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Figure 1: The overview charts shows how remote user interact with local user through AR-enabled social robot 

Abstract 
Embodied communication, which uses physical cues to convey 
meaning and emotions, is essential for building social connections. 
In this work, we introduce SenseBot, an augmented reality (AR)-
enabled robotic representative designed to facilitate embodied com-
munication. SenseBot acts as a local agent for remote users, allowing 
them to engage more interactively and meaningfully with people 
on-site. 

CCS Concepts 
• Human-centered computing → Ubiquitous and mobile de-
vices; Mixed / augmented reality; Web-based interaction; Col-
laborative interaction. 
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Robot, AR, social connection, remote communication, embodied 
communication 
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1 Introduction and Related Work 
Social connections are crucial for health and well-being, reduc-
ing loneliness and promoting longevity. However, maintaining 
these bonds can be difcult without physical contact [3]. Embod-
ied communication—using physical cues and gestures to convey 
meanings and emotions—becomes important in remote interac-
tions. This approach is particularly efective for children, as it helps 
capture their attention and maintain their engagement [2], thus 
strengthens emotional bonds with their remote family members 
(e.g., siblings [5], grandparents and grandchildren [9, 10], children 
and parents [6]). However, most studies focus on symmetric, real-
time communication, which may not always be feasible due to 
difering schedules, technological comfort levels, or device access. 
This highlights the need for more fexible communication systems 
to ensure meaningful connections across generations. For example, 
Haptic Bubble [1] enables playful interaction through a combina-
tion of physical and virtual components in an asymmetric setting, 
where children use physical devices while remote adults use a mo-
bile application. This setup can be adapted for intergenerational 
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communication, fostering emotional connections and engagement 
across diferent age groups [11]. 

Social robots are increasingly used in children’s companionship 
by simulating human behavior and emotions [3, 7, 11]. Combin-
ing AR with robots enhances engagement through dynamic, real-
time visual feedback. For example, AR Math [4] and user-generated 
AR [4, 8] shows that combining virtual systems with physical blocks 
provides engaging, intuitive learning with real-time feedback, en-
hancing interaction between children and social robots. To address 
these limitations, our system integrates AR technology into a social 
robot, providing user-defned visual cues and an immersive experi-
ence. By incorporating asymmetric design, we aim to strengthen 
emotional connections between children and their remote family 
members, blending fexibility with richer emotional expression. 

2 System Design 
We proposed SenseBot, an AR-based social robot designed to en-
hance remote inter-generational communication between children 
and distant family members (e.g., siblings, parents, grandparents). 
SenseBot serves as both a companion and an on-site representative 
for remote users, facilitating embodied interactions. With an asym-
metric design—where remote and local users have diferent roles 
and interaction capabilities—SenseBot allows for fexible communi-
cation, accommodating varying schedules and contexts. 

This section outlines the components for remote and local users 
in the SenseBot system and provides an overview of the embodied 
and AR interactions it supports. 

2.1 Remote Client 
The remote users mainly use a application to defned the AR and 
embodied interaction of SenseBot for local users. The application 
allows remote users to design their local agent, send embodied 
social interactions or be notifed when received the message from 
local client. There are three diferent components involved in the 
SenseBot’s application: 

• Customize robot’s appearance: First, remote users can 
design the robot’s AR appearance as their communication 
agent. Robot (has head and body, attached with an AR im-
age target) is customized with remote user’s headshot and 
clothes. They can preview the robot’s AR efects through the 
application. It doesn’t need to be human-like, can be object, 
animal or cartoon characters. 

• Defne trigger-outcome interaction fow: Remote users 
can design how local users trigger the robot, specifying ac-
tions, trigger points on the robot, and the resulting embodied 
response or AR efect (see fg.1). These custom fows are sent 
to the robot via the app. 

• Receive notifcations and send interactions: Remote 
users receive lightweight notifcations about the local user’s 
status as observed by SenseBot (e.g., unhappy today, likes 
apples, see fg.1). They can then use the app to send asyn-
chronous robot or AR interactions in response. 

2.2 Local Client 
Local users directly interact with robot, and they use an mobile 
application to see the AR efect of robot. 

• AR efects display: Local users can touch, pat, wave hand(or 
other physics action)to trigger remote user-defned AR visual 
efects. They can use the application on their smartphone or 
pad, turn on the camera, and see the AR efect on the robot. 

• Audio feedback: SenseBot can play audio, including music 
or natural speech, and engage in conversations using large 
language models. 

• Facial emotion detection: The system uses AI-driven facial 
emotion recognition to detect the local user’s emotional 
state. Based on detected emotions or surrounding objects, 
the robot generates soothing voice responses via LLMs and 
sends relevant notifcations to the remote user’s application. 

• Contextual information monitoring: We plan to use 
Grove sensors, including the Tilt Switch, Temperature Sensor, 
Rotary Angle Sensor, and Light Sensor v1.2. 

• Physical interactions detection: The system will utilize 
Grove sensors such as the Vibration Sensor (SW-420), Mini 
PIR Motion Sensor, Loudness Sensor, and Ultrasonic Ranger 
to detect physical interactions from the local user. 

3 Workfow 

Figure 2: The interaction fow charts of remote user initiated 
and local user initiated communication. 

In remote user-initiated interactions, the remote user designs 
interaction fows via the app, defning triggers like "pat my head" 
and corresponding AR efects or robot actions. The local user acti-
vates these fows through physical actions, prompting the robot to 
perform tasks like displaying an AR cake, an AR bird, or dancing. 
The local user can interact using the AR camera, and the robot can 
also provide audio responses, such as music or spoken messages. 

In local user-initiated interactions, the robot uses AI vision to 
observe the user’s emotions or actions. If the user appears unhappy, 
the robot notifes the remote user, who can then select a feedback 
method via the app, such as AR efects or physical interactions. 
The robot executes the chosen interaction and communicates the 
results to the local user. The system also allows the remote user to 
customize the robot’s appearance and defne new interaction fows. 

These asynchronous workfows (see fg.2) ensure smooth com-
munication between remote and local users, supporting both syn-
chronous and asynchronous interactions to accommodate diferent 
schedules and enhance the user experience. 
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