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Abstract — This paper presents a prototype platform with 
remote characteristics, based on the use of Virtual Reality 
(VR) and Augmented Reality (AR). The objective is to allow 
multiple users to work remotely in shared activities taking 
advantage of recent advances in AR/VR. As case study, we 
used different AR/VR hardware to support two well-known 
board games: chess and checkers. While playing, the users can 
choose among several interaction possibilities: touch in 
standard 2D interfaces (running in mobile devices, PCs or 
interactive projectors), VR environments experienced through 
Head Mounted Displays, or AR settings-based on mobile 
devices or AR goggles to see and interact with specific pieces on 
virtual or real boards. The communication architecture 
developed for the platform allowing synchronous interaction 
and display of information among devices is also presented. 
Finally, results of a preliminary user study are presented. 

Keywords — virtual reality, augmented reality, remote 
interaction. 

 INTRODUCTION  I.

The past two decades have seen a fast-growing interest 
in research and development in the fields of Virtual and 
Augmented Reality (VR/AR), which are already used in 
various application areas, such as training, healthcare, 
education and remote communication [1][2][3][4]. 

 In recent years the number of AR/VR devices available 
has grown exponentially contributing to a reduction of costs 
and widespread usage of their use. Also, the use of mobile 
collaborative augmented reality has expanded rapidly [3] 
taking advantage of the hardware features of most current 
mobile phones, including wireless network capabilities that 
offer a natural platform for collaborative systems. Head 
Mounted Displays (HMD) are now widely available either 
for VR or AR, through optical or video see-through. 
However, these single-user devices present some challenges 
when it comes to collaboration since they operate 
independently in a standalone mode. Nowadays, 
collaborative activities in VR are often still performed using 
expensive Cave Automatic Virtual Environment (CAVE). 
Moreover, it is known that using video conferencing 
techniques, often create an artificial separation between the 

real world and shared digital content, forcing the user to 
shift among a variety of spaces and modes of operation[5]. 

Some works explored mobile collaborative AR (MCAR) 
systems, mainly using two approaches: face-to-face or 
remote interaction to accomplish specific tasks. The first 
MCAR system described the use of AR to collaborate with a 
remote user on a desktop computer [6]. Other MCAR 
systems allow multiple users using both face to face or 
remote collaboration [7][8][9]. Additionally, voice was also 
explored in a VR system for conferencing spaces [10], 
where users are surrounded by virtual images of other users 
which they are conferencing with and are able to hear 
spatialized audio streams from their locations. Recently, a 
multi-user system was developed using server-client 
architecture, named CoVAR [11]. This system consists in a 
room-scale mixed-platform for remote collaboration, where 
a user can capture and share the local environment with a 
remote user, and both can collaborate on spatial tasks. As 
such, VR and AR techniques can be used to enhance 
communication regardless of proximity. Information overlay 
can be used by remote collaborators to annotate the user's 
view and to enhance face-to-face conversation by producing 
shared interactive virtual models.  

In this paper, we present the early steps towards a 
collaborative platform. Using VR and AR, the platform is 
capable of allowing multiple users to work remotely in 
shared activities. The platform provides different types of 
interaction between multiple users through different cross-
platform devices. The goal is to create a system that 
supports several different types of AR/VR devices and 
interaction styles in order to overlay information that may 
be useful to remote collaborators producing shared 
interactive mixed reality visualisation and promoting 
collaboration and communication regardless of proximity 
As an example of a collaborative activity to evaluate our 
approach, we selected two well-known board games: chess 
and checkers allowing playing through different interaction 
possibilities, based on available cross-platform devices.  The 
general architecture communication is presented, as well as 
some preliminary results from exploratory user studies. 



 PLATFORM FOR REMOTE INTERACTION II.

The goal of the platform is to allow multiple users to 
interact remotely in shared activities while supporting 
different AR/VR devices. The idea is that the type of 
interaction (VR, AR, mixed, etc.) could be adapted to the 
task in hands and the existing hardware. As case study, 
different interactions were created for the popular chess and 
checkers board games. Users can select between different 
interaction possibilities:  

• 2D standard touch-based interfaces (using mobile 
devices, computers or interactive projectors) 

• Immersive VR environments using HMDs.  
• AR applications (using AR headsets or tablets) that 

support hand recognition for pieces manipulation 
and algorithms to align virtual pieces with a real 
board.  

Besides playing, users can also select to act as a 
spectator, watching the ongoing games or as an assistant, 
providing suggestions/clues to the users playing the games. 

The platform was developed using the Unity 3D game 
engine, combined with specific SDK’s for the different 
devices used.  

 Architecture A.

The platform architecture is based on a Server-Client 
approach as depicted in Figure 1, focusing on simplicity and 
scalability. The architecture exchange messages (based on 
specific events) between applications to trigger updates on 
the interfaces of all devices, as long as they are connected to 
the same wireless network.  

 
Fig. 1. Proposed Architecture for the AR/VR remote interaction 
platform. 

The server is responsible for managing multiple user 
connections, creating the necessary communication channels 
and assuring that all changes in the platform are replicated 
through all devices. The server also contains a database, 
with the current application/game states.  

Several clients can run simultaneously in Virtual and/or 
Augmented Reality devices, and auxiliary devices 
responsible for capturing alterations on the world (for 
example a camera detecting game pieces as input to the 
system). According to the device being used, different 

interaction possibilities and interfaces are available. 
Nevertheless, the communication process remains the same 
to all devices, allowing adding new devices without being 
limited to specific technologies. 

 Case Study 1 – Chess game B.

One of the case studies developed was a chess game that 
replicates the chess scene in “Harry Potter and the Sorcerer's 
Stone” movie. Following this context, two types of 
interfaces were developed: one in 2D with a bird’s eye view 
of the game board (Figure 2) and another in 3D, replicating 
the scene in the movie when the actors are walking in the 
chessboard, next to human size chess pieces (Figure 3). The 
2D interfaces shows all the available moves associated with 
a selected piece and can be used either by the server or the 
client in any cross-platform device. In contrast, the 3D 
environment was built specifically for the client, aiming to 
be experienced through a VR HMD, in our case, an HTC 
Vive Headset. In this VR setup, the interaction with the 
environment is performed using the Vive remote controllers, 
allowing users to select pieces (magic hand) and visualise 
the available moves. The 3D models were obtained from 
external sources, but all the animations associated with the 
capturing of the opponent pieces were a new addition to the 
models. Moreover, it is possible to teleport to a new location 
on the game board using the “broom metaphor”. In this case, 
the virtual broom presents a 2D global representation of the 
board game (Figure 3) providing an overview of the game 
state to the user. 

 
Fig. 2. Case study 1 - 2D interface enabling to manipulate chess 
pieces in a laptop or mobile device 

  
Fig. 3. Case study 1 – User manipulating 3D chess pieces in the 
virtual environment using an immersive VR HMD (Left). A 2D 
representation of the board game is presented by one of the 
controllers, providing an overview of the game to the user (Right). 

 Case Study 2 – Checkers game C.

The second case is based on a checkers game. Following 
the same principles as before, two types of interfaces (2D 
and 3D) were developed. Once again, 2D interfaces can be 
used either by the server or the client in any cross-platform 
device. In contrast, the 3D environment was build with 



special attention to the interaction mechanisms available in 
specific devices: VR HMD (Samsung Gear VR), AR HMD 
(Meta Glasses 2) and an interactive projector (Sony Xperia 
Touch Projector). This allows the use of different 
combinations of multiple devices simultaneously for the 
same game (2 players, with a variable number of assistants 
and spectators). For instance, it is possible for one player to 
use a tablet to detect changes on a real world checkers board 
in an AR setting, while the opponent can play the game 
using a virtual representation on the device screen (Figure 
4).  

Since a combination of real and virtual pieces co-exist in 
the AR game configuration, the OpenCV asset for Unity and 
ArUco markers were used to segment the physical pieces 
and obtain their position on the real board. The internal 
camera of the tablet, or an external camera, is used to 
capture images from the real game board and color 
segmentation is performed in the HSV color space to 
increase robustness to illumination variations. The virtual 
pieces of the opponent (remote player that may be using any 
other device) are presented in the tablet image in the correct 
location after pose estimation based on ArUco markers 
located in predefined position in the side of the board.  

  
Fig. 4. Case study 2 - User manipulating real world checkers 
pieces in AR. The tablet displays the image captured by the camera 
overlaying the virtual representation of the pieces of the opponent 
(white pieces). 

A possible configuration for the opponent uses the Meta 
Glasses 2 headset to present the virtual board in the user 
field of view and hand recognition (available in the SKD) to 
interact with the pieces on the virtual board (Figure 5).  

  
Fig. 5. Case study 2 - User wearing the Meta 2 headset and 
manipulating checkers pieces through hand gestures. The laptop 
displays the user’s view. 

Other configurations are possible either to play, to watch 
or to suggest movements. For instance, the user might be 
immersed in 3D environment using a VR HMD or use a 2D 
interactive projector (Sony Xperia Touch Projector) to play 
or suggest moves using touch gestures (Figure 6).  

 
Fig. 6. Case study 2 - User providing suggestions through touch 
gestures on a 2D user interface provided by an interactive 
projector. 

 PRELIMINARY RESULTS III.

An informal test with 15 participants has shown 
promising results: all participants were able to explore the 
platform playing with different devices, against other 
opponents. After completing one game, participants 
switched devices in order to try all available possibilities. 

In case study 1 - chess game, one of the players used the 
HTC Vive HMD, while the second player could use a 
mobile device or a laptop computer. The interaction through 
haptic controllers was challenging at first, since several 
users had never used a VR HMD. Nevertheless, after a short 
adaption period, users quickly select the desired pieces and 
moved across the board without any constraints.  

In case study 2 - checkers game, one of the players use a 
tablet to detect the real-world pieces on the board. The other 
player wore a Meta 2 AR headset and interacted with the 
virtual pieces using hand gestures. Similarly, this type of 
interaction also required an adaptation period to properly 
select a piece. Even though hand interaction is familiar to 
participants, all movements had to be done in front of the 
device cameras, which required the participant’s (constant) 
attention during their turn.  

Participants also tested the possibilities to act as a 
spectator or as an assistant. Spectators used a Samsung Gear 
VR headset to view ongoing games in a 3D environment, 
while assistants used an Android tablet, or the Sony Xperia 
Touch Projector to provide clues using 2D user interfaces.  

Based on the overall experience, participants found 
interesting the ability to play against an opponent using 
different interaction possibilities. Notwithstanding, they 
provided suggestions regarding the platform usability. In 
both case studies, participants suggested more visual 
feedback to display which user should make the current 
move. Instead of just a quick indication, participants 
suggested the information to be always displayed.  



The inclusion of sound was also proposed to present 
alerts regarding player’s turn as well as new suggestions 
from assistants. Furthermore, participants felt the need to 
have a different mechanism to accept or reject a suggestion 
(besides the one used, which highlight specific pieces).  

 CONCLUSIONS AND FUTURE WORK IV.

In this paper, we present the first steps towards a 
collaborative platform. Currently, the platform uses VR and 
AR to allow multiple users to interact remotely in shared 
activities using different cross-platform devices. Two case 
studies were developed using chess and checkers games to 
understand the platform strengths and flaws. The proposed 
architecture enables communication between cross-platform 
devices, allowing synchronous display of information and 
use of different types of interaction mechanisms, opening 
the possibility of using the platform in other scenarios 

Future development will focus on participant’s 
suggestions, namely the improvement of visual feedback 
mechanisms and using sound. Hand and gestures 
recognition also requires some updates in order to provide 
more natural interaction. Additionally, collaborative  
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