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Abstract—In this demo, we showcase a system that applies

extended reality (XR) and volumetric video to enhance cultural
experiences. The platform enables real-time interaction between
users and a presenter within a virtual environment enriched
with 3D assets. Users can visualize a volumetric representation
of the presenter captured in real-time using a Free Viewpoint
Video (FVV) system. Additionally, the presenter can control
the elements in the scene using hand gestures, recognized by
an artificial intelligence (AI) model. We propose a methodology
to assess the subjective quality of this experience through user
studies. The complete system will be demonstrated, including
the real-time volumetric capture and the immersive application
to participate in the cultural experience.

Index Terms—Free Viewpoint Video, FVV, Immersive Commu-
nications, Immersive Videoconferencing, Streaming media, Real-
time system

I. INTRODUCTION

Extended reality (XR) empowers cultural experiences by
immersing users in virtual environments where virtual assets
and 3D reconstructed objects bring them closer to real-world
scenarios. In this context, volumetric video [1] enables the
integration of real-life content into such experiences, the
main application being volumetric representations of people,
creating realistic avatars that can be viewed and interacted with
by other users.

Existing XR platforms often focus on static or pre-recorded
content. In contrast, we propose a system that enables immer-
sive real-time communication and interaction between users.
The core of this system is based on immersive videoconference
systems [2], a technology postulated to overcome the current
problems of traditional 2D videoconference, such as video
conferencing fatigue, mainly caused by lack of free movement
or flat representation of users [3].

In this work, we propose an experiment that involves a
cultural experience built with our system and discuss the
methodology that will be used to evaluate both the perfor-
mance of the system and its quality of experience (QoE). This
experiment aims to develop an immersive platform for cultural
visits and events. The system will provide an XR experience in
which users equipped with virtual reality (VR) head-mounted
displays (HMDs) remotely connect to a virtual scene. This
scene will showcase a presenter explaining cultural topics
supported by related objects reconstructed as 3D models. The
experience will include the following:
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Fig. 1. Examples of the features implemented in the cultural experience. Users
are able to visualize a volumetric representation of a presenter while also
having the ability to visualize and communicate to other users. Additionally,
the virtual scene can be populated by 3D models that the presenter can
manipulate using gesture recognition.

o A real-time volumetric representation of the presenter
using Free Viewpoint Video (FVV).

« Artificial intelligence (Al)-based hand gesture recogni-
tion, used by the presenter to manipulate objects from
the scene.

o Representation of other users connected to the same vir-
tual scene as 3D avatars, as well as audio communication
channel to interact with them.

The volumetric representation of the presenter is based on
the FVV Live system [4] [S]. This technology allows its users
to visualize a real-time captured scene by freely deciding on
their point of view. This system follows a remote rendering
approach, transmitting only 2D images corresponding to the
user’s perspective, rather than the full volumetric information.

Figure 1 shows examples of the volumetric representation
of the presenter, interactive 3D objects, and the representation
of other users as 3D avatars.

II. SYSTEM DESCRIPTION

Figure 2 shows a schematic view of the architecture de-
signed to carry out the experiment. The main components are
detailed in the following subsections.
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Fig. 2. Architecture of the system dedicated to the experiment. Users access the scene through a WebRTC connection managed by the WebRTC Server
component. On the other side, a presenter is captured by the FVV Live capture module, generating one RGB+D stream per camera which is transmitted to
the View Renderer instances and to the gesture recognition model using a low-latency protocol (RTP). Users receive each rendered virtual view as a video

stream and the signaling related to gesture control by a WebRTC datachannel.

A. Volumetric Capture

In the experiment, the FVV Live capture module captures a
presenter in real time using a set of stereo cameras capable of
obtaining the geometric information of the scene in the shape
of color and depth images (RGB+D).

Segmentation is applied to the camera feeds to separate the
foreground (the presenter) from the background to enhance the
integration of the presenter into the scene. Since this segmen-
tation must be performed in real time, a green cyclorama such
as the one shown by Figure 3 is used to facilitate the task.

The color and depth information is encoded as two separated
H264 video streams, with regular lossy compression used for
color and a custom lossless scheme for depth [4]. Finally, to
ensure low-latency transmission, streams are encapsulated in
RTP [6] and sent to the edge server for processing.

B. Virtual View Rendering

The FVV Live Virtual View Renderer is used for the
volumetric representation of the presenter in the virtual scene.
The system follows a remote rendering approach, where the
user communicates their position to the View Renderer which
synthesized a virtual view coherent to that position. The
method for selecting the virtual point of view to be rendered
is detailed in [7].

The virtual views rendered are transmitted to the user as a
video stream. In the virtual scene, this video is played on a
billboard, a plane that rotates to always face the user.

Since users can navigate the scene with 6 DoF indepen-
dently, each one of them requires a specific viewpoint of
the presenter. To serve simultaneous users, several instances
of the View Renderer component are deployed, each one
synthesizing views for one user.

C. Al-based Gesture Recognition

Gesture recognition is used to allow the presenter to control
the virtual scene in a convenient way. The gesture recognition
module receives the color video streams from the capture and
processes them with a deep learning model [8].

Gestures can be used to control several aspects of the virtual
scenario, such as rotating or scaling 3D models, or changing
the scenario around users completely.

D. WebRTC Server and Client Application

Users connect to the experience through an application
built in Unity, which is available in a desktop version (for
regular 2D screens) and a version developed for HMDs (VR).
Both versions use WebRTC connections [9] managed by the
WebRTC Server component to access the following services:

o Access their specific instance of View Renderer.

« Receiving the events generated by the presenter’s gestures

o Receiving the position of each of the other users to place
their 3D avatars on the virtual scene in real-time.

« Bi-directional audio conference to communicate with the
presenter and the rest of the users.

WebRTC enables low-latency communications by using
RTP media transmission and DTLS [10] with retransmissions
for data channels. In this experiment, RTP is used by the
video generated in the View Renderer instances and by the
audio conference streams. On the other hand, DTLS is used
by signaling messages with the position of the users and to
notify the events generated by gestures.

III. QUALITY OF EXPERIENCE ANALYSIS

This methodology aims to capture how the immersive
system compares with existing formats and how robust the



Fig. 3. FVV Live capture module setup. 9 stereo cameras (Stereolabs ZED)
capture both the color and depth information from the scene in a green
cyclorama setup to ease the process of real-time segmentation.

experience is under real-world transmission conditions. To
evaluate the effectiveness of the proposed cultural experience
based on XR, we will focus on a subjective assessment of
QoE.

Methodological recommendations exist in the literature on
how to conduct QoE studies according to the multimedia
use case. Traditional video experiences have been evaluated
according to the following standards: ITU-T BT 500 for
televised video [11] , ITU-T 910 [12] for video in multimedia
applications, P.913 [13] for visualizing multimedia content on
devices such as tablets and laptops. These recommendations
set out the subjective evaluation methodology to measure QoE
in such video scenarios. However, our system includes not only
video, but also interactivity. There are also recommendations
for scenarios where interactivity and video are combined, such
as P.920 [14]. ITU-T P.920 sets out questionnaires and tasks
for the evaluation of QoE in interactive audiovisual communi-
cations. Finally, P.919 [15], Subjective test methodologies for
360° video on head-mounted displays sets out a framework for
evaluating experiences while wearing an HMD, which includes
recommendations for evaluating cybersickness.

Based on these recommendations, we propose the following
methodology:

o Interactive audiovisual quality using the standardized
questionnaires contained in P.920.

o Cybersickness, particularly in comparison to traditional
2D videoconferencing platforms, contained in P.919.

« Usability, focusing on the naturalness of communication
through avatars and gesture-based controls using the
System Usability Scale.

« Sensitivity to video quality and latency, evaluating how
the subjective experience of users changes under varying
levels of encoding quality and network delay conditions.

Participants will experience all three formats in randomized
order. In addition, participants will experience the XR session
under different network and compression configurations to
assess their tolerance to reduced quality and increased latency.

IV. DEMO SETUP

In our demo, three simultaneous users will be able to test the
experience. The cameras will capture one of them, while the
other two will visualize the virtual scene through the desktop
or HMD Unity-based application.

The equipment needed to be transported to the demo site
consists of the following:

o Nine Stereolabs ZED cameras and a microphone, man-
aged by three Capture Servers.

o A portable green screen setup.

o One “Edge Server” to run the View Renderer instances,
the gesture recognition model and the WebRTC Server.

o One WiFi router connected to the Edge Server.

¢ One laptop to run the desktop Unity application.

¢ One Meta Quest 3 to run the HMD Unity application.

With respect to networking, the purpose of the router is
to perform the demo inside a local network. The capture
servers will have a direct wired connection to the Edge Server
to avoid any bandwidth problems when delivering RGB+D
information. Additionally, the router will ensure a strong
connection from the clients to the edge server.

V. CONCLUSIONS

In this work, we propose a demo setup to test a collaborative
cultural experience built with our immersive videoconference
system.

The system involves a virtual scenario that includes features
such as visualizing a volumetric representation of a presenter
using real-time FVV, interacting with other users using audio
communication, and observing them inside of the scene as
virtual avatars. Additionally, the presenter can control the
virtual scene through hand gestures thanks to an Al-based
detection model.

Both the client application and the real-time volumetric
capture system, including the multi-camera setup, will be
demonstrated. Participants will be able to experience the demo
using immersive displays and control the virtual environment
with their own hands.

Regarding QoE assessment, we proposed a methodology to
evaluate the impact of immersive communication, Al-based
controls, and transmission quality and latency on the overall
experience.
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