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Figure 1: Two users residing in a long-term care facility playing checkers with each other remotely through their virtual avatars

ABSTRACT

With new advancements in head-mounted display-based augmented
reality (HMD-AR), networking capabilities, and software to sup-
port the embodiment of a user in a remote AR environment, AR
telepresence can finally take its place as a viable Interactive Com-
munication Technology (ICT). Recent studies and commercializa-
tion efforts provide evidence for HMD-AR’s capabilities to host
face-to-face interactions but with some limitations, such as the gap
in knowledge about the requirements and considerations for the
successful deployment of an AR telepresence system outside the
lab. In this paper, we detail the development of our system and its
iterative deployment over eight sessions in a long-term care facil-
ity with two older adults as participants. We present the lessons
learned that can provide general guidelines for future deployment
efforts of AR telepresence in the community.

Index Terms: Mixed/Augmented Reality, Interactive Communi-
cation Technology, Telepresence, Field Study

1 INTRODUCTION

Existing state-of-the-art 2D interactive communication technology
(ICT) has been a reasonable compromise when face-to-face inter-
actions are not possible, allowing for feasible audio and video com-
munication among multiple people. Even though video can allow
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for an apt representation of a remote user, the 3D to 2D conversion
often fails to maintain the physical scale of a person [10] or convey
eye gaze and subtle body poses [6]. This can reduce the collec-
tive sense of co-presence, a vital communication component [10].
Video conferencing also forces users to adjust natural affordances
[17] and may cause fatigue [8].

Modern AR can overcome some of the limitations affecting
co-presence. Current head-mounted AR displays (HMD-AR) can
seamlessly integrate virtual objects with the real world [9]. These
virtual objects may as well be 3D photorealistic avatars of users.
3D cameras and tracking software can capture body pose and facial
expressions, which, along with audio, can be mapped to an avatar.
This capability defines an AR-based ICT that can create a face-to-
face virtual interaction with conversation and task collaboration
while simulating a sense of physical togetherness (see Figure 1).

Several studies have showcased HMD-AR-based ICT in a lab
setting [12, 14, 15], but challenges in costs and logistics have in-
hibited its wide adaptation outside the lab. The high internet speeds
needed for smooth interactions are costly, and the typical 360° cam-
era rig used to generate high-fidelity avatars requires high compu-
tational resources [3]. Efforts for easier avatar creation and mo-
tion mapping for AR telepresence are being made by both academia
[5, 7] and industry [4, 1], but have yet to achieve field-deployable
methods for full body representation.

Since there is a lack of work showcasing the feasibility of AR
telepresence systems with full body representation outside the lab,
the following question arises: given the current state of hardware
and software available for AR telepresence, how feasible is it to
deploy such a system in the field with minimum complexity,
technical and cognitive overhead, and set-up constraints? To
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answer this, we conducted a study spanning eight visits with two
elderly residents of a long-term care (LTC) facility. Literature has
shown that older adults living in LTCs are particularly vulnerable to
loneliness due to constraints affecting their ability to meet their
loved ones [11, 13]. This makes them an ideal demographic since
they can significantly benefit from the enhanced social connected-
ness provided by AR telepresence. Additionally, LTCs present mul-
tiple challenges, such as limited shared space and varying internet
availability, making them ideal for testing the practicality of our
system. By successfully deploying AR telepresence in such an en-
vironment, we provide valuable insights that could be applied to
other settings and encourage future development and broader adap-
tation of HMD-AR in the real world.
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Figure 2: Architecture of the collaborative AR system used in the
study

2 METHODS
2.1 Data Communication

Figure 2 shows the architecture behind the communication of body,
facial, and voice data from one environment to another. This archi-
tecture was duplicated for both users, allowing bidirectional com-
munication. We ran the system on Alienware M18 laptops with 16
GB RAM and an NVIDIA RTX 4060 graphics card. Full-body and
facial data was collected using a Microsoft Azure Kinect camera
and Dollars Mocap software (see Figure 1), interfacing with Unreal
Engine 5.1 via a UDP socket. We sent this data to a custom Python-
based client that packaged, timestamped, serialized, and published
avatar and audio data collected from a wearable microphone to a
custom Python-based server deployed using Amazon Web Services
(AWS). The AWS server handled aggregating data from multiple
data streams and republishing data associated with each unique
user to all connected clients. Data transfer was implemented us-
ing ZeroMQ (ZMQ), an open-source messaging framework with
high speeds, low overhead, and efficient communication. The local
user’s audio, body, and facial data was serialized by Google Pro-
tocol Buffers (Protobuf), a widely available mechanism for storing
and transferring structured data across networks. Remote clients
subscribed to the AWS server’'s ZMQ publisher, deserialized re-
ceived messages, and sent the avatar data to Unreal Engine 5.0 us-
ing a UDP socket, presenting a visualization of the remote avatar.
For our implementation, two versions of Unreal Engine were re-
quired: Unreal 5.1 to meet requirements for the Dollars MoCap
plugin and Unreal 5.0 since the Mixed Reality UX Tools plugin,
used for hand interactions in AR, was not available for newer ver-
sions of Unreal Engine at the time of development.

Before deployment, we estimated our required network speed by
taking the average size in bytes for the avatar data and voice packets
sent to the network, multiplying it by the average number of each
packet type sent per second, and then multiplying it by four as there
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is a receiver (RX) and transmitter (TX) stream for both users. We
determined a minimum network speed of 60 Mbps.

2.2 AR Activities

A checkers game (total polygon count = 1.66 million) and a fire-
place decoration activity (total polygon count = 1.77 million) were
prototyped so that both users could interact with each other’s re-
mote avatars. We used direct hand manipulation- a standard mode
of interaction in AR- for moving the checker pieces. Air tap ges-
tures were used to manipulate items in the Fireplace activity. We
used the Photon Cloud Multiplayer networking plugin to synchro-
nize the movement of the interactive elements between the Unreal
applications on either user’s end. The participants’ avatars were
seated for both activities, across a table for checkers (see Figure 1
and beside each other for the fireplace decoration activity (See Fig-
ure 5 (a)). Some joint positions were fixed to keep the avatar sitting.
However, most lower body motion was still allowed. The Microsoft
Holographic Remoting application was used to run the AR applica-
tions on the HoloLens 2 to observe participant interactions.

3 FINDINGS
3.1 Participant Information

We recruited two participants for this study for all eight sessions.
Session activities are shown in Figure 4. During Session 1, par-
ticipants provided informed consent, completed a questionnaire
about their demographics and prior AR experience, and took a Self-
Administered Gerocognitive Exam (SAGE)- a state-of-the-art tool
used to evaluate thinking abilities [16] (see Figure 3). SAGE scores
determined the likelihood of cognitive impairment (with a score
below 17 reflecting a possibility of cognitive impairment). Both
participants had normal physical abilities, i.e., they could grasp,
pinch, walk, and stand easily, and they had a corrected-to-normal
vision. Both participants consented to the use of their own and
their avatar’s images included in this paper. The approval for this
study was obtained from Vanderbilt University’s Institutional Re-
view Board. Each participant was compensated with a $100 gift
card.

3.2 Metahuman Creation

Metahuman avatars were created using Polycam software- a mobile
application that reconstructs 3D scans using images of an object- to
create 3D scans of the participants during Session 1. These scans
were then used to make the first iteration of the Metahumans using
Metahuman Creator (see Figure 3). This process took about 2 hours
for each Metahuman. During session 2, we showed each participant
iteration 1 of both Metahumans. We interviewed about the overall
resemblance, facial features, skin color, hair, body shape, clothes,
and their comfort with being represented by their avatar. Overall,
both participants felt that P2’s avatar bore a closer resemblance to
him than P1’s avatar’s resemblance to herself. For iteration 2 of
the avatars in Session 3, we decided to include the participants in
the customization process. Neither participant requested changes
during Session 2, but when given the opportunity to do so, they
made significant changes to their Metahumans in Session 3 (see
Figure 3). P1 changed her clothing and hair, while P2 changed his
beard, hair, body proportions, and clothing. We again showed both
customized avatars to each participant, and both were comfort-able
with their own and their partner’s representation. However, P1
mentioned having limited options for picking body proportions.

3.3 Testing bidirectional communication

We tested network speeds and performed short runs of the AR ac-
tivities in different locations throughout the LTC. We used Google’s
internet speed test to measure network speeds. We considered the
internet bandwidth suitable for the system if the participants ob-
served or reported no noticeable delay or asynchronization. There
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Figure 3: Participant profiles, photos, and Metahumans created during iterations 1 and 2
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Figure 4: Deployment plan over eight sessions

were noticeable delays in avatar body movement in all except two
rooms — closest to the LTC’s single public router — in which we
recorded network speeds of = 80 Mbps.

3.4 Fireplace Decoration Activity

The initial spatial placement of the fireplace during Session 5 was
set to allow both participants to sit side-by-side (see Fig. 5 (a)) and
use 2D menus to decorate the fireplace with different objects and
control the sound and lights in their shared virtual environment.
Both participants were quick to learn the interface of the fireplace
activity. During this session, we observed that the distance be-
tween the local participant and the virtual fireplace and Metahuman
needed to be at least 10 feet in order to see both of them through
the limited field-of-view (FoV) of the Hololens 2. Given the lim-
ited space, we reduced the distance between the virtual environment
and the local user in the meeting room. As a result, the participants
were unable to have both the fireplace and the Metahuman in their
FoV at the same time (see Fig. 5 (b)). Consequently, we noticed
that the participants were less aware of their partner’s avatar and
hardly turned to look at it during the interaction. For Session 6, we
decided to adjust the spatial layout of the virtual environment such
that both the participant and the fireplace appeared together in the
local user’s FoV (see Fig. 5 (c)). We observed increased verbal en-
gagement and hand gestures, such as waving, between participants.

3.5 Checkers

Unlike the air tap interaction used in the fireplace activity, we de-
cided to use the HoloLens 2’s pinch and grab technique for pick-
ing up checker pieces to mimic real-world physical behavior [2].
During Session 7, both participants initially struggled with picking
up the pieces despite having normal dexterity. They could not tell
when to start the grab and pinch motion to get a hold of a piece.
Their focus shifted from playing checkers against each other to
learning how to move pieces by picking and putting back the pieces
out of turn. There was no verbal interaction between the partici-
pants during this period. Instead, they were more often asking for
assistance from the researchers conducting the study to help them
move the pieces. Both participants were able to acclimate to this
interaction modality towards the end of Session 7. For Session 8,
we let participants practice picking up the pieces before starting the
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game. After a few failed attempts, we observed that both partic-
ipants could grab and put pieces in the right place. We reset the
checker’s board and asked both participants to play against one an-
other. They maintained a turn-by-turn play with increased verbal
interaction.

3.6 Learning HoloLens Operation

During the last three sessions (6-8), we assessed whether partic-
ipants unfamiliar with HMD-AR could successfully navigate the
device from turning it on to entering the correct application. We
created a tutorial video with step-by-step instructions. Both partic-
ipants could turn on the HoloLens 2, enter a login PIN, and runthe
Holographic Remoting application within 20 minutes during
Session 6, but they needed verbal instructions to be able to do so.
During Session 7, the participants opted to view the tutorial again,
asked for minimal assistance to run the app, and completed the task
in less time. During Session 8, both participants opted to run the
app without the video tutorial. P2 required no assistance; mean-
while, P1 asked for minimal assistance. In the end, both of them
reported feeling comfortable using the headset.

4 DiIscUsSION AND CONCLUSION

The deployment of our AR telepresence system in a low-income
LTC presented challenges and insights into the field deployment of
AR technologies. Even though both participants were physically in
the same facility, the nature of our data communication system
required round-trip travel to a remote server, emulating interactions
between two remote users. Our field test highlighted several de-
ployment limitations, such as the need for appropriate space to set
up our system hardware —a dedicated PC, motion capture hard-
ware, and HMD-AR device —and a reliable internet connection —a
minimum of 80 Mbps was required for satisfactory performance.
Addressing these issues is not a trivial endeavor and will require
continued adoption of new advances in reality capture technologies
and optimizations in network usage.

Participants’ choices regarding their avatar’s appearance often
differed from their actual physical appearance, such as choosing
different hair or beard styles. This opens the possibility of AR telep-
resence systems and avatar creation as a method of self-expression
for users who cannot do so in real life. Enhancements in avatar cus-
tomization are a critical need, potentially through the use of model-
ing software like Blender, to allow for greater personalization and
variety in avatar creation.

Both participants experienced difficulty focusing on their part-
ner’s avatar while engaging in an activity, likely due to the limited
field of view provided by the HoloLens 2. This difficulty under-
scores the importance of designing AR activities that accommodate
the hardware’s restricted FoV to ensure that key visual elements are
within the user’s sight. This also motivates designing tasks and AR
experiences that can be quickly reconfigured to accommodate the
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Figure 5: (a) Initial avatar placement concerning the fireplace and the user. (b) FoV and space constraints were cutting off the avatar with initial
placement. (c) Updated placement of the avatar as an optimal solution for space constraint and limited FoV

space and shape constraints of a user’s workspace. In more com-
plex interactions, there was a noticeable decline in the participants’
awareness of each other’s avatars, even when the hardware’s FoV
was accommodated. A possible solution is more intuitive cues and
simplified interactions to help maintain focus and social connection.

Contrary to common stereotypes regarding older adults’ compe-
tency with new technologies, our participants overcame their ini-
tial unfamiliarity with the system, learned the built-in gestures of
the HoloLens 2, and effectively performed the presented activities.
This provides optimism that AR technologies can effectively target
diverse or cognitively challenged populations. That said, a major
limitation of this study is its small and homogeneous participant
group, which restricts the broad generalizability of our findings.
Our future work aims to collect insights from a larger and more
diverse audience.

This study provides a snapshot of bringing AR telepresence sys-
tems out of the lab and into non-optimal environments. We believe
the insights gathered can be a stepping stone for creating more in-
clusive, accessible, and empowering technologies for diverse pop-
ulations and their equally diverse environments.
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