website (name, company, role, brief bio, picture, and quote regarding
the project / topic). The Consent Form can be found in Annex I.
Step 6 (1min): Thank the participants and say goodbye

2.5 Use of Informed Consent Forms & Ethics Aspects
In all pilot actions in which data from the users are collected, Informed Consent Forms are provided
to them before starting the experiment, explaining the data to be collected and the purposes. Data
are only collected if the users give their consent. A GDPR compliant Consent Form template has
been produced to ease this task to the partners conducting user experiments.
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3 ADVISORY BOARD
While the initial approach in the project consisted of having an Advisory Board panel made up of
international experts, it was shown to be very challenging to meet with them in a concrete day and
location. This fact, together with the convenience of validating and gathering new requirements
from the different pilot actions, made us to rethink the strategy, now trying to involve a larger
sample of local VR experts in order to show them the project results, discuss with them the project
plan, and have rich discussions with them about the potential impact and applicability of the project.
Accordingly, the protocol introduced in Section 2.4 was put in place to execute these actions, and
the partners approached VR industry professionals from their geographical environment or from
their networks to run Focus Groups with them. These professionals were asked in addition to
become members of the New Advisory Board panel of the project.

3.1 Focus Groups with Professionals: i2CAT-2.1
With the protocol, material and evaluation methodology described in Section 2.4, Focus Groups
with VR industry professionals from the geographical areas of the partners were conducted by the
consortium at the partners’ premises.
Next, the obtained results and the resulting Advisory Board panel are presented.

3.1.1 Results
Participants
Table 4 lists the companies that participated in the Focus Groups. It is also indicated the partners
that met with the companies, and the focus group modality (with demo or with demo video, and
with questionnaires or not).
Partner
ARTANIM

Companies
3

CERTH
CWI
Entropy
I2CAT

1
4
1
10 (+1 no
questionnaire)

MOTION
SPELL
TNO

-

VIACCESS
ORCA
VRTogether

5 (+5 no
questionnaire)

2

List of Companies
Dreamscape Immersive, Imverse SA, Microsoft
Switzerland
ORAMAVR
51VR, KLM, Unified Streaming, SenseGlove
HP (in collaboration with i2CAT)
HP, Virtual BodyWorks, Soft For You, Bloompix
Studios, Vivevirtual, UAB, Vysion, ATOS,
Betevé, TV3.
Company without questionnaire: UPC
-

Demo

Zuivere Speeltijd, The Virtual Dutch Men,
Defensie (Dutch army), KPN, TiledMedia.
Company without questionnaire: ING, Kinly,
NS Stations, Olsthoorn makelaars, VROWL
B<>Com, Arka Studio

5 (web
pipeline)

25 (+6)

Video
3

1
4
1
11

2 (web
pipeline)
22

3

Table 4. VR Professionals that participated in the Focus Groups
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The expertise of the companies and of their representatives was quite diverse under the VR
ecosystem, including: production of VR experiences (Dreamscape Immersive, Bloompix Studio);
broadcasters (CCMA, Beteve, KPN…), manufacturers (HP, SenseGlove), academia (UAB, UPC…), etc.

3.1.2.1. Aggregated Results from the Questionnaire.
This sub-section provides the aggregated results from the questionnaires.
Potential in the market
As can be seen in Figure 5, around 80% of the professionals believe that VR is going to have a big
impact in business, with almost 60% of them having a strong conviction about this. However, there
is no general agreement on when that big impact will happen. Almost 20% believe that VR is already
having such a big impact, but almost 60% think that a big impact will not happen until three years
from now or even more. Interestingly, all participants agreed (45.5% strongly, 54.5 % partially) that
VR-Together can have an impact in the VR sector. The professionals mostly highlighted the wide
applicability of the VR-Together in different business use cases, as detailed next and in the
individual reports.

Figure 5: Potential in the market
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Relevance of Social VR in specific use cases
As indicated in Table 5, the professionals believe Social VR can be very relevant in the different use
cases that were considered in the questionnaire, from which education, training and virtual
meetings can be highlighted. They also identified other relevant use cases, from which Industry 4.0,
tourism, and therapy were the most frequent.
The items of the questionnaire were generally formulated as assertions to be answered by using a
5-point Likert scale in terms of level of agreement, being the possible answers:
 1: Totally Disagree (TD)
 2: Partially Disagree (PD)
 3: Neutral (NN) (i.e. neither agree nor disagree)
 4: Partially Agree (PA)
 5: Totally Agree (TA)
Use Case
TD (1)
Healthcare
Education / Training
Media / Entertainment
2
Meetings
Exhibitions
Tele-Work / Remote Collaboration 1

PD (2) NN (3)
2
4
1
3
1
5
2
4
1
2

PA (4)
4
4
7
4
6
7

TA (5)
11
16
10
12
8
11

Mean
4.14
4.71
4.04
4.22
4
4.18

Table 5. Applicability of Social VR

Benefits of Social VR for “social viewing”
An important Social VR use case is “social viewing”; that is to enable multiple remote people to
concurrently watch the same content while socially interacting. The experts were asked about the
benefits that Social VR can provide in different “social viewing” scenarios and content genres. The
results are summarized in Table 6, where it is indicated that Education, Sports and Culture, in that
order, were the content genres that were seen as more interesting by the professionals. The rest
of content genres were not in general of high interest for the professionals (average value lower
than 3). The professionals were asked to suggest other interesting content genres, and 5 of them
indicated gaming like content as very interesting for being consumed together with other remote
people.
Content Genre
Sports
Music
News
Movies
TV Shows
TV Series
Culture
Animation
Education

TD (1)
3
6
6
6
7
5
2
6
1

PD (2)
3
2
2
3
4
5
4
3
1

NN (3)
2
6
9
5
1
3
3
4
1

PA (4)
4
3
1
4
5
4
8
4
4

TA (5)
9
1
1
2
2
1
1
2
13

Mean
3.62
2.5
2.42
2,65
2.26
2.5
3.1
2.63
4.35

Table 6. Benefits / Interests of genres for “social viewing” in Social VR

VR-Together Technological Aspects
The professionals were asked about the importance of the key technological aspects addressed in
the project. The results are summarized in Table 7, were it can be seen that most of the components
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were considered important or very important, with average results higher than 4. Only two
components got an average result slightly lower than 4: the live distribution of scene content (this
was not considered essential in some scenarios, as the scene content can be downloaded a priori)
and the user self-view feature (as it was not considered necessary for all scenarios).
The professionals were also asked to suggest other important technological aspects, and the most
frequent ones were: scalability (2 professionals), hardware performance (2 professionals), spatial
and temporal orchestration (2 professionals), and haptic feedback when interacting with the VR
environment (2 professionals).
TD
(1)

PD
(2)

NN
(3)

PA
(4)

TA
(5)

Mean

0

1

3

5

12

4,33

0

1

3

9

7

4,1

0

2

7

6

6

3,76

Spatial audio support

0

0

4

6

11

4,33

User self-view (i.e. users can see their bodies)

0

3

4

8

6

3,8

HMD removal

0

1

2

4

13

4,45

Interaction capabilities with the environment (e.g.
have the ability to move objects)

0

1

1

10

9

4,28

Technological Aspect
3D capture and reconstruction using multiple offthe-shelf cameras
Distribution of Point Clouds or TVMs (Time Varying
Meshes)
(Live) Distribution of Scene Contents (e.g. for sports
events)

Table 7. Importance of technological aspects for Social VR

In the same section of the questionnaire, the participants were asked about when they think the
quality of 3D video will be similar to the one of current-generation 2D video. 20% of them think
that it is already happening, around 50% think that it will happen in a two year period or less, and
the other half think this will happen in more than three years from now on, with a 3-4 year period
gathering up to 40% of the answers. The results are summarized in the upper graph in Figure 6.
The professionals were also asked about when they would expect 6DoF (Degrees of Freedom)
scenarios to be widely available to domestic VR experiences. 23.8% think that these experiences
are already available and 23.8% that these experiences will be available in one year. For the
professionals, the release of the Oculus Quest HMD is a great opportunity in that sense. The results
are summarized in the lower graph in Figure 6.
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Figure 6: Evolution of 3D Quality and 6DoF

VR-Together Aspects for High Immersion
The professionals were asked about the importance of a set of aspects to provide high immersion.
As can be seen in Table 8, all listed aspects were considered very important, with an average score
equal or higher than 4. The most important aspects for the professionals for the high visual quality
of both the shared VR scene and of the end-users’ reconstruction.
TD
(1)

Aspects
High Visual quality in the shared VR scene
High Audio quality in the shared VR scene
Having a 3D navigable scene
Having spatial audio
High Visual quality and resolution of the end-users’
reconstruction
Having volumetric (3D) bodies of the captured endusers

PD
(2)
2
1
2

NN
(3)
2
4
2
5

PA
(4)
5
6
8
5

TA
(5)
15
10
10
10

1

4

6

11

4,22

2

14

4

4,1

Mean
4,59
4
4,19
4,04

Table 8. Importance of aspects to provide high immersion
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The professionals also identified other important aspects, such as multi-sensory stimuli (2
professionals), consistency between real and virtual worlds (2 professionals), object-based audio
(1), and good illumination (1).
Limitations
The professionals were asked about current limitations of the VR-Together platform and scenarios.
9 professionals stated that the current performance and resolution of capturing cameras and HMDs
are key limitations, so improvements in hardware would be highly beneficial. 2 participants stated
that the performance of current networks in terms of bandwidth and latency can result in a
limitation for deploying VR-Together scenarios in open network environments. Two of the
professionals highlighted the potential of 5G to overcome these limitations and boost the adoption
of Social VR. Related to the previous two limitations, 3 professionals indicated that the currently
achieved resolution and frame rates for the end-users’ reconstructions are currently a limitation,
which can be also solved by overcoming the previous two ones. Two participants also reflected on
the need of recreating not only immersive experiences, but also multi-sensory experiences to
increase the degree of realism. Finally, one participant identified as a limitation dealing with ethics
in the envisioned scenarios, where the boundary between the real world and the VR world becomes
blurred.
Quality of Interaction and Togetherness
The professionals who experienced the demo were asked about the perceived quality of interaction.
The results were quite satisfactory, in line with the obtained ones in pilot 1 with end-users. The
missing aspects to accurately recreate a physical interaction scenario were, again in line with pilot
1 results: multi-sensory stimuli, HMD removal, lower latency, and availability of spatial audio.
All professionals stated to have felt together with the partner and to have satisfactorily identified
both the partner and himself/herself in the virtual environment. For all of them, the feeling of
togetherness and immersion were very satisfactory, and generally agreed that this feeling of
togetherness provides an added value to VR experiences and that this feature can have an impact
on the business sector.
Many of the professionals highlighted that the fact of having realistic representations of users,
instead of avatars, makes the difference compared to other existing Social VR solutions.
Missing Aspects
The professionals were asked about the missing aspects in the VR-Together experiences, and the
aspects were very aligned with the identified limitations indicated before. Accessibility was a
further identified missing aspect for Social VR to enable fully inclusive experiences.
Industrial Links
In general, the professionals think that VR-Together can have a big impact in the industry due to its
wide applicability and its potential to overcome geographical barriers to meet up. This can also help
to save time and costs. The interesting market use cases were detailed in the beginning of this
section, and the concrete suggestions for each professional can be found in the individual reports
in the next sub-section. From the gathered suggestions, the following ones can be highlighted:
focus on B2B sector first (e.g. big companies or exhibition-based locations) and to simplify the
infrastructure setup (e.g. use of less cameras or share the capturing setup between more than one
user). According to many of the professionals, big companies would already be interested to invest
in this technology for virtual meeting, training, health-care and Industry 4.0 use cases.
Final Remarks
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Apart from the feedback obtained in terms of applicability, technological aspects, limitations and
industrial links, the professionals suggested us to also research on aspects related to the adoption
of this new medium and to understand the users’ behaviour and needs in these Social VR scenarios.
Interestingly, three of the VR professionals stated that the VR-Together platform provides
comparable levels of quality than to other more expensive Social VR platforms, and also three of
them encouraged to start talking and showing results to industry players, with a higher focus on
the B2B sector.

3.1.2.2. Individual Reports
Apart from the answers to the prepared materials, an individual report for each meeting with the
companies was elaborated. This not only served to highlight the key answers to the questionnaires
and interview questions, but also their rationale and to capture further inputs and suggestions by
the experts that were not addressed / considered in these materials.

Virtual Bodyworks (https://virtualbodyworks.com/)
Virtual Bodyworks is a company making use of immersive VR for mainly medical and psychological
rehabilitation, combining knowledge on computer science engineering, neuroscience and
psychology.
The CEO of the company visited us and experienced with the VR-Together demo. He stated that
both the VR-Together platform and demo were amazing. For him, the audio communication was
very nice, but having embodiment in real-time is what makes the difference compared to stateof-the-art solutions, and it was a great feature for him. Self-representation was also surprising and
very nice to him, although he stated that it would be nice to have better resolution and lower delays.
The company offers embodiment solutions making use of avatars, so the real-time end-users’
capturing and reconstruction features, together with the social interaction capabilities, can
provide added-value to their service offering.
The company’s representative was interested in the price of the hardware, and its requirements,
and was very happy once informed about them.
The professional foresees a big impact of VR-Together in the e-health and neuro-science fields, as
therapy.
Unfortunately, the professional had to leave the meeting, as it started late, so no time for filling in
the questionnaires. However, he proposed a second meeting with the presence of the CTO
(technological aspects), the CSO (Mel Slater) and CMO to get more feedback from them and to
explore potential collaborations and synergies.

HP (http://www.hp.com/)
We got the visit of the Product Manager of HP EMEA, in the Immersive Computing department.
He filled in the Experience Questionnaire and the feedback was very positive. In particular, he was
very happy with the naturalness and quality of the communication, felt together with the partner
(although they did not know each other before the experience), stated to feel highly immersed and
having enjoyed the experience. He liked the pilot 1 content very much, being very realistic and
consistent with the real world for him.
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The interview was not driven by the prepared questionnaire. However, he stated that the idea was
very interesting, and that having proposed a combination of content formats in the experience
was a great idea, and provides very satisfactory results.
Interestingly, he stated that the end-users’ reconstruction quality is quite good, and comparable
to the one of the HP system, which makes use of a much more expensive and heavy equipment,
including more cameras.
The professional foresees a big impact of Social VR including real-time capturing of end users in
different use cases, and the efforts of HP in that direction is a proof of evidence.
A visit to HP lab in Sant Cugat (Spain) was scheduled. Due to the interest in the project and its
potential impact, the professional offered us the possibility to have access to HP’s SDK for endusers’ reconstruction, together with support from their team and a basic camera / projector setup
for conducting tests. Each camera / projector has around 60º FoV, and the SDK can support up to
4 (this could be extended for us!). These issues will be discussed with him and other technical
professionals from HP in the next visit to HP.

Soft For You (SFY, http://sfy.com)
We got the visit of the CEO and Founder of Soft for You (SFY), a SME specialized in the design and
market launch of different products based on future emerging technologies, including mobile
applications, AR and VR. He is also founder of other companies in the field of immersive
technologies, like Remote Eye.
The VR-Together experience was amazing for him. He even asked to take pictures of the experience
with us.
VR Content Experiences & Social VR Experiences
In his opinion, the end-users’ reconstruction is of a quite acceptable quality. Interestingly,
according to him, the performance and resolution of the VR-Together system is in the same order
than the one of the Microsoft system, which he recently tested. He also talked to us about an
exhibition recently organized by MediaPro in Barcelona. There, a XR eSports zone was exhibited,
but it was avatar-based, and suffers from inconsistences because of hidden coverage. That was one
of the reason why the VR-Together platform caused a great impression to him.
Technical Components
According to the professional, the existing limitations in capturing and processing equipment are
still a barrier to succeed in the market. Higher resolution and frame rates would be nice. He also
noticed minor AV sync offsets in one excerpt of the lady suspect scene.
As extra interesting requirements, he identified 6DoF and interaction with the VR environment as
the most important ones.
In his opinion, HMDs and AR glasses are not ready yet, so trying to make business based on this
technology in daily basis scenarios / tasks is still a risk. He thinks that this type of systems has more
potential in location-based setups, like exhibitions, to provide a Wow effect. However, these
systems are not comfortable enough yet, and still require significant infrastructure and powerful
resources to succeed in home-based scenarios.
Final Remarks
D.4.4 – Technical Report on Second Pilot

30

Version 4.1, 15/7/2020

The company had a development team focused on immersive technologies, including Point Cloud
capture, for a period of time. However, no revenue was obtained, and they started to focus more
on AR and mobile applications, which have a faster and more direct revenue. They do not have
abandoned the VR field, but according to his vision, revenue or potential in the market will happen
in 5 years or more.
The professional shown interest in experiencing the demos of the upcoming pilots, and becoming
Advisory Board Member.

Bloompix Studios (https://www.bloompixstudios.com/en-home)
We got the visit from the Founder & CEO of Bloompix Studios, a company based in Barcelona that
develops from videogames to apps or VR Experiences, and is also a certified training centre.
Bloompix has developed and published own property VR games distributed for top platforms like:
Oculus Go, Samsung Gear VR, Vive Focus, Pico Goblin and Google Cardboard. A game developed by
Bloompix, “The Devil Awaits VR”, was selected as one of the top 3 best VR games in 2018 by
Samsung. The professional is also CTO of other companies, like SoccerDream. He has worked as a
consultant for Unity Technologies, and has collaborated in a variety of projects for other companies,
developing VR experiences for: Samsung, Siemens and Mercedes-Benz.
Potential in The Market
The professional strongly believes that VR is going to have a big impact in business in a short term
period, in 1 year, but it has to be provided as a medium, not as a product. He also believes VRTogether can have a big impact in the VR sector.
VR Content Experiences & Social VR Experiences
The expert believes the highest impact can happen in education / training (e.g. in the
manufacturing and automotive sectors) and tele-work. He also foresees potential for meetings, but
believes that having the context and environment, as in real meetings, is very important in such
cases. In his opinion, the biggest impact can happen in the training sector.
The professional stated that the required equipment and infrastructure can become a barrier, and
efforts would be needed to simplify these requirements. Based on this, he foresees a bigger impact
in B2B than in B2C. In B2B, companies can e.g. use this system for training and for virtual meetings.
He put as an example Volkswagen, and big companies that require expensive and risky training
efforts. These companies typically have infrastructures, resources and technicians at their disposal,
so the setup should not be a problem. In B2C sector, he sees more difficulties, although domestic
VR experiences are gaining momentum. He also foresees inter-operability in terms of facilities and
equipment as a challenge to succeed in the deployment.
Technical Components
Regarding technological components, an efficient distribution of the volumetric data, spatial audio
support, HMD removal and self-view representation are the most relevant aspects according to the
expert. However, he stated that lower delays and better resolution would be necessary.
Interaction with the environment is also a very nice feature, but it needs haptic feedback and take
into account the physics.
Content Type
In order to achieve high immersion, the professional that the volumetric bodies and their high
resolution are the most important aspects. Spatial audio and good illumination are also key.
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Final Remarks
The professional also identified “size proportion” as a common issue to be further investigated in
VR. According to him, there is a range area, especially in height, where there are some insights that
visual elements need to be a bit bigger. He encouraged us, as researchers, to further explore this
open issue.
He liked very much the initial self-calibration stage, and proposed some suggestions on improving
it, by including some interaction, exploration and specific actions to be performed, as well as more
concrete questions to the users.
The professional shown interest in experiencing the demos of the upcoming pilots, and becoming
Advisory Board Member.

Vivevirtual (https://vivevirtual.es/)
We got the visit from the Manager of Vivevirtual, a company based in Barcelona that offers VR
experiences and is also a shop of VR products. The company is in contact with manufacturers and
developers to provide their products via its different facilities. The professional is not a
technological expert, but rather has a business development profile.
Potential in The Market
She strongly agreed that VR is already having a big impact in business, and that it will increase in
the near future, and that VR-Together can have a big impact in the VR sector. She affirmed that
many of the VR companies in their network have doubled their turnover in the last year, and she
thinks that in a 5 years period, around 75% companies will make use of VR in some form.
VR Content Experiences & Social VR Experiences
Regarding the VR-Together experience, she loved it and stated to provide a high feeling of
immersion and togetherness. She recommended to reduce the distance to the mirror.
The professional believes that Social VR can have especially a big impact in healthcare, education /
training, meetings and tele-work. She also identified porn as another relevant use case, and as a
realistic communication tools for migrants. She only saw potential and interest in movies as content
genre in the use case of watching apart together scenarios. She sees wide applicability, but not only
for location-based scenarios, but also for home-based scenarios.
Technical Components
Regarding technological components, 3D capture and reconstruction, an efficient distribution of
the volumetric data, spatial audio support, HMD removal and self-view representation are the most
relevant aspects according to her. In terms of interaction with the environment, having the
possibility of ‘touching’ is very relevant for her. In addition, having 6DoF in a comfortable and
accessible manner will be super important, and can boost the market adoption of these scenarios.
For instance, she highlighted that according to her experience, the use of treadmills is not very
adequate, as it adds fatigue. Her company is exploring other kind of wireless sensors that provide
6DoF.
Content Type
She only had experience with VRChat as another existing Social VR solution, but loved the
possibility of having real users instead of avatars, as in VRChat. According to her, this is a big
added-value. However, she also stated that in some use cases the users may prefer to use avatars,
such in Social Media and dating (at least at the beginning of building relationships).
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All listed aspects to achieve higher immersion are very important in her opinion.
She thinks that better resolution would be needed, but that companies would invest and adopt
the VR-Together solution already in the given state. She put as example big companies that require
frequent travels for their employees or to visit potential customers or stakeholders.
Final Remarks
Likewise, she suggested two aspects to contribute to the market adoption. First, she saw the
required infrastructure and equipment as a potential barrier. She was very interested in the
possibility of simplifying the capturing setup (e.g. by using less Kinect sensors and PCs) or of having
the possibility to share it for more than one user. Second, he asked about the possibility of
integrating the VR-Together technology in the VR environments developed in the game industry.
That would allow replacing the use of avatars for the gamers by their real human bodies. She also
thinks that standing is a more comfortable posture than sitting.
The professional shown interest in experiencing the demos of the upcoming pilots, and becoming
Advisory Board Member.

Universitat Autònoma de Barcelona (http://grupsderecerca.uab.cat/transmedia/)
We got the visit from three researchers from UAB. Two of them are professors and main
researchers, with wide experience in accessibility and in European projects. The third one is a PhD
candidate in immersive media, but with a wide experience in the videogames industry.
Two of them filled in the Experience Questionnaire, and the feedback was quite positive. Mainly,
the quality and naturalness of the communication was very satisfactory to them, they felt
immersed and together, and they were very happy with the consistent spatiality and degree of
realism.
Potential in The Market
The professionals from UAB believe that VR is going to have a big impact in business, especially in
2 years, and that VR-Together is going to have a big impact in the VR sector.
VR Content Experiences & Social VR Experiences
They foresee a major impact in education / training, and media & entertainment. They identified
many other potential use cases, such as: social gatherings, virtual shopping (clothing, tattoos…),
therapy, cooking and health (e.g. communication between patients and professionals, friends or
familiars…).
When being asked for content genres in watching apart together scenarios, they selected music
festivals and education as the more interesting ones.
Technical Components
They were not asked for the technological aspects, as they did not have a technological background.
However, they believe all listed aspects are very important to provide high immersion, paying
especial attention to spatial audio. They also remarked to have the feeling that the current
hardware and comfortability are still challenges to be overcome in order to succeed in the VR
professional sector.
Content Type
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They think that avatar-based solution are enough for entertainment, but that having the real
representation of users brings a significant added-value for a richer interaction and more effective
communication.
They were very satisfied with the quality of interaction and communication, but felt multi-sensory
stimuli, like haptic interaction and smells, as well as HMD removal, are missing to resemble a real
face-to-face experience. These features will bring the next generation of immersive Social VR.
Final Remarks
They also raised a key issue: VR experiences need to be accessible. Accordingly, research must be
devoted on how to make VR accessible, in all its variants.

Visyon360 (https://visyon360.com/)
We got the visit from Visyon, a company empowering innovation through emerging technologies
and creative solutions, such as VR, AR, Holograms and AI. The company has recently become part
of Mediapro, a leader group in the European audio-visual sector. In particular, an expert from the
Business Opportunities department of Visyon, with a technological profile, visited us and
participated in the focus group.
Potential in The Market
The professional believes that VR is already having a big impact in business, which will even increase
in the coming years, and that VR-Together is going to have a big impact in the VR sector.
VR Content Experiences & Social VR Experiences
In particular, the professional foresees a major impact in healthcare and education / training.
Other use cases with high potential are: eSports, tourism, culture, heritage and Industry 4.0 (hard
skills).
According to the expert, the VR-Together solution is great compared to other avatar-based
solutions, and can open the door to many fascinating scenarios and experiences. In his opinion,
leaving out avatars and introducing real users makes the difference and is impressive. However,
the required infrastructure and the achieved resolution can be seen as cons, but they can be
improved in the near future. Also, having 6DoF features and providing richer fusion / blending of
content formats (360º, 3D, CGI, AR) would add extra added value. The application of AI techniques
in these environments will also become relevant.
The participant currently see higher applicability in location-based environments (e.g. meeting
rooms), and would like to see capacity for a higher number of users.
When being asked for content genres, he selected sports, culture, animation and education as the
one that will have the most benefit from being watched together with other remote users.
Technical Components
Regarding the technological components, all listed topics were very important to him, but he
expressed that the self-view might not be indispensable in some scenarios. He also think that
interaction with the environment is key, but the context and social settings must be taken into
account.
HMD removal and 6DoF were two identified missing aspects by the expert.
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Content Type
The expert believes all listed aspects are very important to provide high immersion, although having
a 3D navigable scene might not be required in specific scenarios, depending on the content. Within
the context of immersion, lightfields were cited, but he still sees this topic a bit far away from the
market.
The expert stated that the experience was very immersive and provide a feeling of togetherness.
Final Remarks
The expert believes that the use of AI techniques and fusion of content formats will be key for next
generation immersive Social VR scenarios.
He also strongly believes the industry could benefit from the project, and indeed shown interest in
testing the upcoming demos and keeping a continuous interaction to discuss about the topic. He
encouraged us to seriously look into the industry opportunities.
He shown interest in becoming Advisory Board Member.

ATOS (https://atos.net/es/spain)
We got the visit of Francesco D'Andria, the Head of the Media Sector at the Spanish node of Atos
Research & Innovation. Atos is a global leader in digital transformation with over 110000
employees in 73 countries and annual revenue of around € 11 billion. Mr Francesco came with a
technical engineer from his department.
Potential in The Market
The participant strongly believes that VR is going to have a big impact in industry, but needs to be
cheaper and the hardware needs to be more powerful, have higher resolution and be more
comfortable. 2-3 years to achieve a really big impact is a reasonable period, and he thinks that 5G
can boost VR.
VR Content Experiences & Social VR Experiences
He foresees business opportunities in virtual training (ideally there with 6DoF features), Industry
4.0, healthcare (ideally with haptic feedback capabilities, e.g. connected ambulance, teleoperations…) and in tele-work / virtual meetings (e.g. big companies like Atos with offices
distributed around the globe, but it is important to have the environment there! “VR-Together can
become the next-generation Skype”, he stated).
He reflected on the potential of Extended Reality scenarios without the need of HMDs, but of
other more lightweight projectors.
In watching apart together scenarios, he states that the interaction and interest significantly
depends on the type of content, but he identified Culture and Education as the more interesting
content genres.

Technical Components
In his opinion, seeing others’ faces is very important, so HMD removal is a very important
requirement (facial expressions, sight…). He also stated that the quality of the end-users’
reconstruction and the spatial audio features need to improve. Linking with HMD removal, he
stated that a high-quality reconstruction of the faces would make the difference.
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With the mentioned improvements, the professional foresees a lot of potential of VR-Together in
the VR industry, in a variety of business use cases. He said that he was unable to see details of his
hands with the current self-representation technology. But, according to him, self-representation
is not as important as other’s representation. Participants would pay more attention to the quality
of others’ representation. He also believes that interaction capabilities with the environment and
having 6DoF are very relevant features for Social VR.
Content Type
The professional was positively impressed by the quality of the VR-Together demo. According to
him, the achieved quality is of a similar magnitude than in other more expensive solutions, like
Microsoft’s ones. According to him, the 3D environment was of really high quality, very immersive.
The participant expressed his feeling of being immersed in a very realistic environment, big enough.
He also stated that the interaction with the other partner was very natural.
He was also impressed by the adopted combination of content formats, as it brings many benefits
in terms of time, resources and costs. According to him, Point Clouds has the biggest potential, but
even avatars could work in specific scenarios.
However, he also stated that quality needs to improve to become commercial, but the potential
is very high.
The professional shown interest in experiencing the demos of the upcoming pilots, and becoming
Advisory Board Member.

Betevé (https://beteve.cat/)
We got the visit of Jordi Colom, the Tech Leader at Beteve, a regional broadcaster in Barcelona.
Potential in The Market
He partially agrees that VR is going to have a big impact in industry, and thinks that it will happen
in 5 years or more. According to him, technology is quite ready, but the hardware needs to
improve, and the contents and storytelling need to be adapted to this new medium. He thinks that
the necessity of wearing a HMD is a barrier for the mass market adoption of VR. He also thinks that
VR-Together is promising, and he enjoyed a lot the experience, but it is still in an early stage to go
to market. According to him, main challenges are: the networks (5G can boost VR!), the hardware
and the production of contents.
VR Content Experiences & Social VR Experiences
He did not experience with any Social VR platform before. He enjoyed the VR-Together experience
and was very innovative and impressive to him.
He identified healthcare, education / training and media & entertainment as the most relevant
Social VR use cases. Regarding “watching apart together” scenarios, he thinks that sports, culture
and education are the most interesting content genres (all rated with a 4 score), but content
production needs to be adapted to this new medium.
Technical Components
He selected “having spatial audio support” as the most important features for Social VR, but he
states that have real-time end-users’ representations, and especially self-representation, is a WoW
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effect, and that HMD removal will be very beneficial. In general, he believes all identified
technological components as being very relevant to provide immersion in Social VR.
Content Type
He liked very much the contents and the shared environment. He felt identified with this selfrepresentation (“he was me!”) and for him the interaction quality was very high, but compared to
a face-to-face scenario the distance was big, and the visual quality needs to be better.
Final Remarks
As future steps, he suggests to improve the visual quality of the end-users’ representation, the
HMD removal, and for a longer term, the possibility of eliminating the need for HMD would be
great!

TV3 / CCMA (https://www.ccma.cat/tv3/)
We got the visit of Amadeu Gassó, the Head of Engineering at TV3 / CCMA, the regional broadcaster
in Catalonia. CCMA is involved in European projects addressing interactive technologies, VR and
user experience. He came with a colleague from the same CCMA department.
Potential in The Market
The expert strongly believes that VR is going to have a big impact in the industry (in a 3-4 years
period) and that VR-Together is going to have a big impact in the VR sector, as it has a wide
applicability. Finding the niche market would be however a challenge, and achieve better
performance in terms of quality (especially for the users' reconstruction) and delays would be
needed to ensure this success.
VR Content Experiences & Social VR Experiences
Healthcare and education / training were the identified use cases for which more relevance can
have the VR-Together contributions, according to the experts from CCMA.
As broadcasters, they did not see interest for applying the VR-Together technology for movies and
TV shows, but was very interesting (highest score) for sports.
Technical Components
Regarding the selected aspects, they believe that having audio support, self-view representation
and HMD removal features are important, while all the others are very important (highest score).
Regarding missing aspects, they expressed that the hardware in general needs to improve to
provide better experiences (e.g. better resolution camera, HMDs, controllers, which need to be
more lightweight and comfortable too…).
Content Type
They also believe that having 3D content with the same quality as traditional media and having full
6DoF scenarios will not be achieved until 5 years from now.
Regarding the identified aspects to provide a high immersion, they rate having a 3D navigable scene
and volumetric users as important, while all the others as very important.
The expert expressed to having enjoyed the VR-Together experience, it was immersive, engaging
and he felt together with his partner (despite the big distance between them). He also felt identified
with his self-representation, but he stated that better quality for the face and body reconstruction
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and lower latency would be needed to provide an experience that can be compared to a face-toface scenario.

51VR (http://www.51hitech.com)
Potential in The Market
The expert strongly agrees that VR is going to have a big impact in business and partially agrees
that the VR-Together project can have an impact in the VR sector. The 51VR company is using VR
technology to simulate real-life scenarios, e.g., pedestrians’ reactions to automatous cars. They
provide products, services and predictions based on the simulations. They believe VR has positive
societal impact, in terms of advancing the automatous driving, traffic prediction and control, smart
city/mobility etc.
The expert believes that VR is having big impact now. It is already a mature technology in real-state
or interior design applications in China. They predicted that, in 1-2 years, automatous car testing in
high fidelity VR streets (1:1 to the real-world streets) would happen. For more mature applications
for smart city/mobility being available to the market, it needs a few more years.
In terms of the relevance of Social VR use cases, the expert rated Healthcare (4), Education/Training
(5) and exhibitions (4) as highly relevant use cases; rated Media & Entertainment (3),
Telework/Remote Collaboration (3) as moderately relevant use cases; and rated Meetings (2) as
less relevant. The expert pointed out that VR technology can bring a new form of education to
people, not only for people who have less access to educational resources, but also for people who
want to have access to more educational materials. He thought it is unnecessary to have workrelated meetings in VR. It would be impressive to see other persons’ 3D realistic representations,
but it is too effortful for meeting purpose. Skype is enough for the meeting use case.
In conclusion, in his point of view, the biggest challenges for the VR-Together project include
technical limitations, cost, and accuracy. The 80-20 rule: the last 20% is always the biggest
challenge.
VR Content Experiences & Social VR Experiences
According to the expert, the main advantage of the VR-Together project is providing more realistic
and better user experiences. However, he found that the scenarios/use cases are less attractive
(the interrogation and the news watching). A lot of efforts need to be spent on improving user
experiences in general, not spent all efforts on a specific technological aspect. For example, the
project may spend years on HMD removal, but in the end, users may prefer avatar representation
with tactic or olfactory experiences in VR.
The expert rated Sports (5), Education (5), Movies (4), TV shows (4), and Culture (4) as Social VR
content that can provide a lot of benefits to users. For Music, he thought social events like band
concerts are more relevant content for Social VR than other forms of music like symphony or opera.
Technical Components
The expert rated all the technical topics as important (4) or very important (5), except (Live)
Distribution of Scene Contents (3) and Spatial Audio Support (3). He thought the real-time
interaction between users is important. The real-time content is not a must-have at the moment.
He said, spatial audio support is tasks-related. If the user needs to have spatial audio to feel
immersed or to accomplish a task, then it is necessary. Otherwise, it is not a must-have aspect that
requires much research effort. The expert added bandwidth and hardware as two important topics
as well. He thought they are the premise of more realistic and immersive experiences.
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Content Type
The expert liked the full 3D solution, and the real-time 3D user representation/holographical 3D
representation for their sector. They are also working on 3D reconstruction at the moment,
focusing on city high fidelity reconstruction based on the data collected by lidar scan. In terms of
the quality of 3D Video, he pointed out that the technology for 3D video is ready, but making the
price market acceptable, soft-/hardware user acceptable, needs 5-10 years. He said many games
have already realized 6DoF. In their 51VR lab, they provide a relatively large space (2*15m) for
users to walk around, to “pass a pedestrian zebra” in VR.
The expert rated High visual quality in the shared VR scene (5), Having a 3D navigable scene (5),
and Having volumetric (3D) bodies of the captured end-users as very important aspects for users
to achieve high immersion. He also pointed out some ethical issues. When the boundary between
the real world and the VR world becomes blurred, how do we deal with the ethics? To fully simulate
the real world or even go beyond the real world. He suggested we implement more sensory
experiences in VR. Ultimately, it is about user experience.

KLM AR/VR Team (https://klm.com)
Potential in The Market
The expert strongly agrees that VR is going to have a big impact in business and strongly agrees
that the VR-Together project can have an impact in the VR sector. He thought the impact in business
would come in more than 2 years, because it remains a challenge to make full 3D, 6DoF happen in
1-2 years. The expert suggested 3D realistic representation, 6DoF and more sensory experiences,
4D or even 5D experiences are definitely research directions to go.
In terms of the relevance of Social VR use cases, the expert rated all the listed use cases as 5 (very
relevant). For Media and Entertainment, he mentioned that there are already commercially
available social VR applications. His family is using VR on one Netflix platform to watch movies
“together” with their friends remotely. For Meetings, KLM is working on this use case to save the
travelling cost, and to enhance the remote training/collaboration within the company.
In conclusion, in his point of view, the biggest challenge for the VR-Together project is Adoption.
It is not about technical things. It is about the benefits for the person. Currently, the technology,
the infrastructure, and the lack of organizational and societal supports all limit the user experiences.
VR Content Experiences & Social VR Experiences
According to the expert, the main advantage of the VR-Together project is the holographical
telepresence. He said, “Talking to an avatar makes to feel you take to an empty shell. The sense of
social presence, sense of reality reduces.” He thought the main limitation of the project is the
selection of use cases.
The expert rated Sports (5), Education (5), and Culture (4) as Social VR content that can provide a
lot of benefits to users. He said, “I think it (education in VR) is going to be massive, completely
changes the world. With VR, you can provide more educational resources and scale up to the other
side of the world. You can control your education much better. The control part is important.” He
mentioned that KLM is working on an on-boarding experience project for a client. The goal is to
have passengers experience different cultures in VR as part of the in-flight experiences. For News
(3), Movies (3), TV Shows(3) and TV Series(3), he thought they are all passive experience. The expert
is not sure if they are good use cases for Social VR, because users typically do not interact much
while watching TV or movie. For Animation, the expert thought it can be good opportunities for
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games, or for a specific user group. In this case, VR can allow users to experience beyond the real
physical world. For Music (1), the expert pointed out it might not be a good use case for musicians.
The haptic feedback is still very limited in VR. Going to concert, doing DJ, can probably be a Social
VR use case.
Technical Components
The expert rated all the technical topics as important (4) or very important (5), except (Live)
Distribution of Scene Contents (3) and 3D capture and reconstruction using cameras (2). Regarding
the Distribution of PCs and TVMs, the expert pointed out this is an issue for KLM at the moment.
Their team use multiple cameras to scan environments and planes, but they cannot access the
photos in their data directly. They have to go through a cloud environment. So, in theory, they’ve
got a security leak. The data are outside the company, which is a big issue for them. As the result,
he suggested, “if you look at the distribution of your PCs and TVMs, making sure you have
completely control over them.”
He mentioned previously that the biggest challenge for VR is the “adoption”. “Ease of use” is the
key for adoption. The usage has to be non-obtrusive. You have to feel nothing is on your head.
Nobody is going to set up four cameras at the four corners of the room, at least, not now. Maybe,
in a few years, people would start accepting to install cameras in their rooms, but right now, the
limitations of the hardware make it difficult to calibrate and to reconstruct the scenes.
Apart from the non-obtrusiveness, it has to be stable. What the expert focuses on is a solid, fluid
process. There has to be no glitches. There has to be smooth from the beginning to the end. It is
not necessary to focus on one specific aspect, and do it very well. It is better to keep the whole
system, the experience right. He suggested, “If you want to commercialize the product, you need
to have everything not perfect, but smooth and correct, making sure it delivers benefits to users.”
Content Type
The expert liked the full 3D environment, and 6DoF. He selected TVMs or other more stable
holographical representation as the user representation. He mentioned that the 4K 3D video is
already available. The limitation is the headset, the field of view and resolution of the headset. He
also pointed out that 6DoF is also ready, especially for games with artificially built and navigable
scenes. For 6DoF to be widely available on market, the expert predicted to be 1 year.
The expert rated all the listed aspects as very important (5) for users to achieve high immersion. He
also pointed out stability (5) should be considered as well. He thought “jittering legs” that sort of
thing really breaks the immersion. People, in general, accept the virtual environment to be not as
sharp or as real as the physical world. KLM VR/AR team have experimented with some not-sorealistic-looking VR environment, but every user is like, “Oh, my god, they are talking to me. They
are trying to touch me.” It does not need to be perfectly realistic, but to be smooth experiences.
He suggested, to create smooth experiences, we cannot just focus on one thing, we have to do all
of them.
Final Remarks
Understand users. What's the most important relationship that the VR-Together should be thinking
about now is looking towards media relationships media, because we need to understand what the
people want. The expert thought what the team do at the moment within the KLM is not right.
They have too many technical people talking about technical things and creating technical solutions
for technical people. The expert suggested us talking to somebody that may have nothing to do
with virtual reality at all in the media industry, but who know what people want, like people who
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know how to make films; people who know how to appeal to the interest of audiences by
storytelling. In theory, virtual reality is nothing other than media. It's just a new form of media.
Create an integrated service. The expert wouldn't support the VR game sector. He suggested us go
more into TV, films or dating sites. The expert advised us to create a product which is not only about
the product, but also the service and the experience behind it. We need to make sure that it's
industrializable. Make sure it is a whole package for people to accept, to conform that they need
to wear the headset, for example.
Boundary, ethics and use cases. The expert posed a question, “If we, as human beings, are clever
enough to create Virtual Worlds, who is going to say that we haven't already done it. It is a really
old philosophy. We have to think about this. When you're creating things, you have to try to open
your mind to what other people are thinking and consider the ethics.” The expert pointed out, with
virtual reality, everybody gets an opinion but nobody has an idea yet how it's going to end. He put
iPhone as an example, “it was not so popular in the first year. You just need one killer application,
then it blooms.” For VR, we need this kind of “killer application” as well. The expert mentioned
watching 3D movie in VR as a good use case. He believed it is going to make the movie related
discussion a lot more interesting. The discussion would not be “Did you see that?”, but “Did you
see me in the movie?”

Unified Streaming (https://www.unified-streaming.com)
Potential in The Market
The expert partially agrees that VR is going to have a big impact in business and partially agrees
that the VR-Together project can have an impact in the VR sector. The expert pointed out that, VR
is having big impact now, but it has quite some obstacles to move further, to reach scalability and
commercialization.
The expert did not think VR is an emerging technology. He did not fully understand the social
aspects of VR. VR is a new form, not like TV. TV is clearly social, because people talk about it quite
often. VR, at the moment, is more about using the technology for some concrete purposes for a
small number of users or researchers. Many requirements are very much use case related, not
general enough for the big audience.
In terms of the relevance of Social VR use cases, the expert rated all the listed use cases as 5 (very
relevant). In his point of view, the biggest challenge for the VR-Together project is to find
attractive and scalable use cases, “Have some killer use cases like the killer application for Microsoft
and the ones for Apple”.
VR Content Experiences & Social VR Experiences
According to the expert, he thought the VR-Together project is not comparable to the existing
commercial services like Facebook Spaces. The focus is different. The main advantage of the VRTogether project is the professional content and realistic human representation. He also
questioned the use cases. He did not think the police interrogation and the news use cases as Social
VR experiences.
The expert only rated Sports (5), Education (5), and Movie (5) as Social VR content that can provide
a lot of benefits to users. He did not see much relevance in other types of content on the list. For
example, he thought News watching is a private experience, “It is annoying to have others talking
to me while I am listening to the News.”

D.4.4 – Technical Report on Second Pilot

41

Version 4.1, 15/7/2020

Technical Components
The expert rated all the technical topics as important (4) or very important (5), except Spatial audio
support (3), 3D capture and reconstruction using cameras (3), Temporal orchestration (2) and User
self-view (2). Regarding the Spatial audio support, he suggested the technology is already ready.
Not much research effort is need about it. For the 3D capture and reconstruction using cameras,
he found it difficult to do the reconstruction with current market-available cameras. This can
happen with new hardware, new cameras. For Temporal orchestration, he also did not see much
research effort is required. The synchronization of the captured audio and video is straightforward
as long as the time information is kept. For User self-view, he thought it depends on the use cases,
not necessary for all applications. Apart from the listed topics, the expert added “compression,
rendering, and reflection/light field capture” as important topics to be considered in the project.
Content Type
The expert selected the full 3D environment as the most adequate VR scene, and selected PCs and
TVMs as the user representation. However, he is not fully convinced about the feasibility of these
solutions. He didn’t think that the 3D video quality is worse than 2D video. In his opinion, 6DoF will
be widely available for consumer media experiences in about 2 years.
The expert rated all the listed aspects as important (4) or very important (5) for users to achieve
high immersion. He pointed out that the requirement for High visual/audio quality depends on how
users perceive the quality. It is important to not break the immersion, but it is not necessary to be
extremely high quality. He thought spatial audio adds value to the overall immersive experiences.
Usually minor quality differences in audio do not influence the experience, but if right spatial effects
are added, people can suddenly experience the difference: one is more real and more immersive.
However, spatial audio is nothing new. It has been in games about 20 years. The expert pointed
out that currently capturing hardware is very limited. It remains difficult to capture and reconstruct
VR environments and human representations.
Final Remarks
Integration to support smooth experience
Why VR is always a bit tricky because there are so many aspects and all have to work together to
create the user experience: the audio, the visual, the headset with cables. So, the expert thought
what is missing is the integration of all these things. He thought the technologies are pretty good
now. The visual and audio quality is high. It is possible to navigate through the VR scene. However,
the integration of everything has been a problem for the last 20-30 years. It is not really about the
sharpness of the content. It's not really because the content is not good. It's just the integration.

SenseGlove (https://www.senseglove.com)
Potential in The Market
The expert strongly agrees that VR is going to have a big impact in business and partially agrees
that the VR-Together project can have an impact in the VR sector. The expert pointed out that,
enabling VR to get the fully possible impact and to be industrializable, still needs 2-3 years.
In terms of the relevance of Social VR use cases, the expert rated healthcare, meetings and remote
collaboration as 5 (very relevant), rated education/training and exhibitions as 4, and media &
entertainment as 3. In his point of view, healthcare, especially psychology healthcare is a use case
that can have big societal impact. Education and exhibitions are very relevant, but the content and
the experiences must be executed properly.
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According to the expert, the biggest challenge for the VR-Together project is the realistic rendering
of the users and the VR environment, the physics in VR, the interactions between users, the
interaction between users and the environment.
VR Content Experiences & Social VR Experiences
The expert pointed out that, if the 3D capturing the rendering of the realistic human
representations are properly executed, this will be an impactful contribution to VR. Otherwise, he
prefers a well-animated avatar representation that embodies your movements. The limitations in
terms of VR content experiences is the quality of the human representation and the latency of the
movements.
The expert rated Sports (4) and Education (5) as Social VR content that can provide a lot of benefits
to users. He did not see much relevance in other types of content on the list. He thought News,
sports, TV watching is a private experience. For cultural content, he pointed out two scenarios:
meeting historical persons (e.g., van Gogh) in VR or meeting your friends in a virtual museum. The
expert suggested “design evaluation” as an extra use case for social VR, which is widely used in
yacht design and car design. Designers can discuss the 3D design prototype in VR with clients and
peer designers.
Technical Components
The expert rated all the technical topics as important (4) or very important (5), except Spatial audio
support (3), (live) distribution of scene content (3), scalability and resilience of the end-to-end chain
(2) and User self-view (3). Regarding the Spatial audio support, the expert mentioned that he is not
an expert in audio quality, but he did not think spatial audio would largely improve the immersive
experiences. For the live distribution of the scene content, he didn’t think it is a must-have thing
for the overall social VR experiences. Spatial and temporal orchestration are both very important,
which ensures the smooth interaction between users. For interaction capabilities with the
environment, the expert thought this aspect is content dependent. In an activity like design
evaluation, user may need to move the prototype, so it is important. For passive activities, like
watching news, it is not necessary.
Content Type
The expert selected the full 3D environment as the most adequate VR scene, and selected high
realism avatar animation as the most adequate user representation now. He thought the photo
realistic representation needs to have a more decent capturing quality and the latency must be
minimized. He thought the development of the 3D capturing and reconstruction technology would
improve the 3D video experiences in about 2 years. In his opinion, 6DoF is already widely available
for consumer media experiences now. He has seen and been using very good commercial systems,
like Vive Focus.
The expert rated all the listed aspects as important (4) or very important (5) for users to achieve
high immersion, expect high audio quality in the share VR scene (2) and having spatial audio (2). He
didn’t think audio quality adds much to the overall immersive experiences. As his own expertise,
he added haptics feedback as a very important factor to achieve high immersion. The expert
suggested us to focus on solving the capturing, reconstruction and latency issues.
Final Remarks
The expert thought that the next generation of social VR will eventually move from the avatar to
3D capturing. He predicted that education and work collaboration are two most relevant use cases.
The expert suggested that our project needs to choose between two directions. One Direction is:
We go really high realism, then we can use the high-quality cameras, high quality service streaming,
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headsets with a really high resolution, but then we need to make concessions on the portability of
it. So, it is unscalable. Or, we really go for a scalable solution, so we do things with the Kinect
cameras and the Oculus system. Homeowners can afford our system.
The expert also mentioned that there are ethics discussions about the virtual environment. If
someone actually offends you in VR. What do we do about it? Is that a social issue? We need to
think of rules like what we have in real world for the VR world.

Dreamscape Immersive (http://www.dreamscapeimmersive.com)
Potential in The Market
The expert strongly agrees that VR is going to have a big impact in business and equally so that the
VR-Together project can have an impact in the VR sector. They believe so because VR works best
as a social experience and being able to recreate a photorealistic environment including the
participant is a must for VR to become mainstream. The expert believes this impact will take place
within 3-4 years.
Regarding relevant use cases, the expert rated all proposed cases (healthcare, education/training,
media & entertainment, meetings, exhibitions, tele-work/remote collaboration) as very relevant.
They did note however that while all cases were given the same score, this did not imply all use
cases were equally important. Further suggested use-cases were “industrial design/architecture”,
“marketing” and “retail”.
Where the biggest challenge for the VR-Together project is concerned, the expert noted that
successfully applying the know-how gathered during the research project to specific uses will
require to find the right partners in the field of the industry (to create a product that has a chance
of being adopted and has a market potential).
VR Content Experiences & Social VR Experiences
According to the expert, while positive about the potential impact as listed above, the main
downside of the VR-Together solution lies in the complexity of the hardware setup needed to
capture a photo-realistic avatar.
As for VR applications, the expert found both sports and education were likely to benefit the most
(5) from being able to be experienced together, with culture being rated (4). They suggested
“collaborative work”, “retail” and “brand activation/tourism” as other potential use cases which
could benefit significantly from being experienced together.
Technical Components
The expert rated all technical topics as very important (5) or important (4) except for Interaction
capabilities with the environment (3) and (Live) Distribution of Scene Contents (2).
Content Type
The expert stated that they expected 6DoF scenarios to be widely available for consumer media
experiences in 3-4 years.
With respect to high immersion, they listed Having a 3D navigable scene, Having spatial audio, and
High Visual quality and resolution of the end-users’ reconstruction as very important (5). High visual
quality of the shared VR scene, and High Audio quality in the shared VR scene were marked
important (4).

D.4.4 – Technical Report on Second Pilot

44

Version 4.1, 15/7/2020

The expert particularly noted that attempting to mimic a face-to-face experience or even replace
it would be impossible in his view. The expert stated that the focus was best put on improving upon
existing remote interaction (phone/video calls), and that VR (and VR-Together’s efforts) would be
excellent in that regard.

Imverse SA (http://www.imverse.ch)
Potential in The Market
The expert strongly agrees that VR is going to have a big impact in business and partially agrees
that the VR-Together project can have an impact in the VR sector. The expert believes this impact
will take place within 2 years.
Regarding relevant use cases, the expert rated all proposed cases education/training, meetings,
and telework/collaboration as very relevant (5), and healthcare, media & entertainment, and
exhibitions as relevant (4).
Where the biggest challenge for the VR-Together project is concerned, the expert noted that
balancing quality vs portability would be the biggest challenge on the way to success.
VR Content Experiences & Social VR Experiences
According to the expert, the main point in favor of VR-Together’s solution is the key ability of seeing
yourself.
As for VR applications, the expert found education was likely to get a lot of benefit (5) from being
able to be experienced together, with sports, music, movies, tv shows, tv series, culture and
animation being rated (4).
Technical Components
The expert rated Interaction capabilities with the environment as very important (5). 3D capture
and reconstruction using multiple off-the-shelf cameras, spatial audio support, self-view and hmd
removal were regarded to be important (4).
Content Type
The expert stated that they expected 3D video to be of a similar quality to current 2D video in 3-4
years, and that 6DoF scenarios would be widely available for consumer media experiences in 2
years.
With respect to high immersion, they listed Having a 3D navigable scene, Having spatial audio, and
High Visual quality and resolution of the end-users’ reconstruction as important (4). The other
proposed options were regarded as less important.
The expert noted that the main limitation they currently saw was the resolution and sensor quality
of current capture devices.

Virtual Switzerland (http://www.virtualswitzerland.org) & Microsoft
Potential in The Market
The expert strongly agrees that VR is going to have a big impact in business and strongly agrees
that the VR-Together project can have an impact in the VR sector. The expert believes this impact
will take place in 5 years or more. The expert believes the project could make a credible foray in
business applications for VR.
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Regarding relevant use cases, the expert rated the education/training use case as very relevant (5),
all others besides healthcare as relevant (4).
The expert noted that creating a frictionless experience, being able to jump in and out easily, would
be the biggest challenge VR-Together would face.
VR Content Experiences & Social VR Experiences
According to the expert, the main point in favor of VR-Together’s solution is the ability to provide
a photo realistic experience, reproducing the user’s emotion.
As for VR applications, the expert found movies, TV shows, TV series and education were likely to
get a lot of benefit (5) from being able to be experienced together, with sports, culture and
animation being rated (4). In addition to the given use-cases, the expert listed gaming as another
potential use-case.
Technical Components
The expert rated Spatial audio support and HMD removal as very important (5). All other VRTogether topics were rated to be important (4).
Content Type
The expert stated that they expected 3D video to be of a similar quality to current 2D video in 3-4
years, and that 6DoF scenarios would be widely available for consumer media experiences in 2
years.
With respect to high immersion, they rated High Visual and High Audio quality in the shared VR
scene as well as Having spatial audio as being very important (5). All other aspects were rated to
be important (4).
The expert noted that the main limitation they currently saw were the complexity of the
environment capturing setup, the associated performance, and the overall user-experience with
HMDs. The main criticism and aspect to address within VR-Together (but even in VR in general) are
centered around ease of use, as well as the speed to set setup and get started.

OramaVR (http://oramavr.com/)
Mr. George Papagiannakis, stated as the expert for the rest of the document, is the CEO of
OramaVR company, which is specialized to the application of the VR technologies in the medical
field.
The expert was briefed about the building blocks of the VR-Together platform as well as the overall
goals of the project. Additionally, the expert had the chance to experience the Pilot 1 TVM-based
demo in the user lab of Thessaloniki. The overall comment was that the presented technology is
very interesting and in a mature level. The user believes that Social VR is a key enabler technology
that will have a significant impact in business in the next 3-4 years. Regarding the strengths of the
presented technology, the user noted the efficient full-body reconstruction and the high visual
quality of the shared VR scene of Pilot 1. On the other hand, the absence of visible facial expressions
and the low quality of reconstructing the user’s fingers were noted as drawbacks.
Finally, the user expressed his belief that the VR-Together Social VR platform could be viable as a
product in the fields of sports, news, and education.
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TiledMedia (www.tiledmedia.com)
TiledMedia is a spin-off from TNO, with both feet in the distribution and display of 360VR.
We spoke with the CCO Rob Koenen, who is familiar with the early work of TNO on Social VR. Rob
was also President of the VR industry Forum.
He was quite impressed with the advances of the platform and very pleased with the integration
of scripted content, guiding the users through an immersive experience.
He is quite optimistic about the market outlook and believes VR will pick-up in the coming years
with the advances of HMD’s and AR/VR processing.
On the specific VR-Together use case, he believes better quality image representation of the
participants is needed to climb out of the uncanny value before users and providers will replace
avatars with real-life representation.

The Virtual Dutch Men (thevirtualdutchmen.com)
The Virtual Dutch Men (TVDM) is a Dutch SME active in the scanning, production and processing of
3D images.
We demonstrated the system and spoke with Bart Kok, creative director, and Michel van Eersel,
business developer.
TVDM has shown a demo on ISE 2019 (https://www.iseurope.org/) for the company Kinly, showing
real-time VR conferencing. This demo however used animated avatars to represent the participants.
It was also possible to show presentations, live video feeds and 3D objects in the virtual
environment. Today TVDM has worked together with artist Michel van der AA on his latest work of
mixed reality music theatre performance ‘Eight’ (https://eightvr.net/).
After initial discussion on both parties work and showing the demonstration, Bart was impressed
by the quality of interaction possible in the system: communication between the participants was
easy and natural, latency was limited and everyone was easy to understand.
Still according to Bart, the benefit of photorealistic real-time representation compared to animated
avatars does not yet offset the drawbacks of a more complicated setup with depth cameras and
tethered HMD’s. Bart is also eager to see the point cloud based pipeline.

Zuivere Speeltijd / NS Stations
Leon op de Beek of Zuivere Speeltijd is helping NS Stations, part of the Dutch National Railroads
(NS) responsible for the train stations for their telecommunication and user experience needs.
From NS Stations we had 9 people, from strategy and innovation, train station management,
customer experience management and ICT.
NS Stations sees multiple use cases, ranging from training for personal to guided experience of a
train station for elderly or people suffering from dyssemia, autism or agoraphobia can experience
going to the train station, buying tickets, finding the right train and embarking before actually
embarking on the real journey.
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Most people found the actual body movements important to feel immersed, both from the other
participants and from self. HMD removal (that was not yet available at that time) is also seen as a
good step forward.
While the demonstrations were well criticized and multiple use cases were put on the table, it is
still seen as too complex for large companies to implement these kind of services in the near future.

Olsthoorn Makelaars (https://www.olsthoornmakelaars.nl/)
Olsthoorn Makelaars is a real estate agent bureau helping to sell and buy residential real estate.
Gert-Jan Olsthoorn from Olsthoorn Makelaars first saw the demo. He is quite active in using new
technologies for their house viewings. This does not so much help sell a place quicker, but it does
give a better feeling to the potential buyers, thus raising the value. His first impression was
enthusiastic, but maybe seeing it as a niche: remote viewing for people that do not live nearby, e.g.
people immigrating to The Netherlands. Olsthoorn is already using VR (360VR videos) as a means
to present the houses they sell, and sees Social VR as a potential interesting addition, as people
usually do house viewings together with others.
In a second viewing, Olsthoorn Makelaars brought 2 of their suppliers. One company specializes in
capturing and presenting houses, both for existing houses (i.e. using cameras, 3D cameras, drones,
etc.) and one company creating VR experiences. In the discussion following the demonstration, a
main use cases was to do house viewings of houses not yet built. Since such houses cannot be
visited yet, creating a good 3D model to be viewed in virtual reality would be a good alternative.
Doing virtual house viewings, potential buyers and real estate agent together, in this way may lead
to increased enthusiasm, again raising the value of the houses.

B<>Com (https://b-com.com/)
B<>Com is an institute of research and technology working on various image-related domains (such
as ultra-high definition images, 3D, AR and VR), ultra-high speed networks and e-health.
We demoed to Mr. Launey, head of the Immersive Technology lab, and Mr. Royan, data scientist
working on automated vision learning. They were really interested in the technologies behind VRTogether, notably the point-cloud compression mechanism. They are working on a project using
point-cloud, hence their interest in our methods.
They also were intrigued by TNO’s HMD removal technique. Since we hadn’t tested it yet, we
decided to not show it during demo, but we had a slide about it. They asked a few questions about
facial expression recognition, and how much of the face was reconstructed.

Arka Studio (https://www.arka-studio.fr/)
Arka Studio is a company realizing videos and 3D models for real estate enterprises. They use VR
as a tool to offer visits of apartments that aren’t already built.
We demoed to Ms. Duval, business manager at Arka Studio. She was interested by the social aspect
of our project, because based on their experience, customers stop to listen to commercials once
they put on the headset.
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Although she was alone and therefore couldn’t experiment correctly the Pilot 1, she overall enjoyed
the experience, and was impressed by the physical representation of users.

3.2 Advisory Board
Based on the answers from the VR professionals that participated in the Focus Groups, the new
Advisory Board is made up of 8 members, detailed in Table 9. Apart from the valuable feedback
provided for pilot 1 and the project strategy and potential impact, they committed to do their best
to provide feedback along the lifetime of the project, especially for upcoming pilot demos.
Name

Company (Role)

Xavi Guardia
Jordi Colom

Soft for You (CEO)
Betevé (Technical and
Innovation Director)
TV3 / CCMA (Director
of Technical Facilities)
Bloompix Studios
(CEO)
ATOS (Head of Media
Secto, ATOS Spain)
VISYON (Client
Services Director)
KLM (XR AI
Consultant)
SenseGlove (CEO)
ORamaVR (CEO / CTO)
b<>com (Chief
Architect)
ARKA Studio (Business
Manager)

Amadeu Gassó
Sergio Gardella
Francesco D’Andria
Xavi Conesa
Jae Maloney
Gijs den Butter
George Papayiannakis
Jerome Royan
Isabelle Lebreton
Duval

Partner interacting
with the AB member
I2CAT
I2CAT
I2CAT
I2CAT
I2CAT
I2CAT
CWI
CWI
CERTH
VO
VO

Table 9. Advisory Board Members

A Consent Form (see Annex I) has created and used to get the confirmation about the willingness
and availability from the VR Professionals to become Advisory Board members, and to publish
information
about
them
in
the
website
(https://vrtogether.eu/about-vrtogether/advisory_board/), as shown in Figures 7 and 8.
This information includes: name, company, role in the company, picture, brief bio, and a quote
about the project / topic.
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Figure 7: Screen capture of the webpage listing the Advisory Board members in the VRT website

Figure 8: Screen capture of the webpage showing the info from an Advisory Board member once clicking on it in the VRT
website
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4 USER LABS: CONNECTED NODES
During the second year, the project has established two connected user labs, one per pipeline
(native and web-based). With respect to the native pipeline, three nodes with the most recent
video capturing infrastructure have been deployed, one in Thessaloniki (CERTH) and two in
Barcelona (i2CAT). Regarding the web pipeline, three nodes as well have been deployed and
connected remotely across The Hague (TNO), Paris and Rennes (both Viaccess Orca) locations. This
section details the performance metrics between the connected user labs.

4.1 Native Pipeline: i2CAT-CERTH
Two connected labs, one in Thessaloniki and one in Barcelona, were configured and tested for the
remote streaming of the TVMs using the software of year 2.
Objective
After the local tests we had in year 2, we actually wanted to extend and test the native pipeline in
scenarios with remote users. This experiment targets to monitor the network resources of the
entire native pipeline, the frame rate of the UnityPlayer, especially in the case of the remote TVM.
Methodology
Two nodes were deployed using VolumetricCapture (CERTH), VolumetricReconstruction (CERTH)
and UnityPlayer (I2CAT). The native tools were streaming the synchronized and spatially aligned
multi-view RGBD data and the TVMs. Two instances of UnityPlayer are responsible for receiving
one local and one remote TVM.
Metrics
The same RabbitMQ monitoring tool that we used during the experiments of Pilot1 utilized the
data extraction. The tools captures a snapshot of RabbitMQ rates and traffic in equal intervals (2ms).
Specifically the metrics we gathered are listed below:
 TVM Upload Frame rate (frames/sec): Publish rate of local TVM to the local RabbitMQ
server.
 TVM Download Frame rate (frames/sec): Receive rate for both local and remote TVMs
from the same RabbitMQ server.
 TVM Upload rate (mb/s): The published megabytes from the native tool to the local
RabbitMQ per second.
 TVM Download rate (mb/s): The received megabytes from the local UnityPlayer and the
remote UnityPlayer per second.
 TVM Frames per second (inside UnityPlayer) (ms): Refresh rate of the rendered TVM (both
local and remote) inside Unity.
Data
The monitored data are saved into log files with a standard dictionary format. We isolate the
specific keys that contain the data for the aforementioned metrics in a post-process manner. The
calculation of the statistics (average and standard deviation) and the generation of the plots follows.
Protocol
The first step is to run UnityPlayer on both sides and wait for the two users to log in to the same
room. We wait for the main scene to start. We double check the existence of two TVMs inside the
scene. At this point we are ready to start monitoring the two RabbitMQ servers. We follow the
same procedure for two experiments using different voxel grid resolutions (32x64x32, 64x128x64).
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Results
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Figure 9: Results for VoxelGrid 32x64x32, Greece RabbitMQ
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Figure 10: Results for VoxelGrid 32x64x32, Spain RabbitMQ
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Figure 11: Results for VoxelGrid 64x128x64, Greece RabbitMQ
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Figure 12: Results for VoxelGrid 64x128x64, Spain RabbitMQ
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Result Comparison
We can easily see that the different voxel resolution does not have any great impact on the
resources of the RabbitMQ. The greater resolution does not consume much more bandwidth
comparing to the lower one. The publishing rates are ~3 times greater that the rates of pilot 1. The
average fps value of the local TVM highlights the real-time receiving and rendering of the local user.
The average fps of the remote TVM is low.
Conclusion
This experiment provided us with useful information regarding the native pipeline. We can clearly
see that the native software manages to publish a TVM to a local RabbitMQ server in real-time on
both voxel grid resolutions. We can be sure that both of the different voxel resolution are sufficient
for real-time TVM rendering of the local TVM. No bandwidth issues were noticed with two TVMs
regarding this experiment. The downloading of the remote TVM is the only problem we
encountered in this experiment, as the download rate and the fps of the remote TVM inside Unity
were not satisfying. A more sophisticated approach to the receiving modules and the orchestrator
may be necessary.

4.2 Web Pipeline: VO-2.1
Connected lab of TNO’s system for Pilot 1 content. The objective is to do testing with people on the
3 sites to collect network statistics with the remote setup.
Objective
This experiment provides a technical evaluation of the web-client platform configuration in order
to assess the pipeline distribution performance. This platform is deployed in three different nodes
location (TNO-The Hague, VO-Rennes, VO-Paris), with two of them located in an internal private
high-speed network and the last one accessible through the internet. The comparison of the
resulting metrics between these nodes will provide a better understanding of the impact of the
network infrastructure on the web-client distribution chain (Socket.io based).
Methodology
For each experimental session, two users located in different connected nodes will be captured
with a respective depth sensor, generating an RGB-D video stream processed before the
transmission. The WebRTC communication protocol used for the web-pipeline allows the
transmission of the video in real-time as well as the evaluation of the real-time distribution
performance with standardised WebRTC monitoring APIs2.
Depending on the node location, the network architecture depicted in the following figure may
influence the resulting performance. By comparing the resulting metrics of different sessions of
one user connected to Viaccess-Orca internal network and one user connected to the internet
network, the results will allow to foresee how such infrastructure would be a key benefit for the
platform exploitation.

2

https://w3c.github.io/webrtc-stats/
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Figure 13: Web-client nodes network infrastructure

Experiment sessions
Sequence

Nodes Endpoints

Network Area

VO_RNS_VO_PRS

VO Rennes
VO Paris

internal

VO_RNS_TNO_HAG

VO Rennes
TNO The Hague

internet network (DMZ)

VO_PRS_TNO_HAG

VO Paris
TNO The Hague

internet network (DMZ)

Table 10. Experiment VO-2.1 Sessions

Metrics
The monitoring tool developed for this experiment provides the necessary functionality to evaluate
objective network metrics of the web pipeline. It basically consists in capturing the raw data as well
as processing the calculation of mean and standard deviation of multiple loggings of video and
audio WebRTC streams. The aforementioned bandwidth consumption metrics (BCM) being
captured are depicted hereafter:
 Jitter [s] [inbound_rtp_video].jitter [inbound_rtp_audio].jitter
Jitter corresponds to the variation of latency between two packets. Since packets don’t always
take the same network path to arrive at their destination, there might be a variation in latency
between two consecutive packets. High jitter means packet loss or network congestion.
 Latency [s] [outbound_rtcp_video].roundTripTime [outbound_rtcp_audio].roundTripTime
Correspond to the time needed for a packet to arrive at destination and come back.
 BCM1. Upload Rate (Mean / StdDev) [bits/s]
Both mean and standard deviation computed from:
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[outbound_rtp_video].bytesSent / timestamp
[outbound_rtp_audio].bytesSent / timestamp
BCM2. Download Rate (Mean / StdDev) [bits/s]
Both mean and standard deviation computed from:
[inbound_rtp_video].bytesReceived / timestamp [inbound_rtp_audio].bytesReceived
timestamp
BCM3. Upload Framerate (Mean / StdDev) [frames/s]
[outbound_rtp_video].framerateMean
[outbound_rtp_video].framerateStdDev
BCM4. Download Framerate (Mean / StdDev) [frames/s]
[inbound_rtp_video].framerateMean
[inbound_rtp_video].framerateStdDev
BCM5. Reconstruction Rate [frames/s]
Mean computed from:
[inbound_rtp_video].framesDecoded / timestamp
BCM6. Total Bandwidth [bits/s]
BCM1 Upload rate + BCM2 Download rate.
Only takes in account actual data and not estimated data (i.e. rtp and not rtcp)

/

Data
The data is aggregated in a .csv file provided by the web-client service from the running browser.
For each session, a new file will be created based on the UTC timestamp of the connection and is
stored in a local folder of the client.
Further exploitation can be made with the Excel file available in the monitoring tools Git repository:
https://baltig.viaccess-orca.com:8443/VRT/webclient/monitoringtools
It needs to be sent to a Viaccess-Orca person in charge of the experiment to process the data.
Protocol
Time synchronization (optional)
It is recommended to ensure that both users are using same NTP clock server reference to make
the experiment timestamps consistent between the two users.
This step by step procedure will ensure optimal time synchronization from both computers by
referencing them to the same NTP server:
- Launch a command prompt as administrator
- Launch the w32time service e.g. net start w32time
- Check the w32tm service status e.g. w32tm /query /status
- Check that “Source” parameter is the same between the two clients.
- If not, update the NTP server for one of the two client,
e.g. w32tm /config /update /manualpeerlist:addressofthetimeserver
- In either case, synchronize the two clients clock e.g. w32tm /resync

VR-Together session network statistics recording
This experiment aims to record the two different sessions of the two connected remote clients.
These two sessions are characterized as follow:
● One corresponding to a “conversation” context, i.e. mostly still seated users.
This recording lasts for around 5 minutes.
● One corresponding to a more “active” context, i.e. a moving user around the room, staying
in range of the capture system.
This recording lasts for around 2 minutes.
The statistics are processed with a frequency of one data capture per second for each client.
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Here is the procedure to follow in order to process the capture of experiment statistics:
- Launch VR-Together Pilot 1 components (i.e. Capture and Bckgnd removal modules)
- Launch a Mozilla Firefox browser instance
- Connect to the VR-Together platform e.g. https://vrt-orch-tno.viaccess-orca.com/
- Open a new session by selecting user position (Left or Right)
- Share Oculus microphone and the RESULT window to start the session
- Wait for 10 seconds ensuring VRT client is fully initialised
- Open the Firefox web console:
e.g. keyboard shortcut Ctrl+Shift+K
e.g. Tools -> Web Development -> Web Console
- Run the startLoggingStats() command to start the monitoring tool
Prompt will show off “Logging stats…” message
- Process the experiment session within the defined protocol timeline
- Run the stopLoggingStats() command to stop the monitoring tool
Prompt will show off “Stopped logging stats!” message
- Run the exportCSV() command to get resulting data and drop them in:
https://drive.google.com/open?id=12Hy6J6cO5bvTxMh1KTGJRsR4dP_RRoTo
NOTE: Close and start again Firefox browser between each recording session, or call the
eraseStats() command to clean data caching.

Results
VO_RNS_VO_PRS

Static
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Figure 14: Results for VO_RNS_VO_PRS

VO_RNS_TNO_HAG

Static
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Figure 15: Results for VO_RNS_TNO_HAG
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VO_PRS_TNO_HAG

Static
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Figure 16: Results for VO_PRS_TNO_HAG
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Results comparison

Nodes

Rennes
Paris
Rennes
The
Hague
Paris
The
Hague

Session
type

Average
bandwidth
(total, in Mb/s)

Average
bandwidth
(download, in
Mb/s)

Average
bandwidth
(upload, in
Mb/s)

Average
framerate (in
fps)

Static

3.172

2.598

0.574

42.988

Dynamic

3.779

2.628

1.151

42.771

Static

2.869

1.215

1.654

33.381

Dynamic

3.843

1.639

2.204

33.611

Static

4.432

2.556

1.876

33.909

Dynamic

5.207

2.583

2.624

32.867

Table 11. Results comparison for VO-2.1

NOTE: The total average bandwidth for Rennes – The Hague is a bit lower since one of the two
users wasn’t looking at the other participant during a large part of the session. Nonetheless, this
dataset provides an interesting insight about how the user’s focus can influence the performances.

Conclusion
This experiment brings a number of useful information, especially regarding bandwidth usage, and
allows considering the following conclusions;
The mean total bandwidth per second used in a conversation context is around 4.2Mb/s.
Downloading other user’ video data is the biggest consumer of bandwidth, and is responsible of
more than half of total bandwidth consumption with 2.5Mb/s (59.5%), when upload is only
responsible for 1.7Mb/s.
Moreover, the more active is the context, the more data can be transferred. In a dynamic context,
where users can move around in the capture zone, the total bandwidth can jump to 5Mb/s, an
increase of 0.6Mb/s (20%). This phenomenon is potentially due to the fact that during a dynamic
session, participants are able to move closer or further to the camera, assuming their
representation is taking a variable space inside of a captured frame by doing so. Therefore, it leads
to send more data to the other partner (hence the upload bandwidth increased utilization), but less
to download since there’s some optimization steps performed during the delivery process, as this
impact is more noticeable on the upload bandwidth side than the download bandwidth side.
Avoiding looking at the other participant improves network performances notably (1.5Mb/s less
bandwidth consumed, a decrease of 35%). It shows that the video data is not sent when the partner
is not in view, and allows for a better use of the bandwidth.
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In recorded sessions, Jitter values are almost negligible (maximum of 10ms, with a mean value of
6ms) and overall latency is quite low (around 20ms). It is not a pure real-time communication, but
largely acceptable in a meeting context for example.
The reconstruction rate is around 33 frames per second in general and jumps until 40 frames per
second in some cases.
From these results, no meaningful difference between internal and external network appears,
neither on latency nor on bandwidth consumption. Small discrepancies in recorded data could be
linked to various user capture distances as it directly impacts the weight of data to transmit. This
aspect should be considered in a further protocol definition by determining a specific capture
distance for users in order to provide a better consistency across multiple experimentations. We
therefore assume that an internal network infrastructure has no real impact on the Pilot 1
experiment compared to an external one.
Overall, the socket.io protocol has been proven efficient for the experiment needs, and brings a
fluid experience even the type of network infrastructure. This is well compliant with an extensive
usage of the web platform across the internet network, assuming connected user benefits of a good
connection quality.
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5 USER LABS: PILOT ACTIONS
During the second year of the project we have run a number of pilot actions that help us paving the
way to the deployment and execution of pilot 2. Overall, twelve experiments have been
coordinated for exploring different aspects of the project:
 Evaluation of the participants and context (Artanim-2.1, CWI-2.1, TNO-2.1, Artanim-2.2)
 Creation of Datasets (CERTH-2.2, CWI-2.2)
 Evaluation of the underlying technology (CERTH-2.4, TNO-2.2, CERTH-2.1, CERTH-2.3,
CERTH-2.6, TNO-2.3)
D2.2 provided the list of experiments and planning of them for year 2, as shown in Table 12. During
the year, the list has been adapted and re-planned for year 3, depending of other priorities and the
readiness of the technology. For example, CWI-2.3 has been re-scheduled for year 3 when the tiling
infrastructure for optimizing the delivery of point clouds is robustly implemented in the pipeline,
which was not a priority for pilot 2. i2CAT-2.3 and i2CAT-2.4 are as well rescheduled for year 3,
since the coordination of i2CAT-2.1 with over 20 companies was a major undertake and a core
essential activity for year 2. Similarly, CWI-2.3 was moved to year 3 due to unexpected changes of
personnel during the second year. Finally, the experiments intended for further identify thresholds
for requirements (end-to-end delay and such) – CWI-2.4, CWI-2.5, i2CAT-2.6 and CERTH-2.6 have
been all postponed to year 3, after the pilot 2 is conducted.
Experiment
Id

Area

Involved
Partners

When

Linked Non-Functional
Reqs

Linked Functional Reqs

i2CAT-2.1

Focus groups with VR
industry
professionals

i2CAT, TNO,
VO, Entropy,
CERTH,
Artanim

07/2019

NF.104.1, NF.107.0,
NF.109.1, NF.150.0,
NF.66.1,
NF.96.1, NF.122.0

FR.1.0,FR.2.0,FR.3.0,FR.5.0,FR.15.1
, FR.16.0, FR.17.0, FR.27.1, FR.28.0,
FR.31.0,
FR.37.0

Artanim-2.1

Content
representation

Artanim, i2CAT 01/2019

NF.96.1, NF.104.1,
NF.107.0, NF.109.1,
NF.122.0, NF.150.0

FR.3.0, FR.9.1, FR.11.0, FR.12.1,
FR.13.0, FR.22.0, FR.27.1, FR.31.0,
FR.35.0, FR.36.0, FR.37.0, FR.135.0

01/2019

NF.96.1, NF.122.0
NF.55.0, NF57.0, NF.58.0,
NF.59.0, NF.77.0, NF.78.0,
NF.123.0

FR5.0. FR12.0, FR15.0, FR.35.0,
FR.147.0, FR.119.0, FR129.0
FR.1.0, FR.3.0, FR.5.0, FR.16.0,
FR.20.0

CERTH-2.1

Rendering

CERTH

CWI-2.1

Human
representation

CWI

07/2019

NF.75.0, NF.95.0, NF.72.0,
NF.74.1, NF.77.0, NF.78.0,
NF.154.0

CERTH-2.2

Human
representation

CERTH,
Artanim, CWI

07/2019

NF.66.1, NF.67.0, NF.96.1,
NF.122.0

FR.1.0, FR.5.0, FR.12.1,
FR.16.0,FR.57.0

CWI-2.2

Delivery and
transmission

CWI, i2CAT,
Entropy

NF.75.0, NF.95.0, NF.152.0,
NF.153.0, NF.154.0,
06/2019
NF.155.0

FR.3.0, FR.5.0, FR.16.0

i2CAT-2.2

Human
representation

i2CAT, CWI

09/2019 NF.67.0, NF.96.1, NF.122.0

FR.12.1, FR.57.0

CWI-2.3

Delivery and
transmission

CERTH-2.3

Delivery and
transmission

i2CAT-2.3

Delivery and
transmission

i2CAT, CWI

i2CAT-2.4

Delivery and
transmission

i2CAT

VO-2.1

Delivery and
transmission

VO, TNO

NF.74.1, NF.78.0, NF.155.0,
NF.152.0, NF.153.0,
CWI, i2CAT, MS 09/2019
NF.154.0
CERTH, i2CAT
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FR.23.1

NF.75.0, NF.66.0, NF73.0,
NF77.0, NF78.0, NF123.0

FR.1.0, FR.5., FR.16.00, FR.60.0

07/2019

NF.73.1

FR.1.0, FR.3.0, FR.5.0, FR.8.0,
FR.12.1, FR.13.0, FR.15.1, FR.16.0,
FR.50.0

07/2019

NF.66.1

FR.1.0, FR.3.0, FR.5.0, FR.12.1,
FR.13.0, FR.15.1, FR.16.0

06/2019

09/2019 NF.66.1, NF.92.1, NF.151.0
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TNO-2.3

TNO

Artanim-2.2

Avatar
representation

Artanim

09/2019

CERTH-2.4

Subjective evaluation
of HMD removal and
self-representation

CERTH

09/2019

NF.67.0, NF.75.0

FR.3.0

TNO

02/2019

NF.66.1, NF.67.0, NF.75.0,
NF.96.1, NF.122.0,
NF.123.0

FR.1.0, FR.5.0, FR.12.1, FR.50.0,
FR.51.1

TNO

NF.66.1, NF.67.0, NF.73.1,
NF.75.0, NF.96.1, NF.110.1,
NF.111.1, NF.112.1,
07/2019
NF.122.0, NF.123.0

TNO-2.1

Subjective evaluation
of self-representation

TNO-2.2:

Subjective evaluation
of HMD removal

CERTH-2.5

Simultaneous
delivery + rendering
of TVM instances

I2CAT, CERTH

CWI-3.1

Physiological signals
for evaluating QoE

NF.66.1, NF.73.1, NF.123.0,
06/2019
NF.153.0, NF.151.0

FR.8.0, FR.13.0, FR.15.1, FR.49.0,
FR.50.0, FR.51.1, FR.54.0 and
FR.129.0

Delivery and
transmission

FR.1.0, FR.5.0, FR.16.0

FR.1.0, FR.5.0, FR.8.0, FR.12.1,
FR.13.0, FR.15.1, FR.50.0, FR.51.1

05/2019

NF.55.0, NF57.0, NF.58.0,
NF.59.0, NF.77.0, NF.78.0,
NF.123.0

FR.13.0, FR5.0, FR12.0, FR15.0,
FR.35.0, FR.147.0, FR.119.0,
FR129.0

CWI

10/2019

NF.75.0, NF.95.0, NF.72.0,
NF.74.1, NF.77.0, NF.78.0

FR.3.0, FR.5.0, FR.16.0, FR.20.0

CWI-2.4

Experiments for
quantifying values of
requirements

CWI

09/2019

NF.73.1

FR.8.0, FR.13.0, FR.50.0

CWI-2.5

Experiments for
quantifying values of
requirements

CWI

09/2019

NF.96.1

FR.1.0, FR.16.0

i2CAT-2.5

Experiments for
quantifying values of
requirements

i2CAT

09/2019

NF.96.1

FR.1.0, FR.16.0

i2CAT-2.6

Experiments for
quantifying values of
requirements

i2CAT

09/2019

NF.111.1, NF.112.1

FR.1.0, FR.16.0, FR.59.0, FR.145.0

Table 12. Updated list of experiments for year 2

The next sections provide details over the twelve experiments executed in the second year.

5.1 Users and Environment representation
5.1.1 Evaluation of Content Representation: Artanim-2.1
We present an experiment, ran in collaboration with i2Cat, to evaluate the user’s perception of and
reaction to different forms of content presentation, comparing 360-degree video, 3D scene + video
billboard characters, and 3D scene + 3D characters. Each form of content has its advantages and
disadvantages (e.g. 360-degree video is highly realistic, but does not allow for motion parallax), and
we want to know how they affect the experience of the user.
With this in mind we addressed the following questions:
- Do the different content versions induce similar levels of subjective presence?
- Do the different content versions induce similar behavioural responses?
- How do users perceive and weigh the trade-offs of the different forms of content?
The employed consent forms and questionnaires for the experiment can be found in Annex II.

5.1.1.1 Setup
Using the Pilot 1 scene and content produced by Entropy, the characters produced by Artanim, and
the player developed by i2cat, users were shown an interrogation scene where the character Sarge
interrogated the suspect Zeller. This specific scene was selected because it includes a moment in
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which the suspect speaks and waves to the user, because it was more dramatic than other content
given that the suspect falls to the floor, and because it was easiest to understand where
pronunciation by the actors was concerned.
In the VR setup, the user was located in a room adjacent to the interrogation room and could see
the development of the interrogation through a one-way mirror. The different content versions of
the same interrogation scene were used so that the content was consistent for each content format.
Users were seated on a chair and given an Oculus Rift VR headset to wear. Users were informed
that they could move their heads during each trial, as well as stand up in place, but that they could
not walk around.

5.1.1.2 Procedure
The participants were received by the experimenter who guided them through the following steps:
- Participants were asked to fill in a written consent form and a pre-experiment
characterization questionnaire; (5 mins)
- Participants then participated in the three trials of the experiment; (15 mins per trials, 45
mins total)
- At the end, participants were asked to fill in a post-experiment comparison questionnaire
and debrief with the experimenter. (10 mins)
Each individual trial consisted of the following steps:
- Participants were asked to answer the pre-trial questionnaires (simulation sickness
questionnaire or SSQ); (2 mins)
- Participants were placed in position, equipped with the HMD, and asked to watch the
interrogation scene; (8 mins)
- Participants were then asked to answer the post-trial questionnaires (simulation sickness,
quality of experience, quality of content and presence). (5 mins)
The presentation order of the 3 conditions was counterbalanced so that the order effect was
counterbalanced.

5.1.1.3 Results
The experiment involved 24 individuals - 16 male and 8 female - ages 18 and over. The 24
participants were equally distributed between Artanim’s and i2Cat’s premises where they took part
in the experiment.

5.1.1.3.1 SSQ Questionnaire
Taken before and after each trial, the score for each trial is computed as [score after trial] minus
[score before trial], so that the state of the participant at the start of a trial is accounted for in the
results. That is, if at the start of a trial participants present any symptom that has been acquired
before the experiment, or that has persisted from a previous trial of the experiment, this symptom
is recorded and expected to remain until the end of the current trial, and is then subtracted from
the SSQ results at the end of this trial.
We tested whether the difference between the reported SSQ before and after the trial was
statistically significant for each content condition using the Wilcoxon signed rank test. We observed
a significant increase in the simulation sickness questionnaire responses for the 360-degree video
condition ( 𝑝 = .002 ). The test failed to reject the equality for 3D characters and billboard
conditions, which received similar pre- and post-SSQ scores ( 𝑝 = .228 and 𝑝 = .671
respectively). SSQ results also show that the 360-degree video caused significantly more discomfort
than the billboard condition (𝑝 = .025).
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Figure 17: Boxplot of SSQ difference

We point to two relevant factors that might be related to the increase in simulation sickness in the
360-degree video condition; the lack of virtual camera translation, that is, the viewpoint position is
kept static even if the head of the participant translates, resulting in a visuovestibular sensory
mismatch, which in turn is known to cause discomfort and simulation sickness; in addition, the use
of pre-recorded stereo view could also cause discomfort.

5.1.1.3.2 Presence Questionnaire
Taken after each trial, it consists of a modified SUS presence questionnaire (question 5 was
suppressed from the questionnaire as we considered it unsuitable for a within subject experiment
design).
Friedman test showed a significant effect of content condition on subjective presence score
2
(𝑥(𝑑𝑓=2)
= 12.7). Pairwise comparisons (Wilcoxon signed rank test) across the levels of content
condition showed that participants reported lower presence in the 360-degree video condition than
in both the 3D character (𝑝 = .008) and billboard (𝑝 = .005) conditions. The latter two presented
similar presence scores (𝑝 = .749).

Figure 18: Boxplot of presence scores

5.1.1.3.3 Quality of Experience Questionnaire
We developed a QoE questionnaire containing 11 questions to address 4 aspects of the participant
experience, namely the quality of the virtual characters (realistic look and motion), the visual
consistency of the scene (perspective projection and image composition), the feeling of control of
the virtual viewpoint, and the overall experience (VR and content).
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ID
Q1
Q2
Q3
Q4

Question
The motion of the characters felt expressive
The motion of the characters felt natural
The appearance of the characters was realistic
The perspective of the virtual world and the elements in it looked
consistent
Q5
The movement of virtual elements, character, objects … through
the space felt consistent with the real world
Q6
My movement did not affect the visual consistency of the virtual
world and the elements in it
Q7
The control of the virtual view felt natural
Q8
When I moved, I expected the virtual view to respond accordingly
Q9
I felt involved in the virtual reality experience
Q10 My experiences in the virtual environment seemed consistent with
my real-world experiences
Q11 I felt involved in the interrogation

QoE Aspect
Characters
Characters
Characters
Visual consistency
Visual consistency
Visual consistency
Feeling of control
Feeling of control
Overall experience
Overall experience
Overall experience

Table 13. QoE questionnaire. Answers were provided on a 5-point scale ranging from strongly disagree (1) to strongly
agree (5)

We tested each response variable for statistically significant differences across the levels of content
condition using the Friedman test. Significant results were followed by pairwise comparisons using
the Wilcoxon signed rank test and Holm-Bonferroni correction.
The three questions relating to the virtual characters (Q1, Q2 and Q3) presented similar results,
with billboard and 360 video characters being considered to have more realistic appearance and
more natural and expressive movement than 3D characters (all p < .01).
Considering the perception of correctness of visual perspective (Q4), movement of virtual objects
through space (Q5) and visual consistency of scene elements (Q6), the billboard condition
performed better than the 360-degree video condition (all p < .01), while 3D characters performed
significantly better than 360 video considering visual perspective and scene elements (Q4 and Q6,
both p < .01) but not with regard to the movement of virtual objects (Q5, p = .34).
Moreover, the feeling of control (Q7 and Q8) was stronger on billboard and 3D characters
conditions than in the 360-degree video condition (both p < .001), while no significant difference
was found between the billboard and 3D characters conditions (both p > .4). This outcome was
expected given that the 360-degree video was the only condition not to allow for point of view
position updates in the virtual environment.
Lastly, billboard and 3D characters conditions were ranked higher than 360-degree video condition
for overall VR experience and experience consistency with the real word (Q9 and Q10, both p < .01).
Concerning the interrogation experience (Q11), the billboard condition ranked higher than the 360degree video condition (p = .036), and both presented a similar score as the 3D characters (both
p=.32).
Notably, overall experience scores for the 3D characters condition were similar to the billboard
condition scores, while generally considered superior than the 360-degree video condition. Our
results indicate that, despite presenting less realistic content, participants held a positive view of
the 3D characters experience.
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Figure 19. Boxplot of quality of experience results.

5.1.1.3.4 Comparison questionnaire
The questionnaire was taken at the end of the experiment. A chi-squared test was used for each
comparison statement to determine whether a statistically valid dependence between the
independent variable condition (3D characters, billboard or video) and the dependent variable
classification (1, 2 and 3 or best, intermediate, worst), specified by participants, exists. All but one
of the tests showed a statistically valid dependency between the variables (all p < .001). The
statistical test failed to reject the independence between the variables for the statement “the visual
consistency between characters and scenario was more accurate in condition …” (p = .112), this
may indicate two different effects: participants may have attributed different meanings to the
same question; or the three conditions were perceived to have very similar character scenario
consistency, which led to similar scores across all conditions and classification level.
Overall, the billboard condition received higher scores when it comes to character appearance and
animation, followed by 360-degree video, which indicates the superiority of recorded video media
for characters. The 360-degree video condition was argued to have more visual distortions, while
3D characters and billboard conditions received similar scores for this statement. The movement
of the virtual viewpoint was considered similarly natural for the 3D characters and billboard
conditions, 360-degree video was considered worst in this sense, which is expected given the lack
of viewpoint translations. Similar results are also seen for participant’s perception of freedom to
move, with a slight advantage of 3D characters over the billboard condition. Lastly, the billboard
condition was generally preferred as a VR condition and as the means to watch the interrogation
scene, followed by 3D characters, in spite of the perception that virtual characters appearance and
behaviour were inferior in this particular condition.
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Figure 20: Comparison questionnaire results with first, second and third choices

The overall preference for the billboard condition when a direct comparison was possible indicates
that this is a suitable means of VR media consumption.

5.1.1.4 Conclusions
The experiment indicates that, for the experience context produced for pilot one, the billboard
condition is preferred by users.
Overall, the billboard condition presented subjective presence scores that are similar to the full 3D
condition and higher than the 360 video, very little variation in simulation sickness due to the VR
experience and was generally considered the better option on the post experiment questionnaires.
It is important to emphasize that the VR technique that relies on a mixture of video and 3D graphics
imposes constraints to the design of the experience.
The lack of spatialized sound was reported as a limitation by two users.

5.1.2 Evaluation of Human Representation: CWI-2.1
5.1.2.1 Introduction
In a streaming setting, it is important to assess the impact of compression solution on the quality
of the delivered contents, in order to devise strategies to improve the quality of experience of the
end user within the constraints of the system. In a Social VR setting, thus, it is important to
determine, for each representation under use, how the perceived quality of digital humans changes
when different compression and streaming solutions are employed, considering various file sizes.
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As requirements may vary depending on the viewing conditions in which the Social VR experience
is sustained, testing the assumptions on different VR scenarios becomes essential.
In this test, we aim at evaluating the visual quality of human contents, represented as point clouds,
under compression distortions. The goal is to identify, for each compression solution under test,
the minimum bitrate for which a good quality is achieved. The evaluation is performed in different
viewing scenarios, to see whether different requirements are to be expected depending on the
level of interaction. We use the Video Point Cloud Compression (VPCC) codec, that was developed
as part of the MPEG standardisation activity, to encode dynamic point cloud sequences. We also
use the CWIPCC codec developed at CWI for pilot 2.
We created a dataset of point cloud human representations using the dynamic mesh sequences of
the actors from pilot 1. We selected a five second clip of the actors facing and talking to the user.
Key frames were specified at 30 frames per second and extracted along with the associated
materials. We then randomly sampled one million points from the surface of each key frame
separately. The points are sampled on each triangle proportional to the surface area of the mesh
face. This was done to ensure there are no direct point correspondences across point cloud frames
similar to a live captured dynamic point cloud.

Figure 21: Keyframe from animated mesh (left) and pointcloud with 1 million randomly sampled points (right)

In addition to this we use the Queen sequence from the MPEG repository for comparison as it was
created using a similar approach. We then encode each sequence using the MPEG VPCC codec and
the CWI Point cloud codec used in pilot 2 in an all intra configuration that is also used for the pilot.
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Figure 22: Point clouds encoded using the CWIPCC codec from R1 (left) to R4 (right)

Each sequence is compressed to 4 bit rates (R1 – R4) ranging from 0.5 Mbps to 18 Mbps based on
the MPEG common test conditions. While using the MPEG VPCC codec we vary the geometryQP
and the textureQP in order to achieve the 4 rate points. While using the CWIPCC codec we vary the
octree depth and the JPEG QP to achieve the 4 rate points. We match the bitrates for each
combination of point cloud sequence, codec and rate point with a tolerance of 10% in order to
create the final list of stimuli for this experiment. A transform is then calculated for each point cloud
so that they are all at approximately the same position and orientation in the virtual scene during
the QoE evaluation.

5.1.2.2 Validating experiment
The experiment consists in comparing two PC-based compression solutions at various bitrates, in
different viewing conditions. The goal is to determine the minimum bitrate level that allows to
achieve an acceptable quality level in different consumption scenarios, namely standard tv setup,
3 Degrees of Freedom (3DoF) and 6DoF.
In order to perform the test, 5 point cloud contents depicting humans were selected from the
MPEG repository. Specifically, contents Queen, Long dress, Soldier, Red and black and Loot were
selected. Moreover, 3 mesh contents were taken from the pilot experiment, namely Male suspect,
Female suspect and Detective, and converted to point clouds. Two compression solutions for point
cloud contents were used to perform the comparison. The first, Video Point Cloud Compression (VPCC), was recently proposed by the MPEG standardization body to encode dynamic point cloud
sequences, by leveraging existing video compression solutions. The second, CWI-PCC [3] was
developed at CWI and used as an anchor codec for the MPEG standardisation activity. It is based
on the octree space partitioning structure. The geometry is encoded as octree occupancy bits and
the colour attributes are projected to a 2D grid and then compressed using existing JPEG image
compression.
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The codecs were evaluated at 4 different compression ratios, obtained from the MPEG Common
Test Conditions.
Due to limitations in the rendering system, it was not possible to evaluate all 8 point cloud contents
in one single session, as long loading times would have brought fatigue to the subjects. Thus, it was
decided to split the evaluation into two separate tests: One focused on the evaluation of contents
obtained from random sampling of meshes (T1: contents Queen, Male suspect, Female suspect and
Detective), and one focused on contents acquired through photogrammetry (T2: contents Long
dress, Soldier, Red and black, and Loot). From each sequence, a subset of frames composing 5
seconds was selected. For each test, all viewing conditions were evaluated. The order of the viewing
conditions were randomized to avoid bias.
To perform the experiments, the subjective methodology Absolute Category Rating with Hidden
References (ACR-HR) was selected, according to ITU-T Recommendations P.910 [1]. A total of 36
stimuli were evaluated per viewing condition. The order of the displayed stimuli was randomized
per participant and per viewing condition, and the same content was never displayed twice in a
row to avoid bias.

5.1.2.3 Participants
A total of 30 participants are expected for each test. At the time of this document, a total of 18
participants have been recruited for T1 (8 males, 10 female, average age: 23 years old), and two
viewing conditions have been tested. All participants were screened for colour vision and visual
acuity, using Isihara and Snellen charts, respectively.

5.1.2.4 Data analysis
Outlier detection and removal was performed on the results, independently for each viewing
condition, according to the ITU Recommendations [2]. One outlier was detected for the 3DoF
viewing condition and two for the 6DoF condition, and the corresponding scores were discarded.
After outlier removal, the Mean Opinion Score (MOS) was computed for each stimulus,
independently for each methodology. The corresponding 95% Confidence Intervals (CIs) were
computed assuming a Student's t-distribution.
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5.1.2.5 Results
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Figure 23: Results of subjective test T1, for viewing conditions 3DoF (left) and 6DoF (right), for all contents
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Results of the subjective test T1 are shown in Figure 23, separately per viewing condition. Each bar
group indicates one compression ratio, from highest (1) to lowest (4), whereas the scores
associated with the hidden references are indicated with a dashed line (shaded area corresponding
to the CI associated with the score).
In the 3DoF scenario, for content Male suspect compression ratios R3 and R4 achieve transparent
quality, since there is no observed statistical difference between the scores associated with the
compressed contents with respect to the hidden reference, for both codecs. For content Detective,
only compression ratio R4 achieves transparent quality, for both codecs under assessment,
whereas for contents Female suspect and Queen, there is never statistical equivalence between the
hidden reference and any of the compressed contents, indicating that compression distortions are
always clearly perceived.
In the 6DoF viewing condition, transparent quality is achieved by codec V-PCC, using compression
ratio R4 for contents Male suspect, Female suspect and Queen, and R3 for Detective.
It is worth mentioning that content Queen was consistently rated lower than the other contents.
In fact, the hidden reference has a MOS score lower than 4 for both viewing conditions, indicating
that the content was seldom rated as having excellent quality. Results are confirmed by a one-way
ANOVA test conducted on all the scores, separated by content type (p = 4.8201e-08). Content
Female suspect, on the other hand, seemed to be rated better than the others, at least when the
hidden reference was involved. However, no statistical difference was found overall between the
scores associated with the 3 contents from pilot 1 (p = 0.2454).
Regarding the comparison between the two codecs, performance varies depending on the content
and on the bitrate. In particular, V-PCC seems to perform better on low bitrates, whereas for high
bitrates, the performance is comparable.
Finally, a one-way ANOVA on the scores separated by viewing conditions confirmed that the scores
were statistically equivalent at 5% confidence level (p = 0.3811).

5.1.2.6 References
[1] ITU-T P.910, “Subjective video quality assessment methods for multimedia applications”,
International Telecommunication Union (April 2008).
[2] ITU-R BT.500-13, “Methodology for the subjective assessment of the quality of television
pictures”, International Telecommunication Union (January 2012).
[3] Mekuria R, Blom K and Cesar P. Design Implementation and Evaluation of a Point Cloud Codec
for Teleimmersive Video. IEEE Transactions on Circuits and Systems for Video Technology (January
2016)

5.1.3 Evaluation of Self-Representation: TNO-2.1
5.1.3.1 Introduction
In social virtual reality (VR) – the field attempting to assemble multiple people in the same VR
environment -, visualization of live streams is a vital area of interest. Higher quality visualization
often trades off with delays. Specifically, this effect plays when attempting to visualize the ‘self’ in
VR. If a person does not see him- or herself, a disconnected feeling to the immersion experience
can arise. The feeling of ‘fear of heights’ has also been reported. However, it is unsure what the
most important factor in a believable selfview experience is. As stated, the quality of the rendering
trades of with the speed of visualization. In this research, we have designed an experiment to
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quantify the effects of this trade-off. Two tasks were designed which require accurate visualization
as well as accurate timing. Through an experiment in VR and a questionnaire, more insight in
selfview experience was gained.

5.1.3.2 Methods
5.1.3.2.1 Experimental setup
An experimental setup was designed and implemented in which a camera faced a participant sitting
on a chair (¡Error! No se encuentra el origen de la referencia.). The participant wore the HMD
(Oculus Rift) and thus obtained a selfview (¡Error! No se encuentra el origen de la referencia.),
sitting on a chair. In this view, a hand flew in a constant periodic motion towards and away from
the participants, as if it was high-fiving (Figure 27. The scene with a selfview and a moving hand.

Left is a sideview of the experiment, right is the view of the participant in de HMD. Note
that this is the point cloud rendering condition.
and 27).

Figure 24. The hardware setup (Kinect, Laptop and HMD on the chair).

Figure 25. View for the participant if he/she looked down. Note that this is one of the higher quality representations.

Five conditions were prepared for two RGB-D sensors: the KinectV2 and the RealSense D415
(leading to a total of ten conditions in the experiment). See for an example with increasing quality
¡Error! No se encuentra el origen de la referencia.. The first was a mesh formed out of image data
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that was 16.6% (12.5% for the RealSense) of the maximum resolution. This was increased in three
steps to the maximum resolution (25%, 50% and 100%). The fifth condition showed a point cloud,
in which the points were rendered as small squares, so colouring could be seen as well.

Figure 26. A hand in ascending quality.

Each condition was shown to the participant, and subsequently, the participant was asked to
perform two tasks. The first task consisted of ‘high-fiving’ the floating hand. Aim of this task was to
investigate the optimum trade-off between resolution and lag, since you need both hand visibility
and timing to perform a high-five. The second task was aimed at detail; participants were asked to
touch their own index fingers. If there was too little detail in the scene for this task to be successfully
completed, it usually meant that individual fingers could not be visualized in those settings.

Figure 27. The scene with a selfview and a moving hand. Left is a sideview of the experiment, right is the view of the
participant in de HMD. Note that this is the point cloud rendering condition.

Figure 28. The second task: finger touching (maximum resolution mesh condition).

5.1.3.2.2 Participants
Participants (n=4) in this pilot study were project employees between the ages of 25 and 45, who
all had experience with virtual reality and virtual conferencing.
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5.1.3.2.3 Data analysis
The parameters on which task performance was determined were whether the participants
successfully performed the task yes or no, the difficulty of the task, the believability of the task and
whether it was easier or more difficult to perform the task in relation to the previous condition.
Success of the high-five and the touch was visually established by the experimental operator
controlling the VR conditions. Difficulty, believability and relative difficulty were assessed by a
second experimental operator, who posed the questions and asked the participants to answer the
question using a 1-5 point Likert scale; 1 being ‘very easy’ or ‘very unbelievable’, 5 being ‘very
difficult’ or ‘very believable’. Relative difficulty was rated -1 if it was easier than the last condition
to perform the task, 0 if it was equally easy/difficult and 1 if it was more difficult. No statistical tests
were performed due to the limited size of our participant group.

5.1.3.3 Results
The success rates of each condition are shown in Table 14. When using the Kinect sensor, only the
Kinect-condition with the highest resolution led to task failure. For the RealSense, failure occurred
more frequently. The most notable failures happened for the high-five task in the lower resolutions
and the point cloud condition.
Condition

Success rate
Task 1 (%)
Kinect LR
100
|
100
|
100
\/
25
Kinect HR
100
RealSense LR
75
|
75
|
50
\/
100
RealSense HR
50

Success rate
Task 2 (%)
100
100
100
100
100
100
100
100
50
100

Table 14 Success rates of each task, subdivided by condition. The conditions varied in sensors (Kinect or RealSense) and
resolution (low resolution to point cloud).

In terms of absolute difficulty, participants overall had to put more effort in the high-five task (task
1) than in the finger touching task (task 2). The believability was higher in the finger touching task.
The Kinect sensor overall has the best scores on all parameters, except for (absolute) difficulty in
the finger touching task.
The Kinect sensor scores exceptionally well in believability of the finger touching task, over all
conditions but especially the point cloud condition. This condition was also deemed the most
believable for the high-five task and led to the lowest difficulty in both tasks. The most difficult to
perform was the high-five task in the highest mesh resolution, the least difficult the finger touching
in the same condition.
The RealSense sensor is the most believable in the finger touching task at medium-high resolution,
and easiest to perform is the high-five in the same resolution. The most difficult is the high-five in
the highest resolution, which is also the least believable.
Table 15 Likert scores for difficulty and believability, and relative difficulty scores, subdivided by
Task and Condition. 1 means 'very easy' or 'very unbelievable'. 5 means 'very difficult' or 'very
believable'. Red boxes indicate a score below 2.5, green boxes a score above 2.5. A relative difficulty
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score of lower than 0 indicates an easier perceived task performance, higher than 0 means the task
was perceived to be more difficult under this condition.

Condition
Kinect LR
|
|
\/
Kinect HR
Average
RealSense LR
|
|
\/
RealSense HR
Average

Task 1
Difficulty Believability
2
1,75
2,5
4,25
1,5
2,4
1,75
2
1,5
3,75
2,25
2,3

2,75
3,5
2,5
1,75
3,75
2,9
2,25
2,5
2,5
1,5
2,25
2,2

Compare
previous

Task 2
Difficulty Believability

-0,25
1
0,75
-1
0,1
-0,75
0
1
-0,75
-0,1

2,5
2
2,75
2,25
1,5
2,2
3,25
2
1,75
3,5
2,25
2,6

3
3,25
2,75
2,5
4
3,1
2
2,75
3,5
2,25
2,75
2,7

Compare
previous
-0,75
0,5
-0,25
-1
-0,4
-0,75
-0,75
0,75
-0,75
-0,4

Table 15 Likert Scores.

5.1.3.4 Conclusion
Overall, the Kinect sensor scored best. It was the most believable in all tasks, and only failed in the
highest mesh resolution. This was probably due to the lag, which became too large. However, the
point cloud rendering of the Kinect scored best in the conditions, so this would be the optimum
setting (which means mesh resolution is not an issue of concern).

5.1.4 Evaluation of Avatar Representation: Artanim-2.2
We present an experiment to evaluate the effect of look-alike virtual representations to the
experience of presence, social meaning and quality of interaction in a social VR context. To this end,
we capture and reconstruct facial features of the user and apply it to a template avatar.
The study consists of two parts:
Part 1 – Self-representation: the users either see their face, or the face of a generic avatar, on a
self-representing avatar that they can control.
The question we’re looking to answer is “Does a virtual representation looking like the user improve
the VR experience?”
Part 2 – Other representation: the users see and interact with a known co-actor (e.g. a family
member, friend or someone else they have known for a long time) with a realistic face or the face
of a generic avatar.
The question we’re looking to answer is “Do the matching visual features of a familiar social agent
improve presence, social meaning and quality of interaction in a social VR experience?”
User representations are created at 3 different levels of accuracy:
 A generic male or female avatar representation which does not match the user.
 A realistic representation of the user based on a photo.

D.4.4 – Technical Report on Second Pilot

85

Version 4.1, 15/7/2020



An in-between more abstract – perhaps cartoon-like – representation of the user, which is
still recognizable, but intends to steer clear of such undesirable effects as the “Uncanny
Valley”.

Figure 29: Avatars are generated at 3 different levels of accuracy; generic, realistic and cartoon-like

We expect to validate that a photorealistic look-alike representation, as proposed by VR-Together,
is a valuable feature to the VR user experience. Moreover, this will allow an improved
understanding of what characteristics of the experience of social VR (e.g. presence, social meaning
and quality of interaction) are enhanced by look-alike users’ representations.

5.1.4.1 Setup
The participants were equipped with an Oculus Rift VR headset (HMD), connected to a VR backpack.
In order to track the user’s movements, a Vicon motion capture system was used. Users were
tracked by a total of 6 trackers (clusters of markers) being placed on the wrists, feet, the HMD and
the VR backpack. The positions and orientations of these 6 trackers were fed into an Inverse
Kinematics (IK) procedure which computed the full final pose for the underlying skeleton of the
participant’s avatar. A Leap Motion3 device was used to track the participant’s hands and fingers,
in order to provide finger animation to the avatars.
To generate avatars with the user’s likeness or a cartoon-like representation of it, Avatar SDK 2.04’s
functionality to create an avatar from a photo was used. The generated heads were then stitched
onto a generic avatar body through custom software. Using Oculus’ LipSync SDK 5 and speech
captured by a microphone built-in to the HMD, the avatar’s lips were animated based on the
captured speech. In addition, procedural eye movement and blinking were added to the avatars to
provide more natural behaviour, with hotspots being added to the avatar faces for the eyes to look
at the other avatar (or their mirror image) when it is natural to do so.
For the self-representation scenario, the participants were placed in an otherwise empty virtual
room facing a mirror. The mirror displayed a mirror image of their self-representing avatar, so they
were able to both look at their own avatar directly, as well as via its mirror image. To control the
exposure to the mirror image, a virtual “curtain” was used to reveal and obscure the mirror at the
appropriate moments for the experiment.

3

Leap Motion : https://www.leapmotion.com/
Avatar SDK 2.0 : https://www.avatarsdk.com
5
Oculus LipSync SDK : https://developer.oculus.com/documentation/audiosdk/latest/concepts/bookaudio-ovrlipsync/
4
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Figure 30: During the self-representation scenario, the participant stands in front of a mirror, being able to observe both
their own avatar and its mirror image

For the other-representation scenario, the participants were placed in an otherwise empty virtual
room, facing each other. To control the exposure to the other participant’s avatar, a virtual “curtain”
was used to reveal and obscure the other side of the room at the appropriate moments for the
experiment.

Figure 31: During the other-representation scenario, the participants face each other and are asked to observe one
another.
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5.1.4.2 Procedure
The participants were received by the experimenter who guided them through the following steps:
- Participants were asked to fill in a written consent form and a pre-experiment
characterization questionnaire; (5 mins)
- Participants were then asked to have a photo taken of their face in controlled lighting
conditions, in preparation for the generation of their look-alike avatar; (5 mins)
- Participants then participated in the three trials of the experiment, one trial for each
avatar’s representation (generic, realistic and cartoon-like); (15 mins per trials, 45 mins
total)
- At the end, participants were asked to fill in a post-experiment questionnaire and debrief
with the experimenter. (10 mins)
Each individual trial consisted of the following steps:
- In a first task participants were placed in front of a virtual mirror without being able to see
the other participants and asked to perform a set of movements while observing
themselves and their mirror image; (2 mins)
- Participants were then asked to fill out a SUS presence questionnaire; (5 mins)
- In a second task, participants were placed facing each other, and asked to play a game of
charades, with the goal of having the other participant guess the words. Two of such games
were played, with each participant taking the role of describer; (2 mins)
- Participants were then asked again to fill out a SUS presence questionnaire; (5 mins)

5.1.4.2.1 Tasks
Part 1 – Self-representation: each participant was asked to stand in front of a virtual mirror and
look at their own avatars. They were not able to see the other participant’s avatar. They were
instructed to perform the following movements, while looking at themselves as well as their mirror
image:
1. "Lift your right arm and wave to your mirror image."
2. "Palm facing the mirror and then open and close your fingers."
3. "Lift your knees as high as your hips."
4. "Rotate your upper body from left to right."
5. "Turn into a profile position left then right."
6. "Say aloud your name and how do you presently feel."
Part 2 – Other representation: the two participants were positioned to face each other (distance <
2m) and asked to play a game of charades. Randomly, a participant was shown a list of words and
was tasked with describing the word for the other participant to guess, with the goal of having the
other participant guess as many words as possible within 45 seconds. After the round was
completed, roles switched between participants, with the other participant now describing a new
list of words. Before starting the game, the participants were urged to look at each other, and they
were informed they could be as expressive as they wanted, as long as they didn’t mention the word
that was to be guessed.

5.1.4.3 Results
To evaluate any effects of the various avatar conditions on presence, users were asked to fill out a
Slater-Usoh-Steed (SUS) presence questionnaire at the end of each trial. Question 5 was suppressed
from the questionnaire as we considered unsuitable for the specific experiment design.
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Evaluating the sum of presence scores for both the self-representation scenario, as well as the
other-representation scenario reveal that there is no statistically significant difference to be found
between any of the 3 representation conditions.

Figure 32: Boxplot of presence scores for avatar self-representation in the three test conditions

Figure 33: Boxplot of presence scores for avatar other-representation in the three test conditions

At the end of the experiment, users were asked to indicate their preferred avatar condition for the
experiment as a whole, as well as their preferred avatar condition regarding appearance and
behaviour for both themselves as well as the other participant in the experiment.
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Avatar Condition Preference
Overall Preference

Other-Representation Behaviour

Other-Representation Appearance

Self-Representation Behaviour

Self-representation Appearance
0

5
Generic

10
Realistic

15

20

25

Cartoon-like

Figure 34: Avatar condition preferences concerning appearance and behaviour for the 24 participants

As can be seen in the chart above, the realistic option was favoured by most in all cases, making
the case that while presence seems unaffected, a realistic look-alike avatar representation still
provides an experience more preferred by users.
It is to be noted that the current pipeline used for the generation of look-alike avatars does not yet
allow for the inclusion of accurate hairstyles and behaviours, nor does it include eyewear. During
the post-experiment evaluation users did indicate that including such elements could potentially
have helped to make recognition easier and stronger, which might have made the case for realistic
representation even more clear.
What is interesting to note is that for both the self-representation and other-representation
scenarios when it comes to behaviour, the preference for the generic case sees an increase. This
even though the only difference between all three avatar conditions is limited to the face. The rest
of the avatar’s body or its animation does not change between the different conditions.
When asked to provide open comments on the positive and negative aspects of the representation
conditions, users said (among others) about the realistic conditions
•

•

Positive
• “More impression that I am somewhere else”
• “You feel at ease and in a familiar environment”
• “You can recognize better the other person”
• “Fun. Makes the experience feel more personal, more custom-made.”
• “Better immersion, feel more like actually interacting with someone”
Negative
• “It’s too yourself and I want to be somebody else in VR”
• “It felt immensely weird having my face on a body type that isn't mine.”

With respect to the body type not matching that of the user, that is something which could be
addressed, but it is noteworthy that such aspects do not affect realistic user representation such
as obtained with real-time scanning solutions as point clouds or Time Varying Meshes (TVM).
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5.2 Datasets
5.2.1 Social VR Activity Recognition: CERTH-2.2
In this experiment, an innovative dataset was created using different modalities for user
performance captures (appearance, body movements, audio sequences). Artanim’s VICON markerbased motion capture and CERTH’s 3D capturing systems (4 x Intel RealSense D415, spatiotemporally aligned) were used for the captures. The captures took place in July of 2019 in Geneva,
in Artanim’s premises. With respect to the data collection, four (4) professional actors were
captured using VICON motion capture suits. One (1) of the subjects was 3D scanned, rigged and
animated using motion capture data.
The purpose of this dataset was threefold; a) challenging actions were captured to allow the
investigation of pose estimation using spatio-temporally aligned multi-RGBD data, b) multi-person
activities along with audio data were captured to include social interaction sequences and c) the
scanned 3D character will allow the comparison between user representations of different types,
i.e., time varying mesh, 3D character and point cloud. The dataset will be published during the 3 rd
phase of the project, also enabling Pilot 3 research tasks and disseminating the project increasing
its visibility. The detailed protocol of the dataset is depicted In Table 16.

Action

Number of Duration
Audio
subjects
per
included
per action sequence

Number of
different
subjects

Running in place

1

10

✖

4

Jumping jacks

1

15

✖

4

Bending - hands up all the way down

1

15

✖

4

Punching and kicking (free boxing)

1

15

✖

4

Basketball dribbling

1

15

✖

4

Laying down

1

20

✖

4

Sitting down on the floor then stand up

1

20

✖

4

Sitting on a chair and then stand up

1

20

✖

4

Talking and explaining in place

1

15

✖

4

Picking and dropping small objects in place

1

15

✖

4

Stretching while talking

1

15

✖

4

Talking while walking around (limited
locomotion)

1

20

✖

4

Watching a scary movie alone

1

15

✖

4

Inflight safety announcement

1

30

✖

4

Watching football together

2

30

✓

2x2

Dancing

2

15

✓

2x2

Physical examination

2

60

✓

2x2

Talk to each other (and whispering)

2

30

✓

2x2
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Simple card magic trick

2

30

✓

2x2

Table 16 Dataset protocol.

Figure 35: Single human basketball activity

Figure 36: Multi human dancing activity
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Figure 37: Multi Human Simple card magic trick activity

5.2.2 Navigation Patterns: CWI-2.2
Volumetric objects and environments in VR allow users to interact with content in novel ways. In
addition to controlling the playback, users are able to move their viewport and navigate through
the scene. This experiment captures a user's navigation patterns in the virtual scene as they watch
a dynamic sequence of pre-recorded 3D point clouds. Participants are shown 28 sequences of point
clouds each lasting 10 seconds and played back at 30 frames per second.

Figure 38: 3D point cloud shown to users while gathering their viewport navigation data
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The position and orientation of their viewport is recorded along with the current playback frame
and time elapsed. The location of the viewport is recorded as an X,Y and Z position within the
coordinate system of the scene, while the rotation is recorded using three Euler angles.
The user's navigation patterns are recorded under two viewing conditions: 6DoF and 3DoF. In the
first, users are allowed unrestricted movements within the scene, in the second, users are seated
on a chair and are only allowed to make head movements while watching the content.

Figure 39: Users viewing dynamic point cloud sequences in 6DoF (left) and 3DoF (right)

We collected 420 navigation patterns logs from 15 users viewing 28 stimuli in the two viewing
conditions.

Figure 40: Heat map of user navigation for all users viewing the male suspect sequence in 3DoF and 6DoF

In conventional video streaming multiple representations of a video are encoded at different bit
rates and then selected to adapt to varying network conditions. For immersive media such as 3D
point clouds user adaptation is required in addition to network adaptation. As the user moves the
viewport location and orientation across the scene the quality of different point cloud objects and
surfaces can be adjusted based on proximity and visibility to reduce the bandwidth overhead. The
data gathered in this experiment will be used to create and evaluate streaming strategies that
consider user adaptation while streaming sequences of 3D dynamic point clouds.

5.3 Underlying Technology
5.3.1 HMD Removal Native Pipeline: CERTH-2.4
Subjective assessment of the proposed HMD removal method which is based on generative
autoencoders. This method removes the HMD from the user’s face by “inpainting” both the
geometry and the texture data. The assessment is based on the data acquired during the
experiment EXP-CERTH-4 (year 1).
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5.3.1.1 Dataset
Details about the acquired data (EXP-CERTH-4, year 1):
● Per RGB-D sensor (on average):
○ 62 subjects
○ 1500 frames per subject without HMD
○ 1500 frames per subject with HMD

Figure 41: Facial expression examples with and without HMD

5.3.1.2 Learning-based method
Most existing HMD removal approaches focus on personalized high-resolution methods that
require offline capturing of the user’s facial expressions before using the proposed methods. These
approaches lead to high-quality results, however they cannot be generalized to be applicable for
unseen users. To address the generalization issue, we choose to exploit the Generative Adversarial
Networks aiming to “inpaint” the part of the face that is covered by the HMD, even if the quality of
the results is lower compared to the aforementioned personalized methods.
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Our approach is summarized in the following two paragraphs:
Data post-processing
The data acquired for the same experiment are post-processed in order to create two versions of
each sample; a) an HMD-free sample, and b) a sample with an artificial HMD placed on the subject’s
face. Note that we choose to use an artificial HMD instead of capturing the same person twice (with
and without HMD), as it is impossible for the subject to stay perfectly still. The artificial HMD
generation and placement is based on state-of-the-art face detection and the usage of the OPENCV
library. The HMD is placed in a way that is perfectly aligned between RGB and Depth data.
Deep learning scheme
As already mentioned, we choose to exploit GANs to “inpaint” the part of the face the is covered
by the HMD. We define two experiments; a) an RGB-only GAN as a baseline, and b) a GAN that
utilizes both RGB and Depth data jointly. The software components used for the method
implementation are summarized as:
 Python (v3.7.1)
 Pytorch Framework (v1.0.1)
 Visdom (used for visualization)
We choose to split the total number of subjects to a training set that comprises 50 subjects and a
validation set that consists of the rest 12 ones. The following two sections detail the RGB-only and
RGB-D based experiments, and present qualitative results on the aforementioned validation set.

5.3.1.2.1 Single-stream Generative Adversarial Network
The single-stream GAN is trained and evaluated on RGB-only data. The GAN consists of a generator
and a discriminator part, respectively. Two loss functions are used during training, namely a
similarity loss where the generated image (HMD-free) is compared to the RGB-clean ground truth,
and a discrimination loss based on the binary (real/fake) classification of the generated and the
ground truth images.

Figure 42: Single-stream GAN model

During training, we used the Adam optimization algorithm with learning rate equal to 0.0001, while
the batch size was set to 32. The model was initially pretrained on the widely-known CELEBA
dataset and then fine-tuned for 25 epochs on the VRTogether one. The following figures depict the
effective removal of the artificial HMD from the users’ faces.
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Figure 43: Qualitative example for RGB-only HMD removal. From top to bottom: Ground Truth, Generated, Input with
HMD
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Figure 44: Qualitative example for RGB-only HMD removal. From top to bottom: Ground Truth, Generated, Input with
HMD

5.3.1.2.2 Two-stream Generative Adversarial Network
The two-stream GAN is trained and evaluated using both RGB and Depth data. In order to exploit
the proposed method on TVMs, both available modalities should be exploited to provide a more
realistic result. For this purpose, we employ a second stream, identical to the first one, that
processes the Depth data. The two streams are fused at the latent space part of the model (see
Figure below) in order to jointly learn the removal of the HMD “noise” by combining texture and
geometry information. The same loss functions presented in the last Section are used for both
streams, while the accumulated loss is used to update the total network.
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Figure 45: Two-stream GAN model

As for the single-stream experiment, we used the Adam optimization algorithm with learning rate
equal to 0.0001, however the batch size was reduced to 16 during memory limitations. The RGB
generator part was initially pretrained using the widely-known CELEBA dataset, while the total
network was then fine-tuned for 25 epochs on the VR-Together one. The following figures depict
the effective removal of the artificial HMD from the users’ faces.
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Figure 46: Qualitative example for RGB-D HMD removal. From top to bottom: Generated, Input with HMD, Ground
Truth
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Figure 47: Qualitative example for RGB-D HMD removal. From top to bottom: Generated, Input with HMD, Ground
Truth

Finally, note that all presented experiments were implemented on a desktop PC with an Intel i7
CPU, 64GB RAM, and an Nvidia 1080Ti GPU.

5.3.2 HMD Removal Web Pipeline: TNO-2.2
5.3.2.1 Introduction
In social virtual reality (social VR) – the field attempting to assemble multiple people in the same
VR environment -, visualization of live streams of users is a vital area of interest. Promising
applications for this field include 3D video conferencing or multiplayer VR gaming.
A realistic representation of the other user is important for natural communication and immersion.
However, by nature of VR, both users wear a head-mounted display (HMD). Therefore, a 3D capture
of each user necessarily cannot contain the eye portion of the users face, which can sabotage the
communication immersion.
Prior work has addressed the challenge to replace the users face in the virtual 3d representation
[1], however, it is unknown to what extend this 3D digital face restoration helps to improve the VR
experience, the perception of gaze and the feeling of co-presence.
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In this pilot study, we have designed an experiment to evaluate these questions. A HMD removal
algorithm was developed to replace the HMD with a static 3D representation of the user face in the
area of the HMD. An experiment in VR was designed to measure the effects of HMD removal on
the interaction using a standardized questionnaire. more insight in the effects of HMD removal was
gained.
The experiment sought to investigate the impact of HMD removal on the quality of dyadic (twoperson) communication, in which the participants sat at a table in a shared virtual environment. To
evaluate the system in a scenario in which non-verbal communication plays an important role,
participants were instructed to perform a role-playing task. This evaluation was done for two
conditions: with HMD removal (HMDR ON), and without HMD removal (HMDR OFF). This
interaction was evaluated through a questionnaire, focusing on four fundamental response
variables.

5.3.2.2 Method
An experiment was designed to investigate the participants' responses in a dyadic social
interaction in a shared virtual environment. Through this experiment we aimed to gain more insight
on the impact of our HMD removal method, and how visual realism impacts the perceived quality
of communication. Our experiment design is based on the work of Garau et al. [2], who evaluated
the impact of eye gaze on communication using humanoid avatars in collaborative virtual
environments.
We measured this through a dyadic social interaction within a controlled scenario containing a
roleplaying task.

5.3.2.3 Environment and apparatus
Participants were paired up, and assigned to carry out a role-playing task under one of two
conditions: with the digital HMD removal module on (HMDR ON) and with the digital HMD removal
off (HMDR OFF). In the first case, the participants see the 3D representation of the other person’s
face in the area of the HMD, and in the latter case they see just the original 3D stream (See Figure
48).
The participants met in a shared virtual reality environment where they were sat at a long table, in
a space that simulates a simple living room. The appearance of the VR-rooms have little detail to
minimize potential visual distraction.
During the experiment, both participants were wearing an Oculus Rift. Corresponding to the shared
virtual environment, both participants were sitting at a long table in the lab. For each of the
participants, an Oculus Rift sensor and a Kinect V2 sensor were placed on the table for headset
tracking and RGB-D data capture (Figure 49).
Each Oculus Rift headset was marked using two ArUco markers, and the positioning of these
markers through the Kinect V2 and the native Oculus headset tracking were calibrated to each
other to enable headset removal based on the high-frequency and high-fidelity Oculus Rift tracking
information.
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Figure 48: Participant in the shared virtual environment as seen from the other participant’s perspective. Without HMD
removal (HMDR OFF) left, with HMD removal (HMDR ON) right

Figure 49: Experiment setup with two participants wearing Oculus Rift headsets two Kinect V2 sensors (red), two Oculus
Rift sensors (blue)
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5.3.2.4 Task
A role-playing negotiation task was used, based on the task described in [2]. Each participant was
randomly assigned to play one of the roles, baker or mayor, whose families were involved in a
potentially volatile situation. It was within both their interests to avoid conflict between their
respective families. The scenario description can be found in Appendix III. The task was to come to
a mutually acceptable conclusion within ten minutes.
Straus et al. [3] have argued that people benefit from visual feedback when performing a equivocal
task which has no single "correct" solution. Similar to [2], we wanted to evaluate the impact of
HMD removal in a context where high demands would be placed on non-verbal components in the
communication process.
It was stressed that this was not an acting task and that the participants should be themselves and
should feel free to improvise.

5.3.2.5 Procedure
Both participants were given five minutes to read through the scenario and to ask any questions.
When both participants were ready, the piece of paper describing the scenario was taken away.
Participants were told that they were now going to meet in a shared virtual environment. During
the experiment instruction the conversation between the participants was kept to a minimal level.

5.3.2.6 Participants
16 participants were recruited through word-of-mouth at the Intelligent Imaging and Acoustic &
Sonar departments of TNO. All of the participants had prior experience with VR reality devices and
environments. Each participant pair was selected to be of equal gender and to have no social
relationship prior to the experiment.

5.3.2.7 Response Variables
For the evaluation of the quality of communication we have taken the same broad indicators as [2]:
1. Face-to-face: The extent to which the conversation was experienced as being like a real face-toface conversation.
2. Involvement: The extent to which the participants experienced involvement in the
conversation.
3. Co-presence: The extent of co-presence between the participants - that is, the sense of being
with and interacting with another person rather than with a computer interface.
4. Partner Evaluation: The extent to which the conversational subjects positively evaluated their
partner, and the extent to which the conversation was enjoyed.
Each of the aforementioned indicators were evaluated by a number of questions. We have adapted
these sets of questions to fit our context and goal. Like [2], each questionnaire response in this
study was on a 7-point Likert-type scale. The questionnaire can be found in Appendix III.

5.3.2.8 Results
The questionnaire answers were aggregated according to the four response variables. For the
purpose of analysis, some questionnaire scales where reversed so that all "high" scores would
reflect a high score of the response variable being studied.
Table 1 outlines the results of the aggregated questionnaire responses for the two treatment
situations (HMDR ON, HMDR OFF).
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HMDR ON

HMDR OFF

Face-to-face

4.9 ± 1.7

4.5 ± 1.7

Involvement

5.8 ± 1.1

5.3 ± 1.4

Co-presence

4.4 ± 1.6

3.9 ± 1.7

Partner evaluation

4.5 ± 1.6

4.2 ± 1.3

Table 17 Results from HMDR ON-OFF (TNO-2.2)

Figure 50 shows the means of the aggregated questionnaire responses. It is noteworthy that the
mean of the questionnaire responses of experiments with type HMDR ON is consistently higher
than the type HMDR OFF for each of the response variables. These results are consistent with the
expectation that HMD removal would positively contribute to the quality of dyadic communication.
Nevertheless, none of the four differences were found to be statistically significant at the p=0.05
level (unpaired T-test).
On the questionnaire the participants could write down comments related to the things that
hindered them (or the other) person from carrying out the task and about the experience and the
sense of being there with the other person. Remarkably, the participants with the HMD removal
module ON, noticed the lack of facial expressions and some misalignment of the eyes and gaze. The
participants with the HMD removal module OFF focused more on the audio and expressed the need
for eye-contact.
Example participant remarks with the HMD removal module ON:
• “I had the feeling that we sat together at the table. Arm movements and the gaze of the other
person made the conversation real.”
• “Arms were not visible during a virtual ‘handshake'. Occasionally the eyes appeared to be
shifted, i.e. rendered at the wrong location for a millisecond.”
• “Partner did not look in my direction.“
• “It was somewhat hard to interpret my partner’s facial expressions and gaze due to a little
misalignment of the face capture in the HMD.[…]The sensation of not seeing my own body in
the VR environment was also distracting.”
• “Sometimes it was difficult to see facial expressions”
• “The other person was looking past me, which took time to get used to.”
Example participant remarks with the HMD removal module OFF:
• “It felt like a phone call, I think I mainly focused on the audio.”
• “Interactivity mostly seemed to be derived from audio channel.”
• “As my conversation partner was the only one in the room, the focus was truly on him and
the conversation. In other words, there were no distractions.”
• “Would be nice to have eye-contact. Maybe a situation with a bit more movement would be
relevant.”
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Figure 50: Means of questionnaire responses with error bars representing standard deviation

5.3.2.9 Conclusion and Future Work
In this study we have evaluated the impact of HMD removal for dyadic communication in a shared
virtual environment. The results of the questionnaire indicate that the quality of communication
improves when HMD removal is active, however, a larger study is needed to obtain results with
statistical power.
In terms of the participant remarks, it is notable that multiple participants in the treatment group
HMD ON noticed that the stitched face patch was slightly misaligned, which was perceived as
distracting and aligns with common description of the ‘uncanny valley’ effect, which outlines
human sensitivity to slight inaccuracies in the reproduction of human faces. This exhibits the
importance of both precision in alignment and recording quality of the reproduced face.
Furthermore, using gaze tracking technology within the headset, the eye gaze and even facial
muscle movement of the participants could be simulated, strongly improving the fidelity of the face
reproduction. A recent example is a method by Facebook, which uses comic-like avatars to render
eye gaze and facial expressions [4].
Multiple participants in the HMDR OFF treatment mentioned that they experienced the interaction
to be similar to a phone call. This strongly suggests that the occlusion of the eye region by the HMD
severely hampers the sense of non-verbal communication, and demonstrates the need for HMD
removal to simulate face-to-face communication and increase the communication value of the
visual information.
To gain more consistent insights, a study with a larger group of participants is needed. While the
current results seems promising, it would be interesting to observe how participants without any
prior experience with VR devices act under these conditions. Further technical expansions could
consist of HMD removal technology containing gaze reproduction.
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5.3.3 Rendering Performance: CERTH-2.1
The purpose of the experiment is to apply stress to the resources of the computer of the end user.
VRT Player is responsible for the rendering of the graphics environment and the TVMs. For that
purpose, the Pilot 1 TVM – pipeline was deployed in CERTH’s lab.
The resources and the software versioning that were used to utilize this experiment are included
in the following table.
Capturing Setup (Kinect setup Pilot 1)
4 Capturing Clients -> 4 x NUC PC, 4 x Ethernet
cables, 4 x Kinect sensors
1 Reconstruction server, 1 Ethernet cable
1 Ethernet switch
4 Calibration Boxes

Rendering (VRT Player Pilot 1)
1 player PC (i5 – 3.60 GHz, 16GB RAM, Nvidia
1080, Windows 10)
Unity 8.3x
Player (pilot 1) – i2CAT
Content (pilot 1) - ENTROPY

Table 18 Resources and Software versions in CERTH-2.1

In order to apply some pressure on the resources of the computer we execute multiple runs of the
VRT player scenario, incrementing the number of displayed TVMs on every iteration. We continue
this iterative procedure until the computer runs out of resources, resulting to a VRT Player crash.
In every run, we monitor the following metrics which reflect the current computer’s resources
usage:
 CPU usage (%)
 CPU processing time (ms)
 GPU usage (%)
 GPU processing time (ms)
 Memory usage (GB)
The following charts showcase how the metrics differ over time and rendered TVM instances.
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Figure 51: Min, max and average CPU consumption over TVM Instances
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Figure 52: Min, max and average CPU processing time over TVM Instances
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Figure 53: Min, max and average GPU consumption over TVM Instances
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Figure 54: Min, max and average CPU processing time over TVM Instances
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Figure 55 RAM Memory usage over TVM Instances

Figure 56: Multiple TVM Instances inside VRT Pilot1 Player

Summing up, we reach the following conclusions:
 Adding a 7th TVM instance leads to a Unity crash.
 GPU processing times scales exponentially.
 CPU usage approaches its maximum potential when three or more TVMs are rendered.
We want to mention that there was no GDPR form for this experiment due to the fact that we did
not record any personal data and even the screenshots that were captured do not disclose any face.
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5.3.4 Transmission Performance: CERTH-2.3
A set of sessions of varying TVM parameterization with respect to the geometry and texture quality
will be experimented. Comparing the results given by using the VRTogether Objective Performance
Metrics, will allow us to better understand the pros and cons of the distribution options according
the different available quality levels of the TVM medium.
Regarding the TVM compression/decompression benchmarking, an experiment with the following
parameters was conducted:


TVMesh compression/decompression
a. Voxel Grids {32x64x32, 64x128x64}.
b. Compression/Decompression libraries {Corto, Draco}.
c. Varying vertices number (time - varying Mesh)
d. Mesh Attributes {Positions, Normals, Texture weights, Cameras ids}.
 Texture compression/decompression
a. Image compression/decompression library {jpeg}.
b. Image resolution (1280x720x3}.
c. Compression quality {95}.
d. Number of grouped texture images per TVMesh instance {4}.
During this experiment the mean value and the standard deviation (in milliseconds) during
encoding and decoding of ~400 TVMesh frames were monitored. These metrics are shown in the
following tables:
Draco

Metrics

Encoding (ms)

32x64x32

Average
Standard deviation
Average
Standard deviation

2.76
0.44
15.47
1.72

Corto

Metrics

Encoding (ms)

32x64x32

Average
Standard deviation
Average
Standard deviation

1.05
0.24
13.43
4.81

64x128x64

64x128x64
Jpeg
1280 x 720 x 3

Encoding per image
(ms)
2.7

Decoding
(ms)
1.57
0.45
6.40
2.31

Number of
Vertices
6750
525
29570
2514

Decoding
(ms)
0.16
0.37
3.40
1.42

Number of
Vertices
6750
525
29570
2514

Decoding per image
(ms)
2.0

Quality
95

Table 19 Results from CERTH-2.3

5.3.5 Simultaneous Delivery and Rendering of TVM Instances:
CERTH-2.6
The main objectives of this part is the strategic decomposition of the end-to-end pipeline into submodules leading to a better monitoring of each part of the platform, as well as the monitoring of
the entire pipeline delay. The individual modules worthy of separate monitoring, regarding their
duration time are described below:
 Capturers publish module.
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Reconstruction geometry module.
Weighted Texturing module.
Decoding of the TVM instance in Unity.

Complementary to the decomposition of the platform, the entire pipeline delay will be included at
the end of this chapter. Due to the fact that this experiment was executed locally in CERTH, we
assume that the transmission time of the TVM from the native tool to the Unity player was nearly
zero.
Regarding the capturers side, the publish rate to the RabbitMQ server is constantly at 33ms. This is
due to the steady frame acquisition rate (30 fps) from the Intel RealSense D415 sensor. The
networking part does not produce any additional overhead. The consumer is receiving these
published messages from each device with the same steady rate (33ms).
The reconstruction geometry model is responsible for the calculation of the iso-surface from the
decoded grouped depth frames. This operation is dependent on the voxel grid size and the depth
resolution. We use depth frames with 320x180 resolution. The following table showcases the
average processing time for the geometry of the TVM and its standard deviation for two different
voxel grid resolutions:
Reconstruction Module
32x64x32
64x128x64

Delay (ms)
21.1
31.0

Jittering (ms)
3.7
10.2

Table 20 Delay and Jitter for Reconstruction Module (CERTH-2.6)

The weighted texture module responsibility is to distinguish the cameras with the best visibility for
each vertex of the TVM’s geometry. For that purpose, it’s input is a the TVM’s 3D model and the
decoded grouped colour images. The resolution of the colour images is set to 1280x720. This
operation is also dependent to the voxel grid resolution. The respective table with the durations
for each voxel grid follows:
Weighted
Module
32x64x32
64x128x64

Texture Delay (ms)
0.28
0.58

Jittering (ms)
0.79
1.16

Table 21 Delay and Jitter for Weighted Texture Module (CERTH-2.6)

It is of major significance to mention that, a back-pressure technique is used on the 64x128x64
voxel grid resolution in order to avoid the RabbitMQ buffering. Specifically, the RabbitMQ protocol
ensures that no published message is going to be discarded during the publishing and consuming
process. RabbitMQ ensures this condition by saving the messages to a queue. If the rate of
publishing is greater than the consuming rate, this queue expands exponentially. The result is that
end-product is not going to render the latest published message but the older message stored in
the queue. This hinders the real-time experience of the end-users as there is an exponentially
growing delay between his moves and the TVM’s moves. Back-pressure tackles that by using the
newest message and discarding the other older accumulated messages.
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At this point, we have covered the basic components of the native TVM pipeline. At this point we
measure the production rate of the TVMs instances. It is critical to mention that the TVM
production rate is same with the publish/consume rate of the TVM to/from the RabbitMQ. This
measurement describes the delay of the entire pipeline. The following table describes this delay
depending on the voxel grid resolution:
Entire Native Pipeline Delay (ms)
Delay
32x64x32
42
64x128x64
55

Jittering (ms)
10.7
15.7

Table 22 Delay and Jitter for Entire Pipeline (CERTH-2.6)

The last frame rate measurement we include in this part is the decoding of the TVM from the native
dll used in Unity Player. As we mentioned earlier the transmission delay is nearly zero, as this
experiment is local. This leads us to the fact that the decoding and rendering time, is the interval
between consecutive TVM instances in Unity Player. The following tables describe the decoding
and rendering duration depending on different voxel grid resolutions:
Decoding
(UNITY)
32x64x32
64x128x64

module Delay (ms)
27.1
41.0

Jittering (ms)
1.51
2.4

Table 23 Delay and Jitter for Decoding Module (CERTH-2.6)

Rendering
(UNITY)
32x64x32
64x128x64

module Delay (ms)
4.46
8.7

Jittering (ms)
0.69
1.32

Table 24 Delay and Jitter for Rendering Module (CERTH-2.6)

5.3.6 MCU Evaluation: TNO-2.3
The goal of this experiment was to answer following research questions by gathering MCU
pipeline throughput data:
1. What are the performance bottlenecks of the MCU pipeline?
2. What is the performance impact of certain mosaic layouts / sizes?
3. How many simultaneous users can we potentially support?
To set a baseline and limited complexity of the experiment, following assumptions and
corresponding resulting experiment decisions were made:
1. The amount of decoders has a negligible impact on the pipeline performance.
a. Each decoder runs on a separate thread.
b. Mosaic generation is achieved by copying memory buffers, which is fast.
2. Any throughput above the capture device throughput is sufficient.
a. For a Kinect, this means that a throughput of 25 fps is deemed sufficient.
We took following hypothesis:
1. A layout close to 16:9 has the best performance
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2. CPU core clock speed is more important than the amount of cores (i.e. there is a
multithreading bottleneck somewhere).
The MCU pipeline was be tested on its own, that is without incoming live streams and no
communication with other services will happen.
In order to measure the performance independent from network inputs, we capture a test capture
stream, which we use as a file input to the MCU pipeline. The file is encoded as VP8 in order to
mimic a streaming scenario:
 Container: WebM
 Video: VP8, 1088x808px @ 298 kb/s, 29.97 fps.
 Audio: Opus 48kHz stereo
We measure the pipeline in two parts: the part before encoding (e.g. the decoding and mosaic
generation), and the entire pipeline including encoding of the final output. After encoding, we
discard any generated buffers.
Due to assumption 1, we have chosen an arbitrary number of input streams/decoders of 6. In some
undocumented tests where we varied the number of input streams, the amount of streams did not
impact the throughput of the pipeline as a whole.
We measure throughput by counting the amount of frames passing through our point of
measurement. We only measure these frame counts in the transient state of the pipeline, which
should give us an idea of the real-world performance of the pipeline. In order to obtain a better
perspective on RQ 2 and 3, we measure the pipeline throughputs while varying the output width
and height.
All measurements were run on two systems, one cloud VM and one laptop. The hardware
specifications for both systems are the following:
Component
CPU
Cores
ISE
Threads
Memory

MSI GT62VR 7RF-298NL Apache Pro
Intel Core i7-7700HQ @ 2.80 GHz –
3.80 GHz
4
SSE4.2 SSE4.1 AVX2
8
16GB

VM
Intel Xeon E5-2697A @ 2.60GHz –
3.60 GHz
16
AVX2
16
8GB

Table 25 Test Systems in TNO-2.3

The figure below shows the two versions of the MCU pipeline. In the experiments we have removed
the part in the box labelled ‘regular input’ and included the box labelled ‘Experiment input’. Our
measurements were done at the point right before the ‘H264 Encoder’ and right before the ‘H264
RTP payloader’ elements.
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Figure 57: MCU Pipeline

Table 266 shows the results without applying the encoder:
Width
3860
3860
3240

Height
2160
1920
1920

MPixels
8
7
6

Max tiles
6
6
6

VM FPS
30
51
60

Apache Laptop FPS
24
75
90

Table 26 Results without encoder in TNO-2.3

Table 277 shows the results with encoder.
Width
3240
3240
4320
8640
6480
3860

Height
1920
2880
1920
960
1920
2160

MPixels
6
9
8
8
12
8

Max tiles
6
9
8
8
12
6

VM FPS
34
23
26
30
25
15

Apache Laptop FPS
45
18
37
31
39
40

Table 27 Results with encoder in TNO-2.3

The above results suggest the following:
 The encoder stage forms a bottleneck for the MCU pipeline.
 The encoder stage (using h264) does not scale well with many cores, instead, having a higher
clock speed results in better throughput overall. However, performance improvements
through the use of the SSE ISEs are not ruled out.
 Using a single row of tiles results in a higher throughput than most multi-row layouts.
Conclusions:
Using the insights from the measurements, we can now provide the following answers to the
research questions:
1. What are the performance bottlenecks of the MCU pipeline?
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From our measurements, it appears that the encoding stage causes a performance bottleneck. This
effect of this bottleneck can be partially softened by increasing the CPU frequency, as opposed to
adding more CPU cores. Enabling SSE ISEs may also improve encoding performance.
2. What is the performance impact of certain mosaic layouts / sizes?
In most cases it seems that have a single-row layout is the fastest.
3. How many simultaneous users can we potentially support?
Even the VM, which has a lower CPU performance than the laptop, can reliably maintain 25 frames
per second for a 12-user mosaic. This suggests that an MCU should be able to support at least 12
single-camera streams, or 6 dual-camera streams.
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6 PILOT 2
Pilot 2 continues the story and plot presented and developed in the first pilot: the mysterious death
of Elena Armova, British socialité. Last time, two suspects were interrogated by the police, since
they were the last persons who saw the victim alive. That was the reason why the scenario and
content of pilot 1 was different for each user.
This time, all users are located in the same environment: a TV set, where a news show is about to
begin. The host will share with the audience the latest news about the murder of Ms. Armova and
he will also invite, live, a technology expert to present a new AI (Artificial Intelligence) technology
that allows police to recreate situations that might or might not have happened.
To know more details about this crime, a special live connection is made with an anchor, which is
located near the crime scene. The anchor will try to talk to the police and know more details
regarding the case and she will ask the police about the possibility of using the new AI technology
to answer all the questions regarding Armova’s death.
Because of this plot and its specifications, a TV set was created to allow all users be placed together
in the same room, emulating a TV show. The following pictures illustrate the previous paragraphs.

Figure 58: Layout of the recreated TV set in Pilot 2

6.1 Scenario and Content Creation
Please refer to D4.3 for all the details regarding the production and post‐production process of the
pilot 2 content. In this section, we provide the list of all the created content, which have been
uploaded to the Zenodo server:
 Presenter_With_Audio.mp4 (https://zenodo.org/record/3264940)
 Reporter_With_Audio.MOV (https://zenodo.org/record/3264970)
 Howard_With_Audio.mp4 (https://zenodo.org/record/3265029)
 VRTogether Pilot 2 TV Set Geometry Unity package (https://zenodo.org/record/3265039)
In addition to this, a showcase video was prepared during March and April 2019 to illustrate the
pilot 1 experience, how it looks like, what is the necessary infrastructure and equipment, how the
experience is evaluated, and the plan towards pilot 2. That video was very valuable as visual support
for running the Focus Groups with the VR professionals, especially for the partners unable to show
a demo of the project. It is also very helpful to illustrate the project contributions and the followed
UX evaluation methodology. The figure below includes some screenshots from the created video.
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Figure 59: Screenshots from the pilot 1 experience video

6.2 Roadmap
In order to guarantee the deliveries needed to run Pilot 2, a so called Pilot 2 Roadmap was put in
place. It includes a detailed planning involving:
 The development of the technology delivered with the Pilot.
 The production plan.
 The preparation of other tasks as requirements and experiments.
The Pilot 2 Roadmap document6 has been divided into Global Tasks and Sub-Tasks, defined by the
leaders and the experts on each area. It also included a timing plan with target dates for the SubTasks and Global tasks, with the goal of preventing delays, and/or creating a recovery plan in case
that critical delays happen.
The Global Tasks have been defined as follows:
 Production Plan
 Requirements process
 Stakeholders Collection
 Experiments planning
 Technological Development
o Architecture and Orchestration
o Point Cloud Pipeline
o TVMs Pipeline
o Web Pipeline
o Network
o 3D Player
Each Global Task has been assigned a partner leader, and it has also been divided into several
corresponding subtasks, each with an ID, responsible company and responsible person in charge of
it. An example of the Requirements Global Task is shown in Table 28.
6

https://docs.google.com/spreadsheets/d/1LWXo9TT2WHDSOZ21KV1FCVoJb1rjeFO38Yn5qlGxMkU/edit#gid=217855430
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Task

ID Sub-Tasks

Responsible Contact Person

Requirements

5 Requirements analysis preparation

i2Cat

Mario,Gianluca

i2CAT

6 Requirements Assessment

All

Mario,Gianluca

7 New Matrix Presentation

i2Cat

Mario,Gianluca

8 Components Analysis

i2Cat

Mario,Gianluca

55 Title Analysis

i2Cat

Mario,Gianluca

56 New Clustering

i2Cat

Mario,Gianluca

57 New Title (to be called Sub-Component)

i2Cat

Mario,Gianluca

58 Define the open values (marked as TBD)

i2Cat

Mario,Gianluca

53 New Requirements from the experiments

i2Cat, CWI

Mario,Francesca

54 Architecture Requirements gathering

VO

Vincent

59 Requirements Assessment (Peer review)

i2Cat

Mario,Gianluca

60 Requirements Official Update

i2Cat

Mario, Gianluca

Table 28: Example of a Global Task and its division into Sub-Tasks

The planning, in terms of timing, has been defined for each Sub-Task dividing the temporal timeline
into Calendar Weeks (and the corresponding numbers) using the ISO week date method 7. Every
task has a defined beginning and end, as well as dependencies with/from other tasks. The progress
of each task has been tracked weekly, thanks to the continuous report provided by each responsible.
An example can be shown in Table 29.
SubTasks CW 09

CW 10

CW 11

CW 12

CW 13

CW 14

CW 15

CW 16

CW 17

CW 18

CW 19

5

DONE

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

6

TBD

DONE

DONE

DONE

TBD

TBD

TBD

TBD

TBD

TBD

TBD

7

TBD

TBD

DONE

DONE

TBD

TBD

TBD

TBD

TBD

TBD

TBD

8

DELAYED

DELAYED

FINAL
DELIVERY

55

DELAYED

DELAYED

FINAL
DELIVERY

56

DELAYED

DELAYED

FINAL
DELIVERY

57

DELAYED

DELAYED

FINAL
DELIVERY

Table 29: Example of the timing plan for a set of Sub-tasks

When a delay in the delivery of a global task has been identified, the affected Sub-tasks have been
analysed and have been included in a specific recovery plan. The specific definition of the Recovery
Plans can be found in the tab “Pilot 2 Delivery Recovery Plan” within the mentioned Pilot2 Roadmap
document.
Thanks to the tasks definition and their planning, the consortium have provided a full tracking of
all the tasks needed to run Pilot 2. It has been also very useful to identify critical delays, prepare a
specific plan to address each issue, and re-define the tasks in a more agile way. This additionally
will contribute to a better plan towards Pilot 3.

7

https://en.wikipedia.org/wiki/ISO_week_date
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6.3 Evaluation with End Users
This section reports on the pilot with end users to be conducted, using the VR-Together
technological components and content produced in year 2 of the project. In particular, the section
provides details about the evaluation goals and setup (system configuration and type of content)
in these tests, and the protocol for the evaluation, paying special attention to the subjective
evaluation.

6.3.1 Goals
The pilots are checkpoints to evaluate the creative and technical challenges of the project, aiming
at:
1) assessing the performance of the technological developments;
2) validating and refining the defined evaluation methodology;
3) assessing the appropriateness of the technology and created scenarios / content to provide
truly realistic and interactive social VR experiences.
Pilot 1 was focused on a 2-participant scenario with stored content, and aimed at evaluating the
potential of the contributions of the project to offer not only a feeling of being there (immersion),
but also a feeling of being there together, intimacy and closeness (togetherness) between the
participants.
Pilot 2 continues the same storyline, but it is more focused on integrating more than two users and
a live factor (the news presenter). The live factor also adds an extra level of interaction, with the
ability to talk with the live presenter and to control the presentation of media assets based on the
dynamics of the conversation.

6.3.2 Setup
The pilot 2 tests with end users were conducted in the i2CAT node, located in a Living Lab in
Barcelona (see Figure 60). The experience happens in a virtual TV set (see deliverable D4.3), with a
presenter, up to 4 participants (with a volumetric representation, using Time Varying Meshes (TVM)
or Point Clouds (PC), and a big screen that shows interviews with experts in outside locations where
the crime happened. Figures of how the pilot 2 scenario looks like are included in Section 6.1.

Figure 60: Living Lab where the VR-Together experiments for pilot 2 where conducted
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In terms of the 3D environment, the most challenging part was to integrate the presenter in the
virtual TV set. The following figures show how such integration looks like. The figure at the top
shows the integration of a recorded version of a professional actor. The figures at the bottom show
the live capture of an actor from a Chroma key room and his integration in the VR scenario. The
first one can be used for those situations in which a live presenter cannot be present or live
captured, thus providing a fallback solution for showcasing simpler demos, with the same concept,
but less required resources. The second one provides a more realistic and interactive experience,
and requires of a Chroma key room, where a stereoscopic camera and a PC are used for controlling
the streaming session and the interactive presentation of content.

Figure 61: Integration of the presenter in the pilot 2 scenario (up: pre-recorded version of an actor; down: live capture
from a Chroma key room)

The pilot 2 experience was presented to pairs of users, as for pilot 1, but also including the live
presenter. Concretely, a researcher from the VR-Together team played the role of the presenter.
The two participants in the experiments were represented as TVMs, were in the same physical
room during the tests at the i2CAT node (see Figure 62). Pilot actions involving a higher number of
users and different VR-Together labs are envisioned for the third year of the project. In Figure 62,
the picture on the left shows two sitting users experiencing the pilot 1, and the picture on the right
shows two standing users experiencing the pilot 2. The rooms had no background / surrounding
noise. Each user was equipped with an Oculus Rift, with an integrated microphone for the audio
interaction, and noise-cancelling headphones to experience the spatial audio (from the other user).
A laptop was also used to record the audio and video from each participant via its integrated
webcam and microphone.
The platform architecture for pilot 2, the available infrastructure and lab nodes have been detailed
in previous deliverables, like D2.3. Two additional novel aspects of the pilot 2 setup compared to
the one for pilot 1 should be mentioned:
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The capturing setup is new. Pilot 2 uses four Intel RealSense cameras and the evolved
version of the TVM pipeline developed in year 2 for generating the TVM representation of
the end users;
Pilot 2 uses the Orchestrator component, which was developed during the second year.
This means that both the control as well as the media data streams data are exchanged
through the Orchestrator (deployed in France).

Figure 62: Setup of the pilot 2 tests: pilot 1 experience (left) and pilot 2 experience (right)

6.3.3 Evaluation Protocol and Procedure
The evaluation metrics and materials for pilot 2 have been described in Section 2. The designed
questionnaire and interviews have been just slightly re-phrased in few question items compared to
the ones used in pilot 1 to address the new characteristics of pilot 2: live factor, more than 2
participants, and the TV news / broadcast use case.
The measurement of objective performance metrics for a variety of tests conditions (number of
users, content formats, involved lab nodes…) is also planned for the third year of the project.
As the two pilot experiences are interconnected, and the pilot 2 experience is the continuation of
the pilot 1 experience, the participants were presented with both experiences, starting always with
pilot 1, as it is the first episode of the connected story. On the one hand, this allows a better
understanding of the story plot. On the other hand, this allows a potential comparison between
both pilot experiences.
The participants were recruited based on the following criteria:
 They had to be older than 18 years old.
 They needed to have a good English level.
 They had to know each other.
The evaluation protocol and procedure were similar than the ones for pilot 1, but adding a new
pilot experience (each with its own Experience questionnaire) and a Simulation Sickness
questionnaire to be filled in before and after each experience. They are summarized next:
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Step 1 (~10min). The facilitators welcome the participants, and briefly describe the project, the
story and evaluation process to them.
After the explanations, the participants are asked to fill in:
 A Background Info Questionnaire
 A Consent Form
 A Societal Anxiety Questionnaire
 A Simulation Sickness Questionnaire
This evaluation material is exactly the same as in pilot 1, with the addition of the Simulation
Sickness Questionnaire.
The participants are informed that their participation is voluntary, and that they can stop the
experiment at any time, if they would like to do so for whatever reason.
Step 2 (~5min). The participants are brought to the lab room. Once arriving there, they are
equipped with the HMD and audio headset, with the help of the facilitator(s) if needed.
Step 3 (~10min). When all the involved participants are ready, the facilitators launch the pilot 1
experience.
The participants are instructed to feel free to interact and talk to each other before, during and
after the pilot experience. The process is almost the same than for pilot 1, but leveraging the
features provided by the Orchestrator for launching the experience from remote nodes.
Step 4 (~2min): With the help of the facilitator(s), the participants step out of VR, and are brought
to a meeting room with a round table.
Step 5 (~10min): The participants will fill in the Simulation Sickness questionnaire and the
Experience questionnaire for pilot 1.
Step 6 (~5min). The participants are brought again to the lab room. Once arriving there, they are
equipped with the HMD and audio headset, with the help of the facilitator(s) if needed.
Step 7 (~10min). When all the involved participants are ready, including the live presenter, the
facilitators launch the pilot 2 experience.
The pilot 2 experience can be summarized in the next steps:
 An initial phase is added to let the participants becoming familiar with the created VR
scenario and experience before the show actually starts.
 Pilot 2 experience:
o TV Show starts (headers…)
o The presenter starts speaking
o Scenes from the crime scene location are shown, zoomed…
o Presenter and scenes from the big screen disappear
 A final phase is added to let the participants having extra time to interact within the shared
VR environment and to explore it.
Step 8 (~2min): With the help of the facilitator(s), the participants step out of VR, and are brought
to a meeting room with a round table.
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Step 9 (~10min): The participants will fill in the Simulation Sickness questionnaire and the
Experience questionnaire for pilot 2.
Step 10 (~15min): The facilitators coordinate a semi‐structured interview and discuss about the
two experiences with the participants. The interview was recorded.
Step 11 (1min): The facilitators thank the participants and say goodbye to them.
Overall, each test session takes between 60 and 90 minutes.
The questionnaires and forms employed in Pilot 2 are included in Annex V.

6.3.4 Results
In this sub-section, the participants sample and results are reported.
Sample and Participants’ Data
The pilot 2 tests were divided into two phases:
 Phase 1) tests conducted in November 2019, before the year 2 review, with 16 participants;
and
 Phase 2) tests conducted in February 2020, after the year 2 review, with 24 participants.
As the test conditions, stimuli and methodology were the same in both phases, the results are
presented jointly. Overall, 40 participants took part in the tests, experiencing with the pilot 1 and
2 demos.
Next, background information about the participants is provided:
 Aged between 18 and 60 years (average = 31, standard deviation = 11.61)
 28 males and 12 females
 1 was left handed, 38 were right handed, and 1 was ambidextrous
 One participant wore cochlear implants, but stated to hear quite well with headphones.
None of the rest expressed to have audio-visual impairments
The participants were also asked about their skills using computers and their previous experience
in VR:
 1 participant stated to be novice, 16 intermediate and 23 experts regarding the use of
computers.



10 participants stated not having previous experience in VR, 25 affirmed to have some
experience, and 5 expressed to be very experienced. The VR products being used in the
past by participants are indicated in Figure 63 (multiple answer option). When referring to
Other products, Oculus Go, Oculus Quest and cardboards with smartphones were the most
frequently indicated options by the participants.
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Figure 63- VR products with which participants had previous experience

Finally, the participants / pairs were asked about their relationships to better understand, and
potentially correlate, their behavior in the VR environment and their willingness to enjoy this kind
of shared experiences:
• 8 pairs indicated to be friends, while the other 12 stated to be colleagues (including
classmates in this category).
• 2 pairs indicated to know each other since 4 years ago or more, 4 since 1-3 years ago, and
14 since less than 1 year ago.
• Regarding their main contact method (multiple option answer), all the participants
indicated face-to-face, but additionally email was indicated by 9 pairs, Social Media (mainly
Facebook and WhatsApp) by 4 pairs, and phone call by 3 pairs.
• Similarly, talk to each other was indicated to be the main shared activity to maintain the
relationship for all participants, but other activities were additionally indicated (multiple
option answer), such as: use cooperation tools, like Slack and WhatsApp (11 pairs), have a
drink (6 pairs), and play computer games (2 pairs).
After the final interviews, participants were asked about their willingness to participate in future
related tests. All of them shown interest in participating.
Results from Experience Questionnaire
After each pilot experience, each pair was asked to complete the Experience Questionnaire, which
included questions about their emotions, feelings, perception and opinion regarding crucial aspects
of VR-Together (see Figure 64), categorized as (more details in Section 2):
• quality of interaction (including emotional experience, quality of the communication, and
naturalness of the communication)
• social connectedness (including feeling of togetherness, feel of emotional closeness, and
enjoyment of the relationship)
• presence / immersion (including plausibility and place illusion…)
• additional issues (realism, how much the contents like to the users…)
Most of the question items for each part of the questionnaire had to be answered by using a 5level likert scale, with the potential answers detailed in Table 30. The acronyms in that table are
then used in the next tables providing the results from each part of the Experience Questionnaire.
For the sake of comparison, such tables include the results for pilot 1 content with the year 1
technology, for pilot 1 content with year 2 technology (evolved TVM pipeline, use of RealSense
sensors, and use of Orchestrator), and for the pilot 2 experience. The sum and average of results
for each question item, for each pilot experience are also provided. These values are not meant to
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indicate any significant differences between the scores for each pilot experience, but to provide a
rough indicate of the similarity of results for each pilot experience and of how good/bad they are.

Figure 64- Evaluated aspects in the Experience Questionnaire.

Acronym
TD
PD
NN
PA
TA

Meaning
Totally Disagree
Partially Disagree
Neither Agree nor Disagree
Partially Agree
Totally Agree

Assigned Score
1
2
3
4
5

Table 30 - Acronyms used in (the first row) of Table 15.

Part 1. Quality of Interaction
Pilot Experience
TD
PD
NN
PA
TA
Q2. “I was able to feel my partner’s emotion while watching the contents.”
P1 (year 1)
0
4
8
17
1
(13.3%)
(26.7%)
(56.7%)
(3.3%)
P1 (year 2)
0
3
14
22
1
(7.5%)
(35%)
(55%)
(2.5%)
P2
0
1
13
22
4
(2.5%)
(32.5%)
(55%)
(10%)
Q3. “I was sure that my partner often felt my emotion.”
P1 (year 1)
2
4
11
10
3
(6.7%)
(13.3%)
(36.7%)
(33.3%)
(10%)
P1 (year 2)
0
5
22
13
4
(12.5%)
(55%)
(32.5%)
(10%)
P2
0
1 (2.5%)
23 (57.5%) 11 (27.5%)
5 (12.5%)

SUM

Avg

105

3.5

141

3.525

149

3.725

98

3.27

133

3.325

140

3.5

Q4. “The experience of watching the contents with my partner seemed natural.”
P1 (year 1)
0
1
9
14
6
115
(3.3%)
(30%)
(46.7%)
(20%)
P1 (year 2)
0
4
14
19
3
151
(10%)
(35%)
(47.5%)
(7.5%)
P2
0
3
14
20
3
152
(7.5%)
(35%)
(50%)
(7.5%)
Q5. “The actions used to interact with my partner were similar to the ones in the real world.”
P1 (year 1)
0
4
11
10
5
106
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(13.3%)
(36.7%)
(33.3%)
(16.7%)
5
11
19
5
(12.5%)
(27.5%)
(47.5%)
(12.5%)
P2
0
5
10
18
7
(12.5%)
(25%)
(45%)
(17.5%)
Q6. “It was easy for me to contribute to the conversation with my partner.”
P1 (year 1)
0
1
2
15
12
(3.3%)
(6.7%)
(50%)
(40%)
P1 (year 2)
0
1
5
24
8
(2.5%)
(12.5%)
(60%)
(20%)
P2
0
0
4
16
20
(10%)
(40%)
(50%)
Q7. “The conversation with my partner seemed highly interactive.”
P1 (year 1)
2
2
7
14
5
(6.7%)
(6.7%)
(23.3%)
(46.7%)
(16.7%)
P1 (year 2)
0
3
9
23
5
(7.5%)
(22.5%)
(57.5%)
(12.5%)
P2
0
0
6
22
11
(15%)
(55%)
(27.5%)
Q8. “I could readily tell when my partner was listening to me.”
P1 (year 1)
0
7
1
17
5
(23.3%)
(3.3%)
(56.7%)
(16.7%)
P1 (year 2)
0
1
8
24
7
(2.5%)
(20%)
(60%)
(17.5%)
P2
16
18
3
1
0
(40%)
(42.5%)
(12.5%)
(2.5%)
Q9. “I found it difficult to keep track of the conversation.”
P1 (year 1)
5
7
13
5
0
(16.7%)
(23.3%)
(44.3%)
(16.7%)
P1 (year 2)
6
18
14
2
0
(15%)
(45%)
(35%)
(5%)
P2
16
18
3
1
0
(40%)
(42.5%)
(12.5%)
(2.5%)
Q10. “I felt completely absorbed in the conversation.”
P1 (year 1)
0
1
9
14
6
(3.3%)
(30%)
(46.7%)
(20%)
P1 (year 2)
0
1
10
21
8
(2.5%)
(25%)
(52.5%)
(20%)
P2
0
0
9
21
10
(22.5%)
(52.5%)
(25%)
Q11. “I could fully understand what my partner was talking about.”
P1 (year 1)
0
0
2
14
14
(6.7%)
(46.7%)
(46.7%)
P1 (year 2)
0
0
1
21
18
(2.5%)
(52.5%)
(45%)
P2
0
0
1
20
19
(2.5%)
(50%)
(47.5%)
Q12. “I was very sure that my partner understood what I was talking about.”
P1 (year 1)
0
1
4
16
9
(3.3%)
(13.3%)
(50.3%)
(30%)
P1 (year 2)
0
0
4
24
12
(10%)
(60%)
(30%)
P2
0
0
3
24
12
(7.5%)
(62.5%)
(30%)
Q13. “I often felt as if I was all alone while watching the contents.”
P1 (year 2)

0
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141

3.525

152

3.8

125

4.16

161

4.025

180

4.5

118

3.93

150

3.75

151

3.775

110

3.67

148

3.7

151

3.775

78

2.6

92

2.3

71

1.775

115

3.83

157

3.925

161

4.025

132

4.4

177

4.425

178

4.45

123

4.1

168

4.2

169

4.225
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P1 (year 1)

6
12
7
5
(20%)
(40%)
(23.3%)
(16.7%)
P1 (year 2)
7
27
5
1
(17.5%)
(67.5%)
(12.5 %)
(2.5 %)
P2
17
22
1
0
(42.5%)
(45%)
(2.5 %)
Q14. “I think my partner often felt alone while watching the contents.”
P1 (year 1)
5
9
11
5
(16.7%)
(30%)
(36.7%)
(16.7%)
P1 (year 2)
5
22
9
3
(12.5%)
(55%)
(22.5%)
(7.5%)
P2
17
20
3
0
(42.5%)
(50 %)
(7.5%)

0

71

2.37

0

80

2

0

64

1.6

0

76

2,53

0

90

2.25

0

66

1.65

Table 31: Results from Experience Questionnaire (Pilot 1 and Pilot 2): Quality of Interaction Part

Part 2. Social Connectedness
Pilot
TD
PD
NN
PA
TA
SUM
Avg
Q15. “I often felt that my partner and I were sitting together in the same space.”
P1 (year 1)
1
3
6
11
9
114
3,8
(3.3%)
(10%)
(20%)
(36.7%)
(30%)
P1 (year 2)
0
1
6
24
9
161
4.025
(2.5%)
(12.5%)
(60%)
(17.5%)
P2
0
0
2
25
13
171
4.275
(5%)
(62.5%)
(32.5%)
Q16. “I paid close attention to my partner.”
P1 (year 1)
0
2
13
13
3
110
3.666
(6.7%)
(43.3%)
(43.3%)
(10%)
P1 (year 2)
0
2
15
17
6
147
3.675
(5%)
(37.5%)
(42.5%)
(15%)
P2
0
2
12
19
7
150
3.75
(5%)
(30%)
(47.5%)
(17.5%)
Q17. “My partner was easily distracted when other things were going on around us.”
P1 (year 1)
1
9
11
6
3
91
3.033
(3.3%)
(30%)
(16.7%)
(20%)
(10%)
P1 (year 2)
0
12
16
7
2
113
2.825
(30%)
(40%)
(15%)
(5%)
P2
0
4
11
19
6
106
2.65
(10%)
(27.5%)
(47.5%)
(15%)
Q18. “I felt that watching the contents together in VR enhanced our closeness.”
P1 (year 1)
1
0
8
15
6
115
3.833
(3.3%)
(26.7%)
(50%)
(20%)
P1 (year 2)
0
2
8
24
6
154
3.85
(5%)
(20%)
(60%)
(15%)
P2
0
2
7
25
6
156
3.9
(5%)
(17.5%)
(62.5%)
(15%)
Q19. “Watching the contents together created a good shared memory between me and my partner.”
P1 (year 1)
1
2
5
18
4
112
3.73
(3.3%)
(6.7%)
(16.7%)
(60%)
(13.3%)
P1 (year 2)
0
1
6
26
7
159
3.975
(2.5%)
(15%)
(65%)
(17.5%)
P2
0
1
6
25
8
160
4
(2.5%)
(15%)
(62.5%)
(20%)
Q20. “I derived little satisfaction from the content watching experience with my partner.”
P1 (year 1)
3
5
12
7
3
92
3.06
(10%)
(16.7%)
(40%)
(23.3%)
(10%)
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P1 (year 2)

4
15
17
4
0
101
2.525
(10%)
(37.5%)
(42.5%)
(10%)
P2
4
16
16
4
0
100
2.5
(10%)
(40%)
(40%)
(10%)
Q21. “The content watching experience with my partner felt superficial.”
P1 (year 1)
1
17
8
4
0
79
2.63
(3.3%)
(56.7%)
(26.7%)
(13.3%)
P1 (year 2)
4
18
15
3
0
99
2.475
(10%)
(45%)
(37.5%)
(7.5%)
P2
5
18
16
1
0
94
2.35
(12.5%)
(45%)
(40%)
(2.5%)
Q22. “I really enjoyed the time spent with my partner.”
P1 (year 1)
0
1
3
15
11
126
4.2
(3.3%)
(10%)
(50%)
(36.7%)
P1 (year 2)
0
0
3
24
13
171
4.275
(7.5%)
(60%)
(32.5%)
P2
0
0
1
24
15
175
4.375
(2.5%)
(60%)
(37.5%)
Q24. “In the virtual world I had a sense of ‘being there’.”
P1 (year 1)
0
0
6
16
8
122
4.06
(20%)
(53.3%)
(26.7%)
P1 (year 2)
0
0
7
23
10
163
4.075
(17.5%)
(57.5%)
(25%)
P2
0
0
5 (12.5%)
24 (60%)
11 (27.5%)
166
4.15
Q25. “Somehow I felt that the virtual world was surrounding me and my partner.”
P1 (year 1)
0
1
6
15
8
120
4
(3.3%)
(20%)
(50%)
(26.7%)
P1 (year 2)
0
0
7
25
8
161
4.025
(17.5%)
(62.5%)
(20%)
P2
0
0
4
27
9
165
4.125
(10%)
(67.5%)
(22.5%)
Q26. “I had a sense of acting in the virtual space, rather than operating something from outside.”
P1 (year 1)
0
1
12
12
5
110
3.67
(3.3%)
(40%)
(40%)
(16.7%)
P1 (year 2)
0
1
12
21
6
152
3.8
(2.5%)
(30%)
(52.5%)
(15%)
P2
0
1
11
22
7
154
3.85
(2.5%)
(27.5%)
(55%)
(17.5%)
Q27. “My content watching experience in the virtual environment seemed consistent with a real world
experience.”
P1 (year 1)
0
1
11
17
1
108
3,6
(3.3%)
(36.7%)
(56.7%)
(3.3%)
P1 (year 2)
0
1
17
18
4
145
3.625
(2.5%)
(42.5%)
(45%)
(10%)
P2
0
0
15
20
5
150
3.75
(37.5%)
(50%)
(12.5%)
Q28. “I did not notice what was happening around me in the real world.”
P1 (year 1)
0
3
5
13
9
118
3.933
(10%)
(16.7%)
(43.3%)
(30%)
P1 (year 2)
0
1
10
18
11
157
3.925
(2.5%)
(25%)
(45%)
(27.5%)
P2
0
2
10
16
12
158
3.95
(5%)
(25%)
(40%)
(30%)
Table 32: Results from Experience Questionnaire (Pilot 1 and Pilot 2): Social Connectedness Part

Part 3. Presence / Immersion
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Questions
TD
PD
NN
PA
TA
SUM
Avg
Q29. “I felt detached from the outside world while watching the contents.”
P1 (year 1)
0
2
7
12
9
118
3.933
(6.7%)
(23.3%)
(40%)
(30%)
P1 (year 2)
0
2
10
18
10
156
3.9
(5%)
(25%)
(45%)
(25%)
P2
0
2
9
19
10
158
3.95
(5%)
(22.5%)
(47.5%)
(25%)
Q30. “At the time, watching the contents with my partner was my only concern.”
P1 (year 1)
0
4
9
7
10
113
3,76
(13.3%)
(30%)
(23.3%)
(33.3%)
P1 (year 2)
0
3
12
16
9
151
3.775
(7.5%)
(30%)
(40%)
(22.5%)
P2
0
3
13
14
10
151
3.775
(7.5%)
(32.5%)
(35%)
(25%)
Q31. “Everyday thoughts and concerns were still very much on my mind.”
P1 (year 1)
5
6
11
6
2
84
2.8
(16.7%)
(20%)
(36.7%)
(20%)
(6.7%)
P1 (year 2)
5
10
17
7
1
109
2.725
(12.5%)
(25%)
(42.5%)
(17.5%)
(2.5%)
P2
5
11
17
6
1
107
2.675
(12.5%)
(27.5%)
(42.5%)
(15%)
(2.5%)
Q32. “It felt like the content watching experience took shorter time than it really was.” [Duration of content
was indicated]
P1 (year 1)
0
2
3
11
14
125
4.167
(6.7%)
(10%)
(36.7%)
(46.7%)
P1 (year 2)
0
1
4
23
12
166
4.15
(2.5%)
(10%)
(57.5%)
(30%)
P2
0
1
4
22
13
167
4.175
(2.5%)
(10%)
(55%)
(32.5%)
Q33. “When watching the contents with my partner, time appeared to go by very slowly.”
P1 (year 1)
11
6
9
2
2
68
2.26
(36.7%)
(20%)
(30%)
(6.7%)
(6.7%)
P1 (year 2)
10
16
12
2
0
85
2.125
(25%)
(40%)
(30%)
(5%)
P2
10
17
11
2
0
83
2.075
(25%)
(42.5%)
(27.5%)
(5%)
Table 33: Results from Experience Questionnaire (Pilot 1 and Pilot 2): Presence / Immersion Part

Questions
TD
PD
Q34. “I liked the created VR contents.”
P1 (year 1)
0
0

NN

Extra Questions
PA

TA

2
11
17
(6.7%)
(36.7%)
(56.7%)
P1 (year 2)
0
0
2
17
21
(5%)
(42.5%)
(52.5%)
P2
0
0
1
17
23
(2.5%)
(40%)
(57.5%)
Q35. “The created VR contents are realistic (i.e. resemble a real scenario).”
P1 (year 1)
1
0
2
23
4
(3.3%)
(6.7%)
(77.7%)
(13.3%)
P1 (year 2)
0
0
3
30
7
(7.5%)
(75%)
(17.5%)
P2
0
0
2
29
9
(5%)
(72.5%)
(22.5%)

D.4.4 – Technical Report on Second Pilot

130

SUM

Avg

135

4.5

180

4.5

183

4.575

119

3,97

164

4.1

167

4.175
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Q36. “The spatiality in the VR scenario (i.e. perceived distances and sizes of elements, including the
participants' bodies) is consistent with a real-life scenario.”
P1 (year 1)
0
1
10
11
8
116
3,87
(3.3%)
(33.3%)
(36.7%)
(26.7%)
P1 (year 2)
0
1
9
20
10
159
3.975
(2.5%)
(22.5%)
(50%)
(25%)
P2
0
0
8
22
10
162
4.05
(20%)
(55%)
(25%)
Q37. “Having more than 2 users in a shared virtual environment provides n added-value to the social VR
experience”
P2
0
0
3
22
15
173
4.325
(17.5%)
(55%)
(37.5%)
Q38. “Having a remote presenter / actor in real-time provided added-value to the social VR experience”
P2
0
0
8
22
10
162
4.05
(20%)
(55%)
(25%)
Table 34: Results from Experience Questionnaire (Pilot 1 and Pilot 2): Extra Questions Part

From the results of Table 31, it can be affirmed that the VR-Together platform and pilot 2 content
provided a satisfactory quality of interaction to the participants. This is mainly supported by the
high scores for the items related to the naturalness and understanding of the conversations, and
to the feeling of not being alone in the VR environment.
From the results of Table 32, it can be affirmed that the VR-Together platform and pilot 2 content
provided a satisfactory social connectedness to the participants. This is mainly supported by the
high scores for the items related to the feeling of being together in the same space, low level of
distraction by “real world” issues, high immersion, and having enjoyed the shared experience.
From the results of Table 33, it can be affirmed that the VR-Together platform and pilot 2 content
provided a satisfactory level of immersion / presence, with most of the participants stating to felt
detached from the real world, engaged with and absorbed in the VR story, and declaring to have
had the feeling that the experience took shorter than its real duration.
Finally, from the results of Table 34, it can be affirmed that the participants liked very much the
created contents, declaring to be realistic and immersive. Interestingly, participants were very
satisfied with the two main novel features of pilot 1: ability to have more than 2 users, and ability
to interact with elements of the VR environment (live presenter).
Apart from the questions in the previous tables, two additional questions were included in the
Experience Questionnaire, Q1 and Q23. On the one hand, Q1 consisted of asking the participants
about their emotions and their partners’ emotions, by using a diagram with 8 types of emotions (4
positive and 4 negative ones), with a scale 0-100. Table 35 shows the results from such a question
for the pilot 2 experience. In general, it seems that participants experienced more positive than
negative emotions, due to the higher scores received and to a more frequent reporting for the
“positive” emotions. Interestingly, it seems that the participants generally felt that their partners
were happier, more relaxed and calmer than themselves. Similarly, slight differences between
scores reflect that participants might felt that their partners were less tense and nervous compared
to themselves. This could be due to the fact that the participant felt tense or pressure about what
to say or how to behave / react during the shared VR experience. However, this feeling was not
explicitly expressed by participants, neither in Q1 nor in the final interviews.
Emotion

Own Emotions
Avg. Value Std. Value Nº Answers
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Exited/Lively
Cheerful/Happy
Relaxed/Carefree
Calm/Serene
Bored/Weary
Gloomy/Sad
Irritated/Annoyed
Tense/Nervous

74.14
75.57
78.19
79.64
15.17
8.92
9.28
28.23

17.4
11.89
16.91
17.99
7.07
5.05
6.77
14.08

25
27
24
24
14
14
15
23

73.12
78.89
79.21
83.28
21.43
14.28
11.9
27.8

11.49
12.55
18.02
10.95
11.95
14.28
9.52
26.19

25
25
26
22
12
12
12
19

Table 35- Reported Levels of Emotions.

On the other hand, Q23 asked about how emotionally close to the partner did each partner feel,
using a 7-point scale with two circles separated by different distances (from separated to totally
overlapped), as seen in the table below. From the results, it seems that participants did feel neither
too far nor completely overlapped. Instead, they reported on different levels of closeness with
different amount of overlapping, which is a sign of the feeling of togetherness and intimacy
(although with different intensity). Three key characteristics of pilot 2 could contribute to different
scores for the feeling of closeness in the two pilots: ability to interact with the VR environment
(presenter), more chances to interact with the other participant and the presenter (explicit
questions to them were asked), and the lower distance between the participants in the VR
environment.

P1
(year 1)
P1
(year 2)
P2

0

4

11

7

2

5

1

2

8

17

8

2

3

0

3

7

12

11

6

1

0

Table 36: Emotional closeness between participants.

Simulation Sickness
No significant effects on simulation sickness were reported by the participants. This was confirmed
during the semi-structured interviews when asking explicitly about this. None of the participants
stated to have felt dizziness and got tired as a result of experiencing with the pilot contents.
Semi-Structured Interviews
After having finished the two pilot experiences and filled in the associated questionnaires, the pairs
participated in a semi-structured interview with projects researchers. The audio recordings of the
semi-structured interviews were transcribed and coded, following an open coding approach [1].
Since the interviews were conducted with the two participants together for each pair, their answers
were transcribed and coded as a participant pair, not as individual participants. Therefore, the 20
participant pairs are hereafter labelled as P1-P20. From the coded transcripts, several themes
emerged, for which we elaborate further next.
Benefits and Potential of Social VR
All participants thought that the Social VR platform enabled them to experience "social presence".
First, they felt identified with the end-users’ representations, both with their own and the other’s
representations. “The quality is not great, but it is impressive to see yourself and your partner as
part of the VR environment, in a volumetric representation”, P12 said. “I could even see my watch
/ the pictures on my T-shirt”, participants from P3 and P11 stated. A few participants also pointed
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out that although the end-users’ reconstructions provide natural interactions (50%), the facial
expressions were partially blocked by the visual quality and the HMD occlusion (30%).
The participants generally felt "being together" with the other participant, which enriched the
overall experience. P2 and P4 stated “We felt together, sharing an experience, and this is really an
added value to VR!”. P7 mentioned: “We were aware of the activities and feelings of the other
participant”. Two key factors affected to the feelings of “presence” and “social connectedness”
when comparing the pilot 1 experience to the pilot 2 one: the distance between participants and
the posture. On the one hand, the shorter distance in the pilot 2 experience seemed to increase
the feeling of togetherness. “In pilot 1, the distance between us was quite large. You know that
your colleague is there but, as you are sitting, you feel a bit limited. However, in pilot 2 we were
much closer and standing. This gives the feeling that you are actually together in the same
environment, and that you are free to move”, P3 and P14 stated. However, the distance influenced
the noticeability of the visual artefacts for the end-users’ representations. This was pointed out by
the majority of participants (70%). Three pairs (P5, P6, and P16) claimed: “Having your colleague
closer is great, but then you realize to a greater extend of the limitations in the visual quality of
her/his representation”. P18 said: “When your partner is closer, it also becomes clearer that the
she/he is wearing the HMD, and thus that you cannot see her/his face”. Participants generally
expressed that having eye contact is important, but that the lack of it – because of the HMD
blocking – is not a major barrier for a rich interaction and enjoyable experience (50%).
The participants also found the VR environment and the created content immersive and realistic.
P1, P3, P7, P19 said “Both the interrogation rooms and the TV set were realistic and consistent with
the real world”. “The interrogation room in pilot 1 was a bit big, especially with regard to the
distance between us and the distance to the mirror, but then it was better in pilot 2”, stated by P6
and P13. “The high quality and realism of the VR environment help you to feel immersed in the
experience, and part of the story”, P3 and P19 added. “It was like having subtitles in real life”, P2
mentioned, referring to the pilot 1 experience. “The suspects (pilot 1) and the presenter (pilot 2)
were talking to and pointing at you. This makes you feeling part of the story”, stated by many pairs.
“This is like being inside and being part of a TV program!”, P9 and P15 highlighted referring to pilot
2. “The presenter and reporter looked very well integrated in the TV set. You felt like if you were
where the news were actually happening”, stated by P3 and P13.
The participants in general felt comfortable in the virtual environment. The comfort level seemed
to be higher in the pilot 2 experience, due to the minor distance between the participants and the
standing posture. “As the experience is not too long, a standing posture gives the feeling of higher
freedom and that you can move around”, P5 and P14 said. A few participants (10%) mentioned to
had felt a bit tense at the first contact with the Social VR platform (i.e. start of pilot 1 experience),
because of the uncertainty, but then they rapidly felt more relaxed.
Besides the experience of immersion and social presence, the quality of communication was found
satisfactory in general. Even though the visual quality for the end-users’ reconstruction has room
for improvement, being able to see themselves in VR was a fascinating feature for the participants.
“The visual communication was not so high quality, but it was a fascinating feature to see my full
body and clothing”, P4, P9 and P20 stated. “Despite of noticeable artefacts and not so fluent
movements, we could fully recognize ourselves”, P8 and P10 mentioned. “The quality of my
partner’s representation seemed better than mine, and the artefacts were less noticeable in pilot
1 experience”, stated by P2 and P10. “The delays for the end-users’ reconstruction was noticeable
for some gestures, but it was not a barrier for an effective communication”, stated P3. The quality
of the audio communication and the spatial audio effects were perceived as satisfactory by the
participants, and good enough to feel immersed. “You could perceive the spatial audio effects,
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especially in the pilot 2 experience, where different speakers from different positions were active
at different times”, P2 and P13 stated. In general, the interactions between the participants were
perceived as natural. “The interaction was natural, but it is not identical as in real life scenarios:
you’re wearing an HMD with cables, and you’re experiencing a novel medium, not so common for
us yet”, P15 stated. Around 90% of the participants stated that the audio-visual interactions
enabled them to sense the emotions of their partners to a certain degree. "We were able to feel
the emotions and our excitement”, P6 stated. “You don’t have a full sensing of the emotions, but
you can infer them from the audio communications and visual gestures”, stated by P9, P11 and P18.
“It is not always possible to tell the emotions from the expressions, especially when you cannot see
the faces", stated by P1 and P16.
All participants believed that the photo-realistic representations for the end users can help
maintain, strength, and even create new, relationships in life. P3, P7 and P12 stated, "It is a very
innovative and useful solution. We have friends and family members living apart. This would enable
us to meet and share experiences, overcoming distance barriers, and saving time". In general,
participants believe that these systems can be applied to interact with both known people and new
contacts, although the use of avatars was also considered convenient for the latter cases, especially
when personal relationships are not so important, to overcome shyness, and/or to provide a higher
privacy. Suggested applicability use cases for this Social VR technology are enumerated later.
Many participants (35%) affirmed it was an amazing experience for them, and that Social VR can
be a powerful tool to evade from the real world in certain situations (20%). Indeed, many
participants (55%) were keen to know more about the VR story presented to them, and all of them
indicated their willingness to participate in the tests related to the third part of the story (pilot 3).
Missing aspects / Weaknesses in Social VR
Most participants (90%) would like to be provided with an improved visual quality for the end-users’
representations. Having more fluid movements (i.e. higher frame rates) was mentioned by 50%,
and having faster reactions (i.e. lower delays) was mentioned by 35% of the participants, as aspects
to be improved in the future. The limitations related to the visual quality of the end-users’
representations have been already mentioned, so the lack of higher quality for this was also
identified as a missing aspect. “I felt identified with my self-representation, and also could easily
recognize my partner. But I know him. This level of quality may not be enough for unknown people,
or for professional use cases”, as stated by P4. “The quality of the end-users’ representation should
improve in the future”, declared by P5, P11, P13 and P18.
Integration of multi-sensory stimuli, like scents (10%) and especially haptic feedback (75%), was
identified as a missing aspect. P4, P10 and P13 “It would be great if you could touch things, and if
the haptic interactions indeed have an effect on the VR environment or story”.
80% of participants would like to move freely in VR (e.g., 6DoF). “It would be great if you could
move around, get closer to other elements and participants in the shared environment”, stated by
P2 and P11. “If you can move close to each other, then the interactions could be richer; you could
e.g. see more details of the emotions and gestures", P18 stated.
With the combinations of haptic feedback and 6DoF features, participants mainly pursue enjoying
more interactive and active experiences. “If you can actively explore things and complete tasks
together, as well as influence the VR environment, then you would be able to really enjoy an
interactive and collaborative experience”, P3 remarked. “The possibility to explore the
environment and interact with it would largely increase the immersion”, mentioned P6 and P20.
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Potential Use Cases
In general, the participants foresee a big impact of Social VR. They identified the following use cases
as the most interesting for Social VR: dating (20%), shared video watching (30%), co-creation spaces
(30%), gaming (60%), training (65%), virtual meetings and consultation (85%) and virtual events
(60%), like conferences, fairs and religious events. In the case of virtual events, 20% of participants
remarked that Social VR can become a powerful tool and medium to plan these events, to
experience with the organization and distribution of spaces, furniture, presentation rooms, etc. In
these kinds of events, participants highlighted that Social VR can contribute to increase the
audiences, because there is no need to travel, thus also contributing to accessibility, to reduce
pollution, and to save time and costs. Some participants (15%) also identified Social VR as an ideal
tool for migrants and to connect with known people living far away (30%), while others (15%)
showed concerns about the duration of the Social VR experiences. “If the experience is not too long,
then Social VR can work. But for longer experiences, you may get tired and dizzy. HMDs should
become more lightweight and comfortable”. Participants believed that Social VR is a powerful
medium to meet with known users, but also to meet new contacts. Most of the participants (90%)
declared their willingness to use Social VR in the future. “I want this at home!” stated by P8. “This
can be seen as the next generation Skype”, stated by P11. Many participants (25%) stated that the
virtual interactions can be very intense and effective, and are a good alternative especially for first
contacts. A few participants (10%) thought that Social VR is more adequate in corporate
environments, and not yet for domestic environments. Other ones (10%) shown concerns about
Social VR contributing to sedentariness.
All participants agreed that being able to interact with elements of the VR environment, like the
live presenter, provides added value. “You can actually interact with a presenter, and your
conversation influences the evolution of the session. It really provides an added value, as you are
not just a passive watcher”, stated by P7 and P12. Most of them (90%) also think that supporting
more than 2 participants is beneficial and interesting. The rest affirmed that two-person meeting
could be just enough in specific use cases, and provide richer interactions.
Next generation of Social VR
The next generation of Social VR is envisioned by participants as environments where the
boundaries between the real and the virtual worlds are blurred (P2, P4, P9, P12 and P17), under
the umbrella of eXtended Reality (XR). P9 and P17 envisioned: “A hybrid space where the real and
virtual worlds are seamlessly mixed, with virtual elements augmenting the reality and detailed
information about certain real elements, as well as multi-sensory stimuli, are provided”. P3 and
P20 stated “Virtual worlds where you can freely move around, and be tele-transported to the places
of your choice or need”. P5 stated “multi-user gatherings with real and virtual users, where you can
hardly distinguish between the virtual and real ones, or that at least the quality of the virtual users
does not impact the overall experience”. The application of Artificial Intelligence (AI) techniques
was also identified as a key feature that can provide significant added value in next generation
Social VR systems (10%).
[1] David R Thomas. 2006. A general inductive approach for analyzing qualitative evaluation data.
American journal of evaluation 27, 2 (2006), 237–246.

6.4 Evaluation with Professionals
6.4.1 Pilot Action at 2019 NEM Summit
An international panel of experts gathered in Zagreb on 22-23 May 2019 to discuss the future of
interactive technologies and new media. The 11th New European Media (NEM) Summit presented
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a packed programme of conferences, roundtables and an exhibition featuring the VRTogether
project.
TNO demonstrated Pilot 1 of VR Together enabling the visitors to try the photo-realistic social
virtual reality experience. The immersive experience received very positive feedback from
attendees and the organization, being eventually recognized with NEM’s Best Exhibition Award.

Figure 65: VR-Together Exhibition and Award at NEM SUMMIT 2019

6.4.2 Pilot Action at 2019 IBC (CERTH)
CERTH and VRTogether joined the 2019 edition of IBC, the world’s most influential media,
entertainment and technology show. In particular, VR Together was featured at the Future Zone, a
specially curated area bringing together the very latest ideas, innovations and concept technologies
from international industry and academia. More than 300 visitors were able to try out our latest
social Virtual Reality experience while more than 6.000 visitors visited our booth.
Specifically, visitors met us at stand 8.F10 where our ground-breaking cost-effective social Virtual
Reality experiences were presented for users in remote domestic scenarios, based on photorealistic immersive content. Visitors wearing VR headsets were body-captured, inserted and
immersed in a virtual environment (where they saw a mirrored image of themselves).
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IBC brought together over 55,000 professionals from over 150 countries spanning the creation,
management and delivery of electronic media and entertainment. It attracted over 1,700 exhibitors
from all around the world and more than 1,000 of the world’s top media technology journalists.
The flagship IBC Conference featured a curated program including over 400 of the world’s leading
industry influencers and experts providing an authoritative and independent view and helping to
shape the future of the industry.

Figure 66: VR-Together Exhibition at IBC 2019 (I)

D.4.4 – Technical Report on Second Pilot

137

Version 4.1, 15/7/2020

Figure 67: VR-Together Exhibition at IBC 2019 (II)
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6.4.3 Pilot Action at VRDays 2019 (TNO)
At the VR days in Amsterdam on 14 and 15 November 2019, TNO showcased the pilot 2 content
with the lightweight web-based pipeline. In an exhibition setup each time 2 participants could
experience the content and interact with each other. Due to limitations in an exhibition setting, the
recorded presenter of pilot 2 was shown. The additional technical developments of Year 2, selfview and HMD removal, were also shown to the participants. The previously designed
Questionnaire for Professionals was used to gather feedback from the participants.
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Figure 68: VR-Together Exhibition at VRDays 2019
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7 CONCLUSION
The second year of the project has been successful in terms of pilot actions. The first pilot was
continued and demonstrated at the NEM Summit (where the Best Exhibition Award was received)
and at IBC 2019. The content and technology of the second pilot was tested with end users and
with professionals at VRDays in November 2019. The pilot actions are still active and the project
will continue to showcase it at relevant events and has the intention of bringing the pilot to a
festival in 2020 (preferably Venice). Moreover, the project has run a large number of experiments
(12) for better understanding the user and environment representation, for capturing datasets for
the development of algorithms for social VR activity recognition and navigation patterns, and for
testing the underlying technical infrastructure. Finally, the project has deployed two functional
connected user labs (between Barcelona and Thessaloniki, and between Rennes and The Hague),
run a large-scale evaluation with professionals and stakeholders for forming the advisory board,
and further validated and automated the metrics for evaluating social VR.
For the third year, a similar approach will be followed. The consortium has already started the
discussion about pilot 3, with a task force led by The Modern Cultural and Artanim. Together, they
have defined the pilot and produced a first version of the script and the production timeline. The
next stage will be to further analyse and identify the technical requirements, once the pilot 2
content is tested with end users. A parallel, supportive, action is the design and schedule of relevant
experiments by the partners of the project to pave the path towards the pilot. These will include
experiments with professionals, user experience evaluations, and performance of the system
assessments (see D2.3). Finally, the project will pay special attention to the metrics and methods
for the next pilot, with a strong focus on automatic gathering and with the intention of creating
objective metrics that can model and predict the quality of the experience of the users.
The intention for 2020 was to showcase the Pilot 2 in further events, in small settings like SDO
meetings and at major exhibitions , however due to cancellation of all physical meetings due to
COVID-19, this was not possible. We will extend the experiment initiated in year 2, i2CAT-2.1, by
showing the pilot to the companies in the advisory board, getting valuable feedback from them,
and validating and refining the requirements. The third pilot (2020) will continue with the plot of
the previous ones, expanding and illustrating the crime investigation introduced in the first pilot.
The final intention is to showcase the three pilots together in a festival like Venice.
Overall, the results in this work package 4, about the pilots of the project, are positive and
encouraging.
Finally, it should be mentioned that results from both the focus groups with professionals and from
the pilots with end users were obtained before the COVID-19 lockdown. The pandemic has
significantly increased the demand for social interaction tools, like Social VR platforms, in different
application use cases, like education, virtual conferences and remote consultation. We are aware
that the expectations, preferences and demands from both professional and end users might have
probably changed if these pilot actions had been conducted after the quarantine. Due to this fact,
the impact of the lockdown on the Social VR needs, and new business opportunities in times of
COVID-19 and after it, are being analyzed in the third year of the project.
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Annex I
Evaluation Material Used in the Focus
Group with VR Professionals

INFORMATION SHEET
Coo r di na to r of t he st ud y : i 2 C A T F o u n da ti o n
Pr ot o co l : "F o c us Gro u ps wit h V R P ro fe s s io n a ls " .

Mada m , Si r ,
We pro po s e t h e pa r ti ci pa t i o n i n a fo c u s g ro up t ha t a i ms t o s ho w ca s e t h e
co nt rib u tio ns of t h e V R -T og et h er p ro je cts , pr ovi de f e e d bac k ab o ut th e m , a nd ha ve
ric h disc ussio ns a bo ut t he fas ci nati ng to pi c of So cia l VR.
Goal of the study
T he aim of th e pi lo t actio n is to d e mo ns t r a te t h e c o n t rib u tio ns o f t h e pro j e ct to
r eco g ni s e d V R p ro f es s i o na , g et fe e d ba ck a n d a dvi c es fro m t he m, a n d ha v e r i c h
dis cus s io ns a bo ut t h e pr o j e ct s co p e a n d po t e ntia l .
Description and procedure
Yo u r pa r t i ci p a t i o n i n t hi s r es ea r ch f o cu s g r o u p w i l l co ns i s t o f : 1 ) u n d er t a k i ng a V R
s es s i o n , i n ca s e o f p h y i s i ca l m e eti ng ; o r 2 ) w a t c hi ng a de m o v id eo o f t h e V i r t ua l
R ea li t y (V R ) ex p e rie n c e , i n ca s e o f r emo te p a rti ci pa ti o n .
In ca s e o f p hys ica l m e eti ng , y o u wi l l b e e q ui p pe d wi t h a V R h ea d s e t t ha t a l lo ws yo u
to i m m ers e yo u rs el f i n a vi rt ua l e nv iro nm e nt . I n t hi s e nvi r o nm e nt , yo u wi l l
pa rti ci pa t e i n a So c ia l V R ex p er ie n c e t o get h e r wit h a no t h e r pa rti ci pa nt , b y
wa tc hi ng t h e co nt e nts c r ea t e d i n t he pro j e ct . At t h e e nd o f t he s es s io n , yo u w il l
b e a s k e d to c o m p l et e a q u es tio n na i r e a bo ut th e ex p er ie n c e its e lf . F ina l ly , yo u wi l l
pa rti ci pa t e i n a s e mi - s tr u ct u re d i nt er vi ew wit h th e r es ea rc h e rs o f t h e p ro j e ct .
In ca s e o f re m o t e pa r t i ci pa t i o n , y o u w i l l b e a s k e d t o f i l l i n a q u es t i o n na i r e a bo u t
this to pi c a n d p ro j ec t .
T he ex p e ri me n t la s ts a p pro xi ma te l y 1 ho u r a n d 3 0 mi n ut es .
Purpose of, and Benefits associated with, the study
T his s t ud y wi l l no t i nc u r a n y co sts to yo u . T h e a na l ysis o f y o u r co l l ec te d d a ta wi l l
h e lp us to :
x
x

Ge t f e e d ba c k a bo ut t h e po t e nt ia l o f t h e So c ia l V R to pi c in t h e i n d us t ry .
Ge t f e e d ba c k a bo ut t h e p ro je ct ’s c o n t rib u ti o ns a n d f ut u re wo rk .

T hes e res u l ts co u l d b e t h e s u b j ec t o f s ci e n ti fic p ub li ca t io ns a n d p r es e nta tio ns a t
co nfe r e nc es . T h es e p ub li ca ti o ns a n d pr e s e nta tio ns wi l l s t ric tl y re s p e ct th e
co nfi de n tia lit y a n d a n o ny mit y o f t h e da ta .

i2CAT Fondation
C\ Gran Capità 2-4, Edifici Nexus I,
Tel. (+34) 93 553 25 10 fundacio@i2cat.net
i2cat.net

08034 Barcelona (Spain)

Potential risks
Wea ri ng a vi rt ua l r ea lit y h ea ds et ca n l ea d i n s o m e ca s es to na us ea , di z zi n es s ,
dis o ri en ta tio n o r vis u a l a b no r ma lit ies . As pa rt o f t his s t ud y , y o u wi l l pa y c lo s e
a tt e ntio n to yo u r o w n ris ks . I n t h e ev en t o f a n a c ci de n t , t h e i2 CA T F o un da tio n
d ec li n es a l l r es po ns i bi lit y .
Confidentiality and treatment of your data
T he i nf o rm a ti o n a bo u t yo u co l l ec t ed f o r t hi s s tu d y w il l r ema i n co nf i d e ntia l . A l l da ta
wil l b e a na ly z e d a no n ymo us ly .
Res po nsi b le : F u n da ci ó p riva da i2 CA T , I nt e r n et i In no v a ció Di gita l a Ca ta l un ya .
Pu rpos e : (s e e pr ev io u s pa ge )
Leg al ba sis : T h e l eg a l ba s i s i s yo u r v o l u nta r i ly c o ns e n t.
How lo ng y ou r d at w i l l be st o re d : Yo u r da ta wil l b e s to r ed du ri ng t h e lif e o f pr o j e ct
( u nti l S e pt em b e r 3 0 t h , 2 0 2 0 ) + 5 yea rs f o r a u diti ng p ur po s es . W h e n i t w i l l b e no
lo ng e r n e ce s s a r y to k e ep yo ur da t a , t he y wil l b e r e mo v ed wit h a d eq ua t e s e c u rity
meas u r es . Y ou r pe r so na l d at a wi l l no t b e sh a re d wi th a n y t hi r d pa r ties , e x ce pt
fo r leg a l o b lig ati on s.
Pr o mo tio na l c o mm u ni c ati on s: Yo u w i l l n o t r ec ei v e a ny p ro mo ti o na l co m u nica tio ns .
Your rights
1.
2.

3.
4.

5.

Yo u ha v e t h e rig ht to a cc e pt o r re fu s e to pa rti ci pa t e i n t h e s t ud y .
Yo u a r e f r e e t o w i t h d r a w f ro m t h e s t u dy a t a ny t i m e , y o ur c ho i c e w i l l be
r es p e ct e d . Li ke wis e , yo u s ho u l d k no w t ha t th e i nv es t iga to r ca n exc l u d e
yo u f ro m t h e s tu d y i f s h e/ he de e ms i t n ec es s a ry .
T he p ri n cip a l i nve s ti ga to r o f t h e s t u d y w il l b e ha p p y to a ns w e r a ny
q ues tio ns yo u ma y ha v e r ega r din g t hi s re s ea rc h .
Yo u h a v e t he rig ht to a cc es s y o u r p ers o na l da ta , a s we l l a s re q u e s t t hei r
r ect i f i c a t i o n , li m i t a t i o n o f p ro c es s i ng a n d d el e t i o n by s e n di n g a n e - m a i l
to rg pd @i2 cat . n et .
A co n s e n t f o rm wi l l b e g i v e n to yo u .

Ad dit io na l in fo r ma ti o n a bo ut da ta p ro t ec ti o n is pro vid e d i n t h e i2 C AT ’s P riva cy
Po lic y , a va i la bl e a t : htt p:/ /ww w .i2ca t . ne t/ ca / politi ca -p riv aci tat

Dr . Ma rio Mo nta gu d ( mari o . mo nta gu d @i2 c a t. n et )
i 2 C A T F o u n da t i o n
T el : (+ 3 4 ) 9 3 5 5 3 2 5 1 0
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Coo r di na to r of t he st ud y : i 2 C A T F o u n da ti o n
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EXP RE S S I O N O F Y O UR C O N SE N T F OR P A R TI C IPA TI NG I N T H E S T U DY

I, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (La s t N a me , F i rs t n a m e )
Bo r n o n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( da y / m o n t h / y e a r )
ce rt ify t ha t I ha ve b e e n i nfo r m ed (o ra l ly a n d i n w ri tin g ) a bo ut th e co u rs e
a n d o b j ec tiv es o f t h e s tu d y, na m e l y:
i

Ha vi ng r ea d a n d u n d er s to o d t h e i nfo rm a tio n in t he a pp e n dix , i nfo r ma tio n a bo u t
whi c h I was a b l e to as k a l l th e q u es tio ns I w a nt e d

i

Be awa r e t hat my pa rt ici patio n in t h e s t ud y was vo lunta ry

i

Ha v e b e e n in fo r m ed a bo u t t h e po t e nt ia l b e n efits a n d ris ks t ha t ma y be
a s s o cia te d wit h t his s tu dy

i

Ha v e ha d e no ug h ti me fo r ref l e ctio n

i

Bei ng i nfo rm e d th a t I co ul d i nt er r u pt m y pa rti ci pa tio n i n t his s t u dy a t a ny t im e
wit ho ut p r e ju di c e o f a ny ki n d a n d wit ho ut h a ving to p ro v id e a r ea s o n

i

Ha v e b e e n i nfo rm e d t ha t I wi l l no t b e c ha rg e d a ny c o s t

i

Ha v e b ee n i nfo r me d t ha t t he da ta co ll e ct e d c a n b e th e s u b j ec t o f s ci e nti fi c
p ub li ca ti o ns a n d pr es e nta ti o ns a t co nf e re n c es . T h e co nfi d e ntia li ty a n d
a no ny mi t y o f m y da t a r em a i ns g ua ra n t ee d

T he i nf o r m a t i o n I r e ce i v e d i s c l ea r a nd I a c c e pt i t . I t he r efo r e a g r e e t o p a r t i c i pa t e
in t his s t ud y und er t h e co nditio ns list ed a b ove .

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e p e rs o n pa rti ci pa ti ng i n t he s t u dy :

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e i n v es ti g a to r :

PA RTI CI PA NT ’ S C OPY
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ce rt ify t ha t I ha ve b e e n i nfo r m ed (o ra l ly a n d i n w ri tin g ) a bo ut th e co u rs e
a n d o b j ec tiv es o f t h e s tu d y, na m e l y:
i

Ha vi ng r ea d a n d u n d er s to o d t h e i nfo rm a tio n in t he a pp e n dix , i nfo r ma tio n a bo u t
whi c h I was a b l e to as k a l l th e q u es tio ns I w a nt e d

i

Be awa r e t hat my pa rt ici patio n in t h e s t ud y was vo lunta ry

i

Ha v e b e e n in fo r m ed a bo u t t h e po t e nt ia l b e n efits a n d ris ks t ha t ma y b e
a s s o cia te d wit h t his s tu dy

i

Ha v e ha d e no ug h ti me fo r ref l e ctio n

i

Bei ng i nfo rm e d th a t I co ul d i nt er r u pt m y pa rti ci pa tio n i n t his s t u dy a t a ny tim e
wit ho ut p r e ju di c e o f a ny ki n d a n d wit ho ut h a ving to p ro v id e a r ea s o n

i

Ha v e b e e n i nfo rm e d t ha t I wi l l no t b e c ha rg e d a ny c o s t

i

Ha v e b ee n i nfo r me d t ha t t he da ta co ll e ct e d c a n b e th e s u b j ec t o f s ci e nti fi c
p ub li ca ti o ns a n d pr es e nta ti o ns a t co nf e re n c es . T h e co nfi d e ntia li ty a n d
a no ny mi t y o f m y da t a r em a i ns g ua ra n t ee d

T he i nf o r ma ti o n I r e ce i v e d i s c l ea r a nd I a c c e pt i t . I t he r efo r e a g r e e to p a r ti c i pa t e
in t his s t ud y und er t h e co nditio ns list ed a b ove .

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e p e rs o n pa rti ci pa ti ng i n t he s t u dy :

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e i n v es ti g a to r :

IN V E S TIG A T OR ’ S C OP Y

i2CAT Fondation
C\ Gran Capità 2-4, Edifici Nexus I,
Tel. (+34) 93 553 25 10 fundacio@i2cat.net
i2cat.net

08034 Barcelona (Spain)

Questionnaire for 3LORWVR7RJHWKHU3URMHFW
Full name:_______________________, Date:___________, Session,G______
Please answer the questions, according to your experience LQWKH6RFLDO95VFHQDULR.
1. Please indicate, on the chart below, your own emotion and the emotion of your partner LQWKH6RFLDO95
VFHQDULR Please also indicate the emotion intensity. You may report more than one emotion.

For example

My emotion

0\SDUWQHU·VHPRWLRQ

The scale of the following questions are from 1 to 5, representing the following meanings:
1 Strongly disagree
2 Disagree
3 Neutral
4 Agree
5 Strongly agree
Strongly disagree

1

2

3

4

5 Strongly agree

1

2

3

4

5

1

2

3

4

5

 ´,ZDVDEOHWRIHHOP\SDUWQHU·VHPRWLRQZKLOHZDWFKLQJWKHFRQWHQWVµ
 ´,ZDVVXUHWKDWP\SDUWQHURIWHQIHOWP\HPRWLRQµ
 “The experience of watching the FRQWHQWV with my partner seemed
QDWXUDOµ
 “The actions used to interact with my partner were similar to the ones
LQWKHUHDOZRUOGµ
 ´,WZDVHDV\IRUPHWRFRQWULEXWHWRWKHFRQYHUVDWLRQZLWKP\SDUWQHUµ
 ´7KHFRQYHUVDWLRQZLWKP\SDUWQHUVHHPHGKLJKO\LQWHUDFWLYHµ
 ´,FRXOGUHDGLO\WHOOZKHQP\SDUWQHUZDVOLVWHQLQJWRPHµ
 ´,IRXQGLWGLIILFXOWWRNHHSWUDFNRIWKHFRQYHUVDWLRQµ


´,IHOWFRPSOHWHO\DEVRUEHGLQWKHFRQYHUVDWLRQµ



´,FRXOGIXOO\XQGHUVWDQGZKDWP\SDUWQHUZDVWDONLQJDERXWµ

 “I was very sure that my partner understood what I was talking
DERXWµ
Strongly disagree

1

2

3

4

5 Strongly agree

 ´,RIWHQIHOWDVLI,ZDVDOODORQHZKLOHZDWFKLQJWKHFRQWHQWVµ
 ´,WKLQNP\SDUWQHURIWHQIHOWDORQHZKLOHZDWFKLQJWKHFRQWHQWVµ
 “I often felt that my partner and I were sitting together in the same
VSDFHµ
 ´,SDLGFORVHDWWHQWLRQWRP\SDUWQHUµ
 “My partner was easily distracted when other things were going on
DURXQGXVµ
 “I felt that watching the FRQWHQWV together in VR enhanced our
FORVHQHVVµ
 “Watching the FRQWHQWV together created a good shared memory
EHWZHHQPHDQGP\SDUWQHUµ
 “I derived little satisfaction from the FRQWHQW watching experience
withP\SDUWQHUµ
 ´7KHFRQWHQWZDWFKLQJH[SHULHQFHZLWKP\SDUWQHUIHOWVXSHUILFLDOµ
 ´,UHDOO\HQMR\HGWKHWLPHVSHQWZLWKP\SDUWQHUµ

See graph below

1

2

3

4

5

6

7

23. How emotionally close to your partner do you feel now?

1

Strongly disagree

2

1

3

2

3

4

4

5 Strongly agree

5

6

7

1

2

3

4

5

1

2

3

4

5

 ´,QWKHYLUWXDOZRUOG,KDGDVHQVHRI¶EHLQJWKHUH·µ
 “Somehow I felt that the virtual world was surrounding me and my
SDUWQHUµ
 “I had a sense of acting in the virtual space, rather than operating
VRPHWKLQJIURPRXWVLGHµ
 “My FRQWHQW watching experience in the virtual environment
seemedFRQVLVWHQWZLWKDUHDOZRUOGH[SHULHQFHµ
 “I did not notice what was happening around me in the realZRUOGµ
 ´,IHOWGHWDFKHGIURPWKHRXWVLGHZRUOGZKLOHZDWFKLQJWKH
FRQWHQWVµ
 “At the time, watching the FRQWHQWV with my partner was myRQO\
FRQFHUQµ
 “Everyday thoughts and concerns were still very much on my
PLQGµ
 “It felt like the FRQWHQW watching experience took shorter time than
itUHDOO\ZDVµ>'XUDWLRQRIFRQWHQWVLVaPLQ@
 “When watching the FRQWHQWV with my partner, time appeared to
goE\YHU\VORZO\µ
([WUD4XHVWLRQV Strongly disagree 1 2 3 4 5 Strongly agree
 ³,OLNHGWKHFUHDWHG95FRQWHQWV´
 ³7KHFUHDWHG95FRQWHQWVDUHUHDOLVWLF LHUHVHPEOHDUHDO
VFHQDULR ´
 ³7KHVSDWLDOLW\LQWKH95VFHQDULR LHSHUFHLYHGGLVWDQFHVDQG
VL]HVRIHOHPHQWVLQFOXGLQJWKHSDUWLFLSDQWV ERGLHV LVFRQVLVWHQW
ZLWKDUHDOOLIHVFHQDULR´

Thank you for your feedback!

VR Professionals Questionnaire
COMPANY AND PERSON(S) NAME:___________________________________________
Introduction
The goal of this questionnaire is to help the H2020 EU project VR-Together validate the gathered
requirements and to gather new ones, while contributing to maximize its impact.
VR technology is improving rapidly. Still, the big question in the VR industry is how to offer
real added value for users to justify both acquiring a headset and actually using it. VR-Together
is focusing on two main concepts:
1. Delivering high-quality photo-realistic content for a strong feeling of immersion. Being
there!
2. Creating a strong feeling of co-presence in VR experiences. Being there together!
VR content
experiences

360° (3DOF)
Current experiences

Alone

Together

Full VR (6DOF)
Points clouds, Time Varying Meshes
(TVMs), character animation (for
interactive experiences)

Adding a social element, based
on current videoconferencing.
Adding live presentation of
others.

VR-Together

VR professionals can choose to answer or not each one of the following questions, based on their
profile, expertise and interest.
The idea is to not only answer the questions, but to trigger interesting discussions by asking these
questions and drive the interview with them.
Info about the Professional / Company
Company Name: ______________________
Activity / Profile within the VR Sector: _____________________
Name of Company’s Representation: _______________________
Role in the Company: ___________________________________

Potential in the Market
VR-Together is aiming at contributing to the development of new VR experiences.
1. VR is going to have a big impact in business.
___ Strongly disagree
___ Partially disagree

___ Neither agree nor disagree
___ Partially agree
___ Strongly agree
If you agree, by when?
___ Now
___ In 1 year
___ In 2 years
___ In 3-4 years
___ In 5 years or more

2. The VR-Together project can have an impact in the VR sector
___ Strongly disagree
___ Partially disagree
___ Neither agree nor disagree
___ Partially agree
___ Strongly agree
Why do you think so?
_____________________________________________________________________________
_____________________________________________________________________________

3. In your opinion, rate the relevance of Social VR in the following use cases:
[1. No relevance; 5. Very relevant]
___ Healthcare
___ Education / training
___ Media & entertainment
___ Meetings
___ Exhibitions
___ Tele-Work / Remote Collaboration
Indicate other relevant use cases in your opinion: ________________________

4. What are in your opinion the biggest challenges VR-Together will encounter to succeed in the
VR professional sector?
_____________________________________________________________________________
_____________________________________________________________________________

VR content experiences & Social VR experiences
Many companies such as Facebook, Oculus and AltspaceVR offer Social VR services. In these
solutions, users can talk together, watch movies together, play games together, etc., but mainly as
/ with avatars.
5. In your opinion, what are the main pros and cons of VR-Together compared to the solutions
these companies provide?
_____________________________________________________________________________
_____________________________________________________________________________

6. Social VR applications can enable multiple remote people to concurrently consume the same
media contents. In your opinion, which of the following content types will have the most benefit
from experiencing them together (e.g. with partner, family, friends)?
[1. No benefit; 5. A lot of benefit]
___ Sports
___ Music
___ News
___ Movies
___ TV shows
___ TV series
___ Culture
___ Animation
___ Education
Other, please add your own _________________________________________________

Technological Components
The VR industry is moving forward, many companies are working on various aspects of VR
content capture, production, distribution and rendering. For our project, it is important to work on
topics that will ultimately benefit the industry.
7. In your opinion, what is the importance of the current VR-Together topics?
[1: unimportant; 2. of little importance; 3. moderately important; 4. Important; 5. Very
important]
___ 3D capture and reconstruction using multiple off-the-shelf cameras
___ Distribution of Point Clouds or TVMs (Time Varying Meshes)
___ (Live) Distribution of Scene Contents (e.g. for sports events).
___ User self-view (i.e. users can see their bodies)

___ HMD removal (i.e. that in the representation you see of other users, the HMD in the image is
replaced with a reconstructed image of the users face and eyes)
___ Interaction capabilities with the environment (e.g. have the ability to move objects)
Other: please add your own _____________________________________________________
8. When do you think the quality of 3D video will be similar to the quality of current-generation
2D video?
___ Now
___ In 1 year
___ In 2 years
___ In 3-4 years
___ In 5 years or more
9. When would you expect 6 DoF (Degrees of Freedom) scenarios will be widely available for
consumer media experiences?
___ Now
___ In 1 year
___ In 2 years
___ In 3-4 years
___ In 5 years or more
10. In your opinion, what is the degree of importance of the following aspects to achieve high
immersion?
[1: unimportant; 2. of little importance; 3. moderately important; 4. Important; 5. Very
important]
___ High Visual quality in the shared VR scene
___ High Audio quality in the shared VR scene
___ Having a 3D navigable scene
___ Having spatial audio
___ High Visual quality and resolution of the end-users’ reconstruction
___ Having volumetric (3D) bodies of the captured end-users
Any other comments here: _______________________________________________________
What do you think are the main limitations currently (e.g. capturing / rendering hardware,
processing capabilities…)?
_____________________________________________________________________________
Quality of Interaction
11. Compared with a face-to-face experience, what do you think is missing in this Social VR
system, in terms of interaction?

12. In case you tested our demo, what do you think about the quality of communication /
interaction in our system?
13. In case you tested our demo, to what degree did you feel identified with your selfrepresentation? And with your partner’s representation?
Immersion and Togetherness
14. Did you like the content watching experience? Was the experience immersive and “engaging”
for you?
15. Do you think a system like this provides a feeling of “togetherness”? If so, do you think this
feeling of “togetherness” enriches the user experience?
16. Do you think the potential of connecting remote people has an impact in the business sector?
17. What kind of relationships do you think can be developed by using a system like this?
Missing Aspects
18. Did anything in the user representation or in the virtual environment disturb you? If yes, what
and why? (Examples: not seeing the eyes of my partner; not seeing my legs; need for further
quality, etc.)
19. How do you think the Social VR system can be improved in the future? Is there any additional
interaction modality / feature you would suggest to have in our Social VR system?
20. What do you think is the next generation of immersive Social VR?
Industry links
21. How do you think industry could benefit from this project?
22. Would you recommend us, as a research project, to focus on any specific topic to provide
added value in a VR environment where large players (e.g. Facebook, Steam) are moving
forward?
[Examples are: Core technology development; Large-scale technological measurements,
Integration, User experience, Market analysis, finding the right application areas, Specific
combinations of these? Other things?]

Final remarks
23. Do you have any other remarks you wish to make, any feedback or advice to give us?
_____________________________________________________________________________
_____________________________________________________________________________

CONSENT FORM TO BECOME ADVISORY BOARD MEMBER OF VR - TOGETHER
I, ____________________________________________________________, representing
________________________ in the position of _____________________________,
hereby accept the invitation to become member of the Advisory Board of the EU H2020
VR-Together project.
As member of the Advisory Member:
x

I commit to attend and provide feedback to the next two demos of the VRTogether platform, scheduled by end of 2019 and mid 2020 once Pilot 2 and
Pilot 3 of the project will be run, as done for the first demo of the project.

x

I authorize to include the following information about me in the project website
(https://vrtogether.eu/):
Name: No / Yes : ____________________
Company and Role: No / Yes : ____________________
Photo: No / Yes
[If yes, please attach it as a reply to this message]
Short bio: No / Yes :
[It can be attached in another document]
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
Quote about the project: Yes / No
[Please, feel free to add the quote(s) you wish. Suggestions from the
conversations we had during our meeting are also attached for your
convenience]
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________

Name:
Date:
Signature:

Annex II
Consent Forms from Exp-ARTANIM-2.1

INFORMATION SHEET
Coo r di na to r of t he st ud y : F o n da tio n Ar ta ni m
Pr ot o co l : " Pe r ce p ti o n o f co n te n t p res e nt a ti o n fo r ma ts i n Vir t ua l R ea li t y" .

Mada m , Si r ,
We p ro po s e t h e p a r t ici pa tio n i n a s t u dy tha t a i ms to eva l ua t e t h e f e e li ng o f
pr es e n ce , co mfo r t, a n d q ua li ty o f exp e ri e nc e o f di ffe r e nt fo rms o f Vi rt ua l R ea li t y
(V R ) co nt e nt pr es e nta tio n fo rma ts .
Goal of the study
T he a i m o f t he s t u dy i s to e va lu a t e i f diff e r e nt co nt e nt fo rm a ts h a ve a n i m p a c t o n
th e V R ex pe ri e n ce o f th e us e r .
Description and procedure
Yo u r pa rti ci pa ti o n i n thi s re s ea r c h co ns i s ts o f u n d er ta ki ng t h r ee V R s es s i o ns a n d
fil li ng o ut q u estio n nai r es .
Yo u wi l l b e eq ui p p ed wi th a vi rt ua l r ea lit y h ea ds et t ha t a l lo w s yo u to i mm e rs e
yo u rs e lf i n a vi rt ua l e nvi ro nm e nt . I n t hi s e n viro nm e nt , yo u w il l pa rti ci pa t e i n t hr e e
s es s i o ns , o n e fo r ea c h co nt e nt pr es e nta tio n fo rm a t t es t e d i n t he e x p eri m e nt .
At t h e en d o f ea c h s es s io n , yo u w i ll b e a s ke d to co m p l et e q ue s tio n na ir es a bo ut
pr es e n ce (f ee li n g o f i mm e rs io n ) , q ua lit y o f ex pe ri e n ce a nd s i mu l a tio n s i ck n es s .
F i na l ly , a f t er th e th r ee s es s i o ns a r e co m p le t e , yo u w i l l be a s ke d to f i l l i n a
q ues tio n na i re co m pa ri ng t h e t h r e e co n t e nt f o rma ts .
T he ex p e ri me n t la s ts a p pro xi ma te l y 4 5 mi n ut es .
T he da ta co ll e ct e d i n t his ex p eri m e nt w il l b e a na ly z e d a n d pro c es s e d by a co mp u te r ,
a n d do es no t r eq ui r e yo u r p r es e nc e .
Benefits associated with the study
T his s t ud y wi l l no t i nc u r a n y co sts to yo u . T h e a na l ysis o f y o u r co l l ec te d d a ta wi l l
h e lp us to :
x
x

Id e nti fy a dv a n ta g es a n d dis a dva nta ges o f diff e re n t vi rt ua l r ea li ty co nt e nt
pr es e nt a tio n f o r ma ts .
Ob tai n qu an tita tiv e d a ta o n t h e s e nse o f p r es e nc e , si mu la tio n si c kn ess , a n d
q ua li t y o f e x p e ri e nc e i n vir t ua l e nvi ro nm e nt s .

T hes e res u l ts co u l d b e t h e s u b j ec t o f s ci e n ti fic p ub li ca t io ns a n d p r es e nta tio ns a t
co nfe r e nc es . T h es e p ub li ca ti o ns a n d pr e s e nta tio ns wi l l s t ric tl y re s p e ct th e
co nfi de n tia lit y a n d a n o ny mit y o f t h e da ta .
Fondation
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Potential risks
Wea ri ng a vi rt ua l r ea lit y h ea ds et ca n l ea d i n s o m e ca s es to na us ea , di z zi n es s ,
dis o ri en ta tio n o r vis u a l a b no r ma lit ies . As pa rt o f t his s t ud y , y o u wi l l pa y c lo s e
a tt e ntio n to yo ur o w n ris ks . I n th e e ve n t o f a n a cc id e nt , t h e Ar t a ni m F o u n da tio n
d ec li n es a l l r es po ns i bi lit y .
Confientiality
T he i nf o rm a ti o n a bo u t yo u co l l ec t ed f o r t hi s s tu d y w il l r ema i n co nf i d e ntia l . A l l da ta
wil l b e a na ly z e d a no n ymo us ly .
Your rights
1.
2.

3.
4.

Yo u ha v e t h e rig ht to a cc e pt o r re fu s e to pa rti ci pa t e i n t h e s t ud y .
Yo u a r e f r e e t o w i t h d r a w f ro m t h e s t u dy a t a ny t i m e , y o ur c ho i c e w i l l be
r es p e ct e d . Lik ewis e y o u s ho u l d kn o w th a t th e in ves tiga to r ca n exc l u d e
yo u f ro m t h e s tu d y i f h e d ee ms i t n e ces s a r y .
T he p ri n cip a l i nve s ti ga to r o f t h e s t u d y w il l b e ha p p y to a ns w e r a ny
q ues tio ns yo u ma y ha v e r ega r din g t hi s re s ea rc h .
A co n s e n t f o rm wi l l b e g i v e n to yo u .

Dr . Ca eci lia C ha r bo n ni e r
F o n da ti o n A rta ni m
T él : 0 2 2 9 8 0 9 1 9 2
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Coo r di na to r of t he st ud y : F o n da tio n Ar ta ni m
Pr ot o co l : " Pe r ce p ti o n o f co n te n t p res e nt a ti o n fo r ma ts i n Vir t ua l R ea li t y" .

EXP RE S S I O N O F Y O UR C O N SE N T F OR P A R TI C IPA TI NG I N T H E S T U DY

I, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (La s t N a me , F i rs t n a m e )
Bo r n o n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( da y / m o n t h / y e a r )
ce rt ify t ha t I ha ve b e e n i nfo r m ed (o ra l ly a n d i n w ri tin g ) a bo ut th e co u rs e
a n d o b j ec tiv es o f t h e s tu d y, na m e l y:
i

Ha v i ng r ea d a n d u n d er s t o o d t h e i nf o rm a t i o n i n t he a pp e n di x , i nf o r m a t i o n a bo u t
whi c h I was a b l e to as k a l l th e q u es tio ns I w a nt e d

i

Be awa r e t hat my pa rt ici patio n in t h e s t ud y was vo lunta ry

i

Ha v e b e e n in fo r m ed a bo u t t h e po t e nt ia l b e n efits a n d ris ks t ha t ma y be
a s s o cia te d wit h t his s tu dy

i

Ha v e ha d e no ug h ti me fo r ref l e ctio n

i

Bei ng i nfo rm e d th a t I co ul d i nt er r u pt m y pa rti ci pa tio n i n t his s t u dy a t a ny tim e
wit ho ut p r e ju di c e o f a ny ki n d a n d wit ho ut h a ving to p ro v id e a r ea s o n

i

Ha v e b e e n i nfo rm e d t ha t I wi l l no t b e c ha rg e d a ny c o s t

i

Ha v e b ee n i nfo r me d t ha t t he da ta co ll e ct e d c a n b e th e s u b j ec t o f s ci e ntifi c
p ub li ca ti o ns a n d pr es e nta ti o ns a t co nf e re n c es . T h e co nfi d e ntia li ty a n d
a no ny mi t y o f m y da t a r em a i ns g ua ra n t ee d

T he i nf o r m a t i o n I r e ce i v e d i s c l ea r a nd I a c c e pt i t . I t he r efo r e a g r e e t o p a r ti c i pa t e
in t his s t ud y und er t h e co nditio ns list ed a b ove .

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e p e rs o n pa rti ci pa ti ng i n t he s t u dy :

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e i n v es ti g a to r :
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Coo r di na to r of t he st ud y : F o n da tio n Ar ta ni m
Pr ot o co l : " Pe r ce p ti o n o f co n te n t p res e nt a ti o n fo r ma ts i n Vir t ua l R ea li t y" .

EXP RE S S I O N O F Y O UR C O N SE N T F OR P A R TI C IPA TI NG I N T H E S T U DY

I, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (La s t N a me , F i rs t n a m e )
Bo r n o n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( da y / m o n t h / y e a r )
ce rt ify t ha t I ha ve b e e n i nfo r m ed (o ra l ly a n d i n w ri tin g ) a bo ut th e co u rs e
a n d o b j ec tiv es o f t h e s tu d y, na m e l y:
i

Ha v i ng r ea d a n d u n d er s t o o d t h e i nf o rm a t i o n i n t he a pp e n di x , i nf o r m a t i o n a bo u t
whi c h I was a b l e to as k a l l th e q u es tio ns I w a nt e d

i

Be awa r e t hat my pa rt ici patio n in t h e s t ud y was vo lunta ry

i

Ha v e b e e n in fo r m ed a bo u t t h e po t e nt ia l b e n efits a n d ris ks t ha t ma y be
a s s o cia te d wit h t his s tu dy

i

Ha v e ha d e no ug h ti me fo r ref l e ctio n

i

Bei ng i nfo rm e d th a t I c o ul d i nt er r u pt m y pa rti ci pa tio n i n t his s t u dy a t a ny tim e
wit ho ut p r e ju di c e o f a ny ki n d a n d wit ho ut h a ving to p ro v id e a r ea s o n

i

Ha v e b e e n i nfo rm e d t ha t I wi l l no t b e c ha rg e d a ny c o s t

i

Ha v e b ee n i nfo r me d t ha t t he da ta co ll e ct e d c a n b e th e s u b j ec t o f s ci e nti fi c
p ub li ca ti o ns a n d pr es e nta ti o ns a t co nf e re n c es . T h e co nfi d e ntia li ty a n d
a no ny mi t y o f m y da t a r em a i ns g ua ra n t ee d

T he i nf o r ma ti o n I r e ce i v e d i s c l ea r a nd I a c c e pt i t . I t he r efo r e a g r e e to p a r ti c i pa t e
in t his s t ud y und er t h e co nditio ns list ed a b ove .

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e p e rs o n pa rti ci pa ti ng i n t he s t u dy :
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Coo r di na to r of t he st ud y : i 2 C A T F o u n da ti o n
Pr ot o co l : " Pe r ce p ti o n o f co n te n t p res e nt a ti o n fo r ma ts i n Vir t ua l R ea li t y" .

Mada m , Si r ,
W e p ro po s e t h e p a r t i ci pa t i o n i n a s t u dy t ha t a i m s t o eva l ua t e t h e f e e li ng o f
pr es e n ce , co mfo r t, a n d q ua li ty o f exp e ri e nc e o f di ffe r e nt fo rms o f Vi rt ua l R ea li t y
(V R ) co nt e nt pr es e nta tio n fo rma ts .
Goal of the study
T he a i m o f t he s t u dy i s to e va lu a t e i f diff e r e nt co nt e nt fo rm a ts h a ve a n i m pa c t o n
th e V R ex pe ri e n ce o f th e us e r .
Description and procedure
Yo u r pa rti ci pa ti o n i n thi s re s ea r c h co ns i s ts o f u n d er ta ki ng t h r ee V R s es s i o ns a n d
fil li ng o ut q u estio n nai r es .
Yo u wi l l b e eq ui p p ed wi th a vi rt ua l r ea lit y h ea ds et t ha t a l lo w s yo u to i mm e rs e
yo u rs e lf i n a vi rt ua l e nvi ro nm e nt . I n t hi s e n viro nm e nt , yo u w il l pa rti ci pa t e i n t hr e e
s es s i o ns , o n e fo r ea c h co nt e nt pr es e nta tio n fo rm a t t es t e d i n t he e x p eri m e nt .
At t h e en d o f ea c h s es s io n , yo u w i ll b e a s ke d to co m p l et e q ue s tio n na ir es a bo ut
pr es e n ce (f ee li n g o f i mm e rs io n ) , q ua lit y o f ex pe ri e n ce a nd s i mu l a tio n s i ck n es s .
F i na l ly , a f t er th e th r ee s es s i o ns a r e co m p le t e , yo u w i l l be a s ke d to f i l l i n a
q ues tio n na i re co m pa ri ng t h e t h r e e co n t e nt f o rma ts .
T he ex p e ri me n t la s ts a p pro xi ma te l y 4 5 mi n ut es .
T he da ta co ll e ct e d i n t his ex p eri m e nt w il l b e a na ly z e d a n d pro c es s e d by a co mp u te r ,
a n d do es no t r eq ui r e yo u r p r es e nc e .
Purpose of, and Benefits associated with, the study
T his s t ud y wi l l no t i nc u r a n y co sts to yo u . T h e a na l ysis o f y o u r co l l ec te d d a ta wi l l
h e lp us to :
x
x

Id e nti fy a dva n ta g es a n d dis a dva nta ges o f diff e re n t vi rt ua l r ea li ty co nt e nt
pr es e nt a tio n f o r ma ts .
Ob tai n qu an tita tiv e d a ta o n t h e s e nse o f p r es e nc e , si mu la tio n si c kn ess , a n d
q ua li t y o f e x p e ri e nc e i n vir t ua l e nvi ro nm e nt s .

T hes e res u l ts co u l d b e t h e s u b j ec t o f s ci e n tific p ub li ca t io ns a n d p r es e nta tio ns a t
co nfe r e nc es . T h es e p ub li ca ti o ns a n d pr e s e nta tio ns wi l l s t ric tl y re s p e ct th e
co nfi de n tia lit y a n d a n o ny mit y o f t h e da ta .

i2CAT Fondation
C\ Gran Capità 2-4, Edifici Nexus I,
Tel. +41 22 980 91 92 fundacio@i2cat.net
i2cat.net

08034 Barcelona (Spain)

Potential risks
Wea ri ng a vi rt ua l r ea lit y h ea ds et ca n l ea d i n s o m e ca s es to na us ea , d i z zi n es s ,
dis o ri en ta tio n o r vis u a l a b no r ma lit ies . As pa rt o f t his s t ud y , y o u wi l l pa y c lo s e
a tt e ntio n to yo ur o w n ris ks . I n th e e ve n t o f a n a cc id e nt , t h e Ar t a ni m F o u n da tio n
d ec li n es a l l r es po ns i bi lit y .
Confidentiality and treatment of your data
T he i nf o rm a ti o n a bo u t yo u co l l ec t ed f o r t hi s s tu d y w il l r ema i n co nf i d e ntia l . A l l da ta
wil l b e a na ly z e d a no n ymo us ly .
Res po nsi b le : F u n da ci ó p riva da i2 CA T , I nt e r n et i In no v a ció Di gita l a Ca ta l un ya .
Pu rpos e : (s e e pr ev io u s pa ge )
Leg al ba sis : T h e l eg a l ba s i s i s yo u r v o l u nta r i ly c o ns e n t.
How lo ng y ou r d at w i l l be st o re d : Yo u r da ta wil l b e s to r ed du ri ng t h e lif e o f pr o j e ct
( u nti l S e pt em b e r 3 0 t h , 2 0 1 9 ) + 5 yea rs f o r a u diti ng p ur po s es . W h e n i t w i l l b e no
lo ng e r n e ce s s a r y to k e ep yo ur da t a , t he y wil l b e r e mo v ed wit h a d eq ua t e s e c u rity
meas u r es . aa s h a rin g: Y ou r pe rs on a l d at a wi l l n ot be s ha r ed wi t h an y t hi r d
p a rtie s , e x ce pt fo r l e ga l o bl ig ati ons .
Pr o mo tio na l c o mm u ni c ati on s: Yo u w i l l n o t r ec ei v e a ny p ro mo ti o na l co m u nica tio ns .
Your rights
1.
2.

3.
4.

5.

Yo u ha v e t h e rig ht to a cc e pt o r re fu s e to pa rti ci pa t e i n t h e s t ud y .
Yo u a r e f r e e t o w i t h d r a w f ro m t h e s t u dy a t a ny t i m e , y o ur c ho i c e w i l l be
r es p e ct e d . Lik ewis e y o u s ho u l d kn o w th a t th e in ves tiga to r ca n exc l u d e
yo u f ro m t h e s tu d y i f h e d ee ms i t n e ces s a r y .
T he p ri n cip a l i nve s ti ga to r o f t h e s t u d y w il l b e ha p p y to a ns w e r a ny
q ues tio ns yo u ma y ha v e r ega r din g t hi s re s ea rc h .
Yo u h a v e t he rig ht to a cc es s y o u r p ers o na l da ta , a s we l l a s re q u e s t t hei r
r ect i f i c a t i o n , li m i t a t i o n o f p ro c es s i ng a n d d el e t i o n by s e n di n g a n e - m a i l
to rg pd @i2 cat . n et .
A co n s e n t f o rm wi l l b e g i v e n to yo u .

Ad dit io na l in fo r ma ti o n a bo ut da ta p ro t ec ti o n is pro vid e d i n t h e i2 C AT ’s P riva cy
Po lic y , a va i la bl e a t : htt p:/ /ww w .i2ca t . ne t/ ca / politi ca -p riv aci tat

Dr . Ma rio Mo nta gu d ( mari o . mo nta gu d @i2 c a t. n et )
i 2 C A T F o u n da t i o n
T el : (+ 3 4 ) 9 3 5 5 3 2 5 1 0

i2CAT Fondation
C\ Gran Capità 2-4, Edifici Nexus I,
Tel. +41 22 980 91 92 fundacio@i2cat.net
i2cat.net

08034 Barcelona (Spain)
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EXP RE S S I O N O F Y O UR C O N SE N T F OR P A R TI C IPA TI NG I N T H E S T U DY

I, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (La s t N a me , F i rs t n a m e )
Bo r n o n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( da y / m o n t h / y e a r )
ce rt ify t ha t I ha ve b e e n i nfo r m ed (o ra l ly a n d i n w ri tin g ) a bo ut th e co u rs e
a n d o b j ec tiv es o f t h e s tu d y, na m e l y:
i

Ha v i ng r ea d a n d u n d er s t o o d t h e i nf o rm a t i o n i n t he a pp e n di x , i nf o r m a t i o n a bo u t
whi c h I was a b l e to as k a l l th e q u es tio ns I w a nt e d

i

Be awa r e t hat my pa rt ici patio n in t h e s t ud y was vo lunta ry

i

Ha v e b e e n in fo r m ed a bo u t t h e po t e nt ia l b e n efits a n d ris ks t ha t ma y be
a s s o cia te d wit h t his s tu dy

i

Ha v e ha d e no ug h ti me fo r ref l e ctio n

i

Bei ng i nfo rm e d th a t I co ul d i nt er r u pt m y pa rti ci pa tio n i n t his s t u dy a t a ny tim e
wit ho ut p r e ju di c e o f a ny ki n d a n d wit ho u t h a ving to p ro v id e a r ea s o n

i

Ha v e b e e n i nfo rm e d t ha t I wi l l no t b e c ha rg e d a ny c o s t

i

Ha v e b ee n i nfo r me d t ha t t he da ta co ll e ct e d c a n b e th e s u b j ec t o f s ci e nti fi c
p ub li ca ti o ns a n d pr es e nta ti o ns a t co nf e re n c es . T h e co nfi d e ntia li ty a n d
a no ny mi t y o f m y da t a r e m a i ns g ua ra n t ee d

T he i nf o r ma ti o n I r e ce i v e d i s c l ea r a nd I a c c e pt i t . I t he r efo r e a g r e e to p a r ti c i pa t e
in t his s t ud y und er t h e co nditio ns list ed a b ove .

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e p e rs o n pa rti ci pa ti ng i n t he s t u dy :

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e i n v es ti g a to r :

PA RTI CI PA NT ’ S C OPY
i2CAT Fondation
C\ Gran Capità 2-4, Edifici Nexus I,
Tel. +41 22 980 91 92 fundacio@i2cat.net
i2cat.net

08034 Barcelona (Spain)

Coo r di na to r of t he st ud y : i 2 C A T F o u n da ti o n
Pr ot o co l : " Pe r ce p ti o n o f co n te n t p res e nt a ti o n fo r ma ts i n Vir t ua l R ea li t y" .

EXP RE S S I O N O F Y O UR C O N SE N T F OR P A R TI C IPA TI NG I N T H E S T U DY

I, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (La s t N a me , F i rs t n a m e )
Bo r n o n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( da y / m o n t h / y e a r )
ce rt ify t ha t I ha ve b e e n i nfo r m ed (o ra l ly a n d i n w ri tin g ) a bo ut th e co u rs e
a n d o b j ec tiv es o f t h e s tu d y, na m e l y:
i

Ha v i ng r ea d a n d u n d er s t o o d t h e i nf o rm a t i o n i n t he a pp e n di x , i nf o r m a t i o n a bo u t
whi c h I was a b l e to as k a l l th e q u es tio ns I w a nt e d

i

Be awa r e t hat my pa rt ici patio n in t h e s t ud y was vo lunta ry

i

Ha v e b e e n in fo r m ed a bo u t t h e po t e nt ia l b e n efits a n d ris ks t ha t ma y be
a s s o cia te d wit h t his s tu dy

i

Ha v e ha d e no ug h ti me fo r ref l e ctio n

i

Bei ng i nfo rm e d th a t I co ul d i nt er r u pt m y pa rti ci pa tio n i n t his s t u dy a t a ny tim e
wit ho ut p r e ju di c e o f a ny ki n d a n d wit ho ut h a ving to p ro v id e a r ea s o n

i

Ha v e b e e n i nfo rm e d t ha t I wi l l no t b e c h a rg e d a ny c o s t

i

Ha v e b ee n i nfo r me d t ha t t he da ta co ll e ct e d c a n b e th e s u b j ec t o f s ci e nti fi c
p ub li ca ti o ns a n d pr es e nta ti o ns a t co nf e re n c es . T h e co nfi d e ntia li ty a n d
a no ny mi t y o f m y da t a r em a i ns g ua ra n t ee d

T he i nf o r ma ti o n I r e ce i v e d i s c l ea r a nd I a c c e pt i t . I t he r efo r e a g r e e to p a r ti c i pa t e
in t his s t ud y und er t h e co nditio ns list ed a b ove .

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e p e rs o n pa rti ci pa ti ng i n t he s t u dy :

Da t e ( DD / M M / YY Y Y ) a n d s i g na t u r e o f t h e i n v es ti g a to r :

IN V E S TIG A T OR ’ S C OP Y

i2CAT Fondation
C\ Gran Capità 2-4, Edifici Nexus I,
Tel. +41 22 980 91 92 fundacio@i2cat.net
i2cat.net

08034 Barcelona (Spain)

Annex III
Scenario Description for TNO-2.2

Appendix III. Scenario Description for TNO-2.2
Your name is Mr./Mrs. Carlis and you are a mayor of a town. You have a son named Mark.
A local baker named Mr./Mrs. Brent of your town has called you to call about his pregnant
daughter, Carol. The baker has told you that your son Mark is responsible for this pregnancy.
You have immediately called your son, who promptly informed you that he is aware of the
pregnancy but does not think that they were in a serious relationship.
Your son Mark is a top lawyer, and you hope Mark will become a judge. A scandalous issue like
this one could ruin Mark’s future.
In a moment you will be meeting the baker in a virtual environment. You are given 10 minutes
to come up with solutions, which entail some sort of agreement. Think about: marriage, financial
pay off, child support etc.
Your name is Mr./Mrs. Brent and you are a baker in a town. You have a daughter, Carol, who is
an aspiring actress.
Carol has just informed you that she is pregnant. She has also told you that she is in love with
the mayor's son, Mark, who is responsible for this pregnancy. She intends on keeping the baby.
Mark has gone incognito, and is not answering any of Carol’s calls.
You are not financially secure and want to ensure that the baby and Carol will be okay. You have
written a letter to the press (with no financial gain) and are threatening to send it. The letter
would ruin Carol’s reputation and serves no foreseeable gain. It will surely alienate the mayor
and Mark.
In a moment you will be meeting the mayor in a virtual environment. You are given 10 minutes
to come up with solutions, which entail some sort of agreement. Think about: marriage, financial
pay off, child support etc.

Annex IV
Questionnaire for TNO-2.2

Appendix IV. Questionnaire for TNO-2.2

Table IV.1 Questionnaire used in TNO-2.2

Annex V
Questionnaire for Pilot 2

VR-Together Experiment - Background information
This form is used to gather background information about participants for the
experiment. The data will be anonymized and only be used for research purposes.
Participants’ Name: __________________________________________
Gender: Male / Female
Age: _______________________________
Email: ______________________________
Nationality: ________________________
Profession (or current studies): ________________________
Dominant hand: Left handed / Right handed / Ambidextrous

Please select your response to the questions below.
1. How proficient are you in using computers?
A. Novice
B. Intermediate

C. Advanced

2. What’s your experience with Virtual Reality (VR) systems?
A. I have never used them before
B. I have some experience (please, answer the next question)
C. I am very experienced (please, answer the next question)
In case of experience, which of the following VR products have you used?
A. HTC vive B. Oculus rift
C. Sony PlayStation D. Samsung Gear
E. Others
3. Do you have any visual or hearing impairment?
A. No
B. Yes, my impairment consists of ______________________________
Only if you participate in the experiment with a known partner, please answer the
following questions:
4. What’s the relationship between you and your partner?
A. Friends
B. Families
C. Colleagues
D. Others ________________
5. How long have you been knowing each other?
A. < 1 year
B. 1~3 years
C. 4~5 years

D. More than 5 years

6. What’s the main contact method between you two? (multiple choice answer)
A. Face-to-face
B. Social media (such as Facebook)
C. Skype
D. Phone call
E. Email
F. Others __________________________________________
7. Which of the following activities do you do in order to maintain the
relationship between you two? (multiple choice answer)
A. Talk to each other
B. Go to cinema
C. Play computer games
D. Have a drink
E. Use cooperation tools (such as Slack, WhatsApp)
F. Watch TV together
G. Others _______________________________

VR-Together Experiment - Consent Form
Welcome to the experiment conducted by the VR-Together project (http://vrtogether.eu/)
and coordinated by researchers from i2CAT Foundation. First of all, we thank you for your
participation!
Description of the experiment
This experiment is part of a research project on Virtual Reality (VR) and futuristic immersive
media experiences. In particular, the experiment is focused on a Social VR scenario in
which two participants will be captured and immersed in a common virtual environment to
share a media experience about a police investigation theme, while being able to see/hear
each other.
The goal of the experiment is to gain insights about key technological and user experience
related aspects while using the platform and consuming the contents created in the project.
In the experiment, you will be requested to wear a Head Mounted Display (HMD) and
headsets. You may experience motion sickness while wearing the HMD.
Questionnaires and Interviews
After the VR experience, you need to fill in a questionnaire and participate in a brief
interview. The whole process will take around 1 hour.
Gathered data
During the VR experience, the participants’ gestures and activity will be recorded by using
video cameras, sensors and microphones to allow the researchers analysing their
behaviour and feelings a posteriori. Some pictures of the experiment could also be taken.
All gathered data (questionnaires, interviews, recordings and pictures) will be anonymized
and treated confidentially, will only be used for research purposes within the project, and
will not be shared to people not related to the experiment.
Rights
Your participation in the experiment is voluntary, and you have the right of refusing the
participation or withdraw from any part of the experiment.
Permission
I,_____________________________________ , agree with the content of this document
and agree to participate in this study. Likewise, I agree / do not agree with the usage of
pictures/videos from my participation in the experiment in scientific talks and publications.

Date: _____________

Signature: ______________________

Researcher in charge of the experiment: ______________________________________

6RFLHWDO$Q[LHW\4XHVWLRQQDLUH
This questionnaire is composed of 28 statements regarding your feelings in social gatherings. Circle
YES if you consider that the statement iV true of your feelings most of the time. Circle FALSE if
you consider that the statement is rarely true of you. Remember that this information is completely
confidential

Please
circle
I feel relaxed even in unfamiliar social situations

YES

NO

I try to avoid situations which force me to be very sociable

YES

NO

It’s easy for me to relax when I am with strangers

YES

NO

I have no particular desire to avoid people

YES

NO

I often find social settings upsetting

YES

NO

I usually feel calm and comfortable in social situations

YES

NO

I am usually at ease when talking to someone of the opposite sex

YES

NO

I try to avoid talking to people unless I know them well

YES

NO

If the chance comes to meet new people, I often take it

YES

NO

I often feel nervous or tense in casual get-togethers in which both sexes are present

YES

NO

I am usually nervous with people unless I know them well

YES

NO

I usually feel relaxed when I am with a group of people

YES

NO

I often want to get away from people

YES

NO

I usually feel uncomfortable when I am in a group of people I don’t know

YES

NO

I usually feel relaxed when I meet someone for the first time

YES

NO

Being introduced to people makes me tense and nervous

YES

NO

Even though a room is full of strangers I may enter it anyway

YES

NO

I would avoid walking up to and joining a large group of people

YES

NO

3DUWLFLSDQWID_______

*HQUHM / F

6HVVLRQ,'BBBBBBBBBB

When my superiors want to talk to me, I talk willingly

YES

NO

I often feel on the edge when I talk to a group of people

YES

NO

I tend to withdraw from people

YES

NO

I don’t mind talking to people at parties or social gatherings

YES

NO

I am seldom at ease in a large group of people

YES

NO

Please
circle
I often think up excuses in order to avoid social engagements

YES

NO

I try to avoid formal social occasions

YES

NO

I usually go to whatever social engagements I have

YES

NO

I find it easy to relax with other people

YES

NO

3DUWLFLSDQW,'BBBBBBB

*HQUHM / F

6HVVLRQ,'BBBBBBBBB
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Questionnaire for 3LORWVR7RJHWKHU3URMHFW
Full name:_______________________, Date:___________, Session,G______
Please answer the questions, according to your experience LQWKH6RFLDO95VFHQDULR.
127(7KHUHDUHVRPHTXHVWLRQVWKDWUHIHUWR\RXUSDUWQHUVRRQO\DQVZHUWKHPLI\RX
SDUWLFLSDWHGLQWKHH[SHULPHQWZLWKDNQRZQSDUWQHU
1.Please indicate, on the chart below, your own emotion and the emotion of your partner LQWKH6RFLDO95
VFHQDULR Please also indicate the emotion intensity. You may report more than one emotion.

For example

My emotion

0\SDUWQHU·VHPRWLRQ

The scale of the following questions are from 1 to 5, representing the following meanings:
1 Strongly disagree
2 Disagree
3 Neutral
4 Agree
5 Strongly agree
Strongly disagree

1

2

3

4

5 Strongly agree

1

2

3

4

5

1

2

3

4

5

 ´,ZDVDEOHWRIHHOP\SDUWQHU·VHPRWLRQZKLOHZDWFKLQJWKHFRQWHQWVµ
 ´,ZDVVXUHWKDWP\SDUWQHURIWHQIHOWP\HPRWLRQµ
 “The experience of watching the FRQWHQWV with my partner seemed
QDWXUDOµ
 “The actions used to interact with my partner were similar to the ones
LQWKHUHDOZRUOGµ
 ´,WZDVHDV\IRUPHWRFRQWULEXWHWRWKHFRQYHUVDWLRQZLWKP\SDUWQHUµ
 ´7KHFRQYHUVDWLRQZLWKP\SDUWQHUVHHPHGKLJKO\LQWHUDFWLYHµ
 ´,FRXOGUHDGLO\WHOOZKHQP\SDUWQHUZDVOLVWHQLQJWRPHµ
 ´,IRXQGLWGLIILFXOWWRNHHSWUDFNRIWKHFRQYHUVDWLRQµ


´,IHOWFRPSOHWHO\DEVRUEHGLQWKHFRQYHUVDWLRQµ



´,FRXOGIXOO\XQGHUVWDQGZKDWP\SDUWQHUZDVWDONLQJDERXWµ

 “I was very sure that my partner understood what I was talking
DERXWµ
Strongly disagree

1

2

3

4

5 Strongly agree

 ´,RIWHQIHOWDVLI,ZDVDOODORQHZKLOHZDWFKLQJWKHFRQWHQWVµ
 ´,WKLQNP\SDUWQHURIWHQIHOWDORQHZKLOHZDWFKLQJWKHFRQWHQWVµ
 “I often felt that my partner and I were together in the sameVSDFHµ
 ´,SDLGFORVHDWWHQWLRQWRP\SDUWQHUµ
 “My partner was easily distracted when other things were going on
DURXQGXVµ
 “I felt that watching the FRQWHQWV together in VR enhanced our
FORVHQHVVµ
 “Watching the FRQWHQWV together created a good shared memory
EHWZHHQPHDQGP\SDUWQHUµ
 “I derived little satisfaction from the FRQWHQW watching experience
withP\SDUWQHUµ
 ´7KHFRQWHQWZDWFKLQJH[SHULHQFHZLWKP\SDUWQHUIHOWVXSHUILFLDOµ
 ´,UHDOO\HQMR\HGWKHWLPHVSHQWZLWKP\SDUWQHUµ

See graph below

1

2

3

4

5

6

7

23. How emotionally close to your partner do you feel now?

1

Strongly disagree

2

1

3

2

3

4

4

5 Strongly agree

5

6

7

1

2

3

4

5

1

2

3

4

5

 ´,QWKHYLUWXDOZRUOG,KDGDVHQVHRI¶EHLQJWKHUH·µ
 “Somehow I felt that the virtual world was surrounding me and my
SDUWQHUµ
 “I had a sense of acting in the virtual space, rather than operating
VRPHWKLQJIURPRXWVLGHµ
 “My FRQWHQW watching experience in the virtual environment
seemedFRQVLVWHQWZLWKDUHDOZRUOGH[SHULHQFHµ
 “I did not notice what was happening around me in the realZRUOGµ
 ´,IHOWGHWDFKHGIURPWKHRXWVLGHZRUOGZKLOHZDWFKLQJWKH
FRQWHQWVµ
 “At the time, watching the FRQWHQWV with my partner was myRQO\
FRQFHUQµ
 “Everyday thoughts and concerns were still very much on my
PLQGµ
 “It felt like the FRQWHQW watching experience took shorter time than
itUHDOO\ZDVµ>'XUDWLRQRIFRQWHQWVLVaPLQ@
 “When watching the FRQWHQWV with my partner, time appeared to
goE\YHU\VORZO\µ

([WUD4XHVWLRQV Strongly disagree 1 2 3 4 5 Strongly agree
 ³,OLNHGWKHFUHDWHG95FRQWHQWV´
 ³7KHFUHDWHG95FRQWHQWVDUHUHDOLVWLF LHUHVHPEOHDUHDO
VFHQDULR ´
 ³7KHVSDWLDOLW\LQWKH95VFHQDULR LHSHUFHLYHGGLVWDQFHVDQG
VL]HVRIHOHPHQWVLQFOXGLQJWKHSDUWLFLSDQWV ERGLHV LVFRQVLVWHQW
ZLWKDUHDOOLIHVFHQDULR´
 +DYLQJPRUHWKDQXVHUVLQDVKDUHGYLUWXDOHQYLURQPHQW
SURYLGHVDQDGGHGYDOXHWRWKH6RFLDO95H[SHULHQFH
 +DYLQJDUHPRWHSUHVHQWHUDFWRULQUHDOWLPHSURYLGHVDQDGGHG
YDOXHWRWKH6RFLDO95H[SHULHQFH

Thank you for WKH feedback!
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VR-Together Experiment – Interview Questions
1. Did you like the content watching experience?
2. Compared with a face-to-face experience, what do you think is missing in this Social
VR system, in terms of interaction?
x What do you think of the quality of communication?
x How did it influence your experience?
x How well did you sense the emotion of your partner?
x To what degree did you feel identified with your self-representation? And with
your partner’s representation?
x Is there any special interaction you like about the Social VR system?
3. Are you satisfied with the virtual environment?
x Did you feel comfortable inside the virtual world?
x Did you feel as if you were in the room when you put your HMD on?
x Did you feel “together” with your partner? If so, do you think this feeling of
“togetherness” enriches the user experience?
4. What do you think of the VR contents you have watched in this experience?
x Were they immersive? To what extent did they resemble a real scenario? Did
they “engage” you?
x How consistent with the reality did you perceive the spatiality and sizes in the
virtual environment?
x Do you think having more than 2 users in the same virtual scenario provides
added-value to the Social VR experience?
x Do you think having more a live component (presenter, actor) provides addedvalue to the Social VR experience?
5. Applicability and potential of Social VR
x Would you use the Social VR system that you just tried for getting along with
your other users? If so, what activities would you like to do in Social VR?
x Do you think they could help you develop, maintain and/or strength
relationships with people of interest?
x What types of people do you want to meet? What kind of relationships do you
want to develop?
6. How do you think the Social VR system can be improved in the future?
x Did anything in the user representation or the virtual environment disturb you?
If yes, what and why? (Examples: not seeing the eyes of my partner; not seeing
my legs; need for further quality, etc.)
x What do you think is the next generation of immersive Social VR?

