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Figure 1: Concept of the proposed method. (a) Onsite user captures multiple images with an HMD. (b) The proposed system
supports telecommunication between remote and onsite users.

Abstract
Telecommunication within virtual environments created through
3D reconstruction techniques is a significant research topic within
Virtual Reality (VR), as it offers users an experience closely mirror-
ing real-world interactions. We anticipated that by integrating rapid
and easily prepared 3D reconstruction methods in such telecom-
munication systems, users would be able to engage in realistic
communication with individuals in distant locations, even while
traveling.

In this study, we propose an asymmetric Mixed Reality (MR)
telecommunication system using 3D Gaussian Splatting and pro-
vide an implementation example. A user study was conducted to
evaluate the system’s effectiveness from the perspectives of process-
ing time for 3D reconstruction, presence, usability, and incidence
of simulator sickness.
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1 Introduction
Synchronous telecommunication has become indispensable across
various domains, including business, entertainment, and health-
care [7]. Compared to asynchronous communication like text chat,
synchronous communication is considered crucial for fostering
bonds between users due to its immediacy and greater capacity
for information transfer, leading to extensive research into vari-
ous interfaces. In the fields of Virtual Reality (VR) and Augmented
Reality (AR), applications of physically embodied and immersed
telecommunication are being investigated, utilizing avatar embodi-
ment and visual presentation via head-mounted displays (HMDs).
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Among these, telecommunication using virtual environments cre-
ated through 3D reconstruction technology is a significant research
subject, as it offers users experiences unique to environments that
closely reflect real-world settings. In such telecommunication, it is
anticipated that utilizing 3D reconstruction methods that are both
fast and easy to set up will enable users to engage in communication
with remote partners, within virtual environments that accurately
reflect real-world settings, even while traveling.

In recent years, advancements in machine learning algorithms
and improvements in graphics hardware performance have led to
the development of various 3D reconstruction techniques. For in-
stance, notable examples include Neural Radiance Fields (NeRF) [8],
a 3D reconstruction method that leverages neural networks, and
3D Gaussian Splatting (3DGS) [5], which represents 3D scenes as a
superposition of Gaussian distributions. These methods are charac-
terized by their ability to render fine details and complex lighting,
distinguishing them from classical 3D reconstruction techniques.

This paper focuses on 3DGS, particularly its high-quality ren-
dering capabilities combined with fast training times. Possessing
these features, 3DGS enables scene capture in mobile settings and
the sharing of 3D scenes on the go. We hypothesize that using
3DGS for instant 3D reconstruction could enable users to engage in
communication with remote partners, within virtual environments
that closely reflect real-world settings, even while traveling. In this
study, we implemented an asymmetric Mixed Reality (MR) telecom-
munication system utilizing 3DGS. Furthermore, we validated the
practical feasibility of our system by conducting a user study to
evaluate processing time for 3D reconstruction, presence, usability,
and simulator sickness within the proposed system.

2 Proposed method
This section outlines the proposed system. The system implementa-
tion and detailed explanation are available on GitHub1.

2.1 System Overview
The proposed system supports telecommunication between an on-
site and a remote user. First, the onsite user capturesmultiple images
of the surrounding environment using the external camera of an
HMD. These images are then transmitted to the remote side, where
a 3D scene is reconstructed using 3DGS. After some configuration
(e.g., coordinate alignment) by the remote user, both users wear
HMDs to begin communication. On the onsite user’s HMD, the
physical environment is displayed via video passthrough, with the
remote user’s avatar superimposed over it. Conversely, the remote
user’s HMD displays a 3DGS-reconstructed virtual environment
and the onsite user’s avatar. This setup enables telecommunication
in virtual environments that reflect real-world settings.

Image capture is implemented using the MetaQuest passthrough
API, allowing the onsite user to capture the environment and en-
gage in communication without additional equipment beyond the
HMD. This system can display anchors at locations where users
have captured images. This function helps users to capture images
from various positions and angles, ensuring comprehensive data
collection. Captured images are transmitted to a server via HTTPS

1https://github.com/t-ota0407/tele-sync

Figure 2: VR view of remote users.

and stored in the cloud. The poses of the users’ HMDs and con-
trollers are transmitted via UDP communication, enabling real-time
synchronization of each user’s avatar posture. To integrate the
3DGS-reconstructed scene into a Unity-based VR application, we
utilized the publicly available implementation by Kleinbeck et al.
[6].

2.2 Comparison with Related Work
The proposed method follows the trajectory of research on asym-
metric MR telecommunication systems. Here, an asymmetric MR
telecommunication system is defined as one in which one user
experiences a virtual environment reflecting the physical world
along with their partner’s avatar in VR, while the other sees their
partner’s avatar overlaid on the real world via AR. Prior work has
explored approaches that use dedicated camera arrays [11] or 360-
degree cameras [12][2] to capture the physical environment for 3D
reconstruction. However, these methods often require specialized
equipment, making them less accessible and more challenging to
prepare. In contrast, the proposed method only requires an HMD
with an external camera for the remote user. In our implementation,
we employed Meta Quest 3. Thus, the present system is advan-
tageous in that it is suitable for use in various outdoor settings.
However, it should be noted that the time required for virtual scene
reconstruction remains a topic for further discussion. In the next
section, we present the results of an experiment evaluating the
system’s feasibility, including its 3D reconstruction duration.

3 Experiment
In this experiment, we evaluated the 3D reconstruction duration,
presence, usability and simulator sickness of the proposed system
to verify its effectiveness in 3D reconstruction.This experiment was
conducted with the approval of our affiliated institution’s ethics
review board (Approval No.: UT-IST-RE-240819).

3.1 Method
Six participants were recruited for this experiment. Before the main
experiment, participants completed the Simulator SicknessQues-
tionnaire (SSQ) [4] to assess their baseline simulator sickness levels.
First, participants acted as on-site users, freely capturing images
within the laboratory for five minutes using the proposed system.
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Figure 3: (a) Processing time for 3D reconstruction. (b) Presence measured by IPQ. (c) Usability measured by NASA-TLX. (d)
Simulator sickness score. In the box plots, black circles represent the mean. Additionally, outliers, indicated by white circles,
are data points located more than 1.5 times the interquartile range away from either the first or third quartile.

They received a brief explanation of 3DGS beforehand and were
instructed that capturing images from various positions and angles
was desirable for successful 3D reconstruction. As shown in the
top-left photo of Figure 1, the system displayed captured points
with Quest Passthrough API. Therefore, participants could take
multiple images from various perspedctives by using this function
as needed. Subsequently, a 3D scene was reconstructed from the
captured dataset using 3DGS, and the time taken for this process
was measured. Next, participants assumed the role of remote users
and communicated with an experimenter from a separate labora-
tory using the system. Figure 2 shows the VR view for the remote
user. Finally, participants completed the Igroup Presence Question-
naire (IPQ) [3] to evaluate presence, the NASA Task Load Index
(NASA-TLX) [1] to assess usability, and the SSQ again. They also
participated in a short interview about their experience with the
system.

The computational resources used in the 3D reconstruction con-
sisted of a machine with the following specifications: CPU: Intel
Core i9-10900X, GPU: NVIDIA RTX A6000.

3.2 Results and Discussion
3.2.1 Processing time for 3D reconstruction. Figure 3 (a) shows
the time required for 3D scene reconstruction using the collected
datasets. The 3D reconstruction process using 3DGS generally con-
sists of two steps: preprocessing (camera pose estimation with
COLMAP [9]) and 3DGS training. Therefore, we measured the pro-
cessing time for each step.The average time required for preprocess-
ing was 19.7 minutes, and the average time for 3DGS training was
12.4 minutes. The total latency for 3D reconstruction across the en-
tire system was 32.1 minutes. This result indicates that the duration
is practical enough for a user to capture a scene at a travel destina-
tion and wait for the 3D reconstruction to finish while relaxing at
a cafe.

3.2.2 Presence. Figure 3 (b) illustrates the presence scores mea-
sured by the IPQ.Themean General Presence score was 5.29, Spatial
Presence was 5.17, Involvement was 5.57, and Realism was 5.54.
Therefore, it was confirmed that the proposed system provides a
sufficiently high level of presence.

We compared the mean scores for each metric with values re-
ported in prior research on asymmetric MR communication systems
using 360-degree cameras [12]. The Realism score in this study was
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slightly lower. This may be because, in some user trials, parts of
the environment not well-captured in the user’s input image (such
as the ceiling) appeared dark, leading to a less realistic impression
for users. Conversely, all metrics other than Realism were largely
consistent with those reported in the prior study, suggesting that
the proposed method can offer a very high level of presence with a
simple setup.

3.2.3 Usability. Figure 3 (c) illustrates the ratings measured by
NASA-TLX. Among the task load indices, Physical Demand, Perfor-
mance, and Effort showed relatively high values. The high ratings
for Physical Demand and Effort are likely due to the need to walk
around the room when capturing real-world environments. The
high Performance rating is probably because users were concerned
about the quality of the captured data when photographing real-
world environments. Indeed, many interview comments indicated
that users made an effort to capture images from various positions
as instructed when photographing the real-world environment.

3.2.4 Simulator sickness. Figure 3 (d) displays the total severity
score of the SSQ. Compared to pre-experiment levels, scores were
slightly elevated after the real-world shooting task and at the end
of the entire experiment. However, no users exceeded a score of
20, which is considered a significant criterion for VR sickness [10],
neither after the real-world shooting task nor at the conclusion
of the experiment. This suggests that the present system does not
induce excessive VR sickness.

4 Limitation and Future work
All experiments in this study were conducted indoors. However,
since outdoor use is anticipated, as explained at the outset, we
plan to conduct experiments outdoors to demonstrate the system’s
effectiveness. Additionally, the current experiment had too few
participants for a robust statistical comparison. Therefore, we plan
to conduct the outdoor experiments with a sufficient number of
participants.

In the current experiment, COLMAP was used for camera pose
estimation. However, with the system configuration proposed in
this study, it may be possible to skip camera pose estimation for cap-
tured images by substitutingQuest 3’s self-localization information
as camera pose data. If realized, this would significantly reduce the
preprocessing time required for 3D reconstruction. In the current
experiment, the average preprocessing time was 19.7 minutes, and
the average training time for 3DGSwas 12.4 minutes.Thus, skipping
preprocessing would considerably shorten the overall waiting time
for 3D reconstruction. Therefore, we plan to investigate methods
for substitutingQuest 3’s self-localization information for camera
pose information in future work.

5 Conclusion
In this study, we proposed an asymmetric MR telecommunication
system that leverages 3DGS for virtual environment construction,
based on the idea that incorporating 3DGS could enable the practical
use of such systems in mobile settings. We also presented an imple-
mentation example of the proposed system. Through the user study,
we confirmed that 3D reconstruction can be completed within ap-
proximately 30 minutes, demonstrating the potential effectiveness

of the system. In the future, substituting Quest 3’s self-localization
information for camera pose data is projected to lead to a substan-
tial reduction in 3D reconstruction processing time. This system
is expected to considerably facilitate communication in virtual en-
vironments that closely reflect real-world conditions, even when
users are traveling.
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