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Abstract

We present a framework for sharing immersive live telep-
resence experiences to groups of remote users for arbitrary-
sized environments. Our framework builds upon RGB-
D data capture of the local environment (by a person or
robot) and involves real-time 3D reconstruction, scalable
data streaming and visualization to a multitude of remote
users at modest bandwidth requirements and low latency
while preserving the visual quality of current real-time re-
construction approaches.

1. Introduction

Sharing immersive live telepresence experiences has re-
ceived increasing attention in recent years with applica-
tions in entertainment, teleconferencing, remote collabora-
tion, site exploration, robotics, medical rehabilitation and
education. The impression of telepresence – defined as the
subjective experience of being in an environment that may
differ from the user’s actual local physical surrounding –
heavily relies on the ability of users to interactively ex-
plore the respective scene while avoiding motion sickness
which requires scene visualization at high framerates and
low latencies. Purely video-based solutions strongly restrict
the scene exploration to views in the vicinity of the cam-
era poses during scene capture and are not suitable for live
scenarios [3, 6]. Therefore, sharing live-captured scenes
as needed for teleconferencing [5] or remote collaboration
[9, 1, 4, 7] typically involves data capture, 3D reconstruc-
tion, data streaming and visualization. All these steps have
to be achieved within strong real-time constraints while pre-
serving the visual quality of the scene, considering typi-
cally available network bandwidth and client-side hardware
scenarios. Whereas capturing a small fixed-sized region of
interest as typical for teleconferencing [5] and small-scale
remote collaboration [9, 1] allows the exploitation of ex-
pensive well-calibrated setups with statically placed cam-
eras, the efficient capturing, data representation and stream-

ing become significantly more challenging when capturing
scenes of arbitrary size with a moving camera [7].

In the scope of this extended abstract, we address the
task of sharing immersive live telepresence experiences for
arbitrary-sized environments with groups of remote users
based on efficient large-scale real-time 3D reconstruction,
data streaming and visualization (see Figure 1). By design,
our system shifts the hardware requirements from the in-
volved users towards the cloud. In addition, the system
runs at low/modest bandwidth requirements with low la-
tency and can handle network interruptions. As a result,
our approach allows a re-thinking of well-established ex-
ploration processes towards (1) VR-based remote consult-
ing/collaboration, where experts may save the travel time
and costs, (2) VR-based remote exploration of contami-
nated scenes and thereby avoiding the exposure of people
to danger, or (3) VR-based education scenarios, where ex-
pensive excursions may be replaced with immersive group-
scale telepresence in the respective environments. Most of
the ideas of this abstract have been published [7] or are cur-
rently under review [8].

2. Methodology

As illustrated in Figure 1, our framework involves (1) a
local user (or robot) capturing the local environment based
on RGB-D sensors as present in mobile phones or the
Kinect, (2) a cloud-based real-time reconstruction frame-
work for on-the-fly/online scene capture and camera local-
ization based on volumetric fusion, (3) a cloud server to
manage the global scene model and to control the data trans-
mission according to the requests by remotely connected
users, (4) the visualization component that updates the lo-
cally generated meshes for the individual remote users ac-
cording to the already transmitted data, and (5) remote users
that may independently and immersively explore and inter-
act with the live-captured scene while communicating with
the person (or robot) capturing the scene. In the following,
we provide details regarding the major components and dis-
cuss the key enabling steps towards immersive group-scale
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Figure 1. Overview of the framework and its components. Images are partially provided by PresenterMedia.com.

telepresence in live-captured scenes.

Reconstruction Component The RGB-D data captured
by a local user (or robot) are streamed to a reconstruc-
tion component that reconstructs a dense 3D model in real-
time [8] and streams reconstructed parts to the server com-
ponent [7, 8]. During reconstruction, voxel blocks which
fall outside the current camera frustum are queued for
streaming and asynchronously compressed and transmitted.
Furthermore, the current camera pose is also streamed to
the server and broadcasted to the exploration components.

Server The server maintains the global 3D scene model
and controls the streaming to connected remote users’ ex-
ploration components [7]. Each exploration component is
assigned a stream set based on GPU hash data structures
supporting guaranteed thread-leveled concurrent insertion,
retrieval and removal of entries which is crucial for the effi-
cient and reliable management of the updated voxel blocks.
The scene model is converted to a highly bandwidth-
efficient representation based on Marching Cubes (MC) in-
dices [2] to support pruning empty blocks [8] and enable
efficient streaming to a large number of connected explo-
ration components (see Figure 1).

Exploration Component To update the locally generated
scene representation, the exploration component sends re-
quests to the server [7]. Such requests can be chosen adap-
tively based on either the remote expert’s current viewing
perspective representing the current region of interest, with-

out any preference for prefetching data or using other ad-
vanced strategies. The received scene data are grouped into
larger mesh blocks for which triangle mesh data as well as
three levels of detail are generated asynchronously for effi-
cient rendering. Besides the immersive live exploration of
the scene, the remote expert can interact with the scene by
measuring distances and marking objects and can also col-
laborate with other connected experts (e.g. via VoIP).

3. Results
The evaluation comprises the analysis of our approach

regarding its performance, its visual quality and a study of
respective user experiences.

Performance Analysis For performance assessment, we
measured the bandwidth for streaming the data to the ex-
ploration components as well as the streaming latency and
component scalability using several datasets captured with
off-the-shelf RGB-D cameras [8]. Even with low stream-
ing rates of 512 blocks/request at a request rate of 12Hz, a
low latency was observed. Furthermore, the required mean
(and maximum) bandwidth was around 13MBit/s (and 25
MBit/s respectively) while the server was able to handle 24
components simultaneously using standard consumer hard-
ware without introducing further latency (see Figure 2).

Visual Quality To ensure a high degree of immersion, we
also evaluated the visual quality of the reconstructed 3D
models. As a result of filtering outliers in the input and
model data, our reconstruction component generates higher-
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Figure 2. Illustration of our scalable telepresence system which
enables sharing live telepresence experiences of high-quality scene
reconstructions to more than 24 exploration components.

quality and smaller models in comparison to standard 3D
reconstruction which also benefits streaming bandwidth and
scalability (see Figure 2). This may be explored for guiding
the user to perform a more thorough scene acquisition re-
sulting in more complete 3D models with higher accuracy.

Evaluation of User Experience To evaluate the practi-
cality of our framework for telepresence in live-captured
scenes, we immersed 18 subjects (mean age of 28.0 years)
into an on-the-fly captured scene based on standard VR de-
vices, where the current local scene model was visualized
according to the participant’s current pose. This way, the
users were able to interactively inspect the scene indepen-
dent from the camera’s current pose. The user ratings (see
Figure 3) indicate that the users experienced a high degree
of situation awareness and self-localization in the simulta-
neously captured scene and could easily assess the terrain
for navigation purposes. Furthermore, they reported the
controls for scene interaction (i.e. teleporting, performing
distance measurements, etc.) to be intuitive. The ratings
regarding the resolution of the reconstructed model and the
speed of movements were slightly lower. Future improve-
ments regarding texture resolution and regarding the overall
model quality as well as the increasing availability of af-
fordable VR devices, and with it the higher familiarity to
the control mechanisms, may address these aspects.

4. Conclusions
With our approach towards scalable sharing of immer-

sive live telepresence experiences beyond room-scale based
on efficient real-time 3D reconstruction and streaming, we
hope to foster further research addressing the current chal-
lenges regarding model quality, streaming efficiency and
collaborative capturing. In addition, we envision the spread-
ing of such telepresence applications into other domains
such as robotics, education and collaboration.
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Figure 3. Assessment of user experience based on mean ratings on
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