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Abstract— this article is a synthesis of research on the use of 
virtual reality tools as a communication tool. This is one of the 
topical subjects concerning immersive telepresence. Number of 
systems that struggle to make the communication system better 
is important. For our part, we have designed a new type of 
communication system to provide the user with an 
unprecedented immersive telepresence experience using the 
second generation Virtual Reality Open Source Development 
Kit or OSVR HDK 2 from the hardware specialist. PC game, 
Razer, by combining with a LeapMotion motion sensor. 
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I. INTRODUCTION  
Telepresence is defined as the experience of presence in a 

remote environment by means of a communication medium. 
It implies, to see but also to intervene with this environment. 
Virtual reality is a form of telepresence that involves 
integrating the real world into the virtual world. 

This article presents the exploitation of a virtual reality 
tool to solve the problem of presence, thus, to provide a user 
the possibility to be present in remote environments via this 
tool, to feel present and communicate freely. 

The system is based on the use of a virtual reality 
headset, specifically Razor's OSVR[1]  (Open-Source Virtual 
Reality) by combining with a LeapMotion[2][3] motion 
sensor. They aim to better explore such telepresence tools 
which have a certain number of sensors and which present a 
great technical complexity. 

II. MOTIVATION 
One of the project's goals is to offer an immersive 

telepresence experience with innovative virtual reality tools. 
We propose a new approach to significantly increase the 
immersion of our bodies during communication. In addition 
to this, the user can have the opportunity to act on this 
remote site. 

Assuming that the telepresence submits the senses of 
users to stimuli that give the impression of being at a remote 
site. Yet, there is an overwhelming majority of uses of the 
sense of sight and hearing compared to other senses. This is 
easily explained by the predominance of the sense of vision 
in the human being in front of all the other senses. This does 
not help us very much to evaluate the communication 
systems in relation to the desired immersion. 

TABLE I.  To do this, we will subjectively classify the 
types of messages according to the communication tools 
used. Assuming that a tool that uses all types of messages is 
worth 100% as a score. 

Table I shows the subjective classification of the 
percentage of participation of the type of the messages in 
relation to the communication tools [4]. 

The sound quality of a voice according to its pitch, 
intensity and timbre, facial expressions, body language, 
writing, the ability to act and interact are elements that 
improve communication and the understanding of the 
message. However, there does not seem to be any work on 
the combination of these behaviors in a system. In his work, 
Judée K. Burgoon[5] argues that 60% of 

TABLE II.  SUBJECTIVE CLASSIFICATION OF PERCENTAGE OF TYPICAL PARTICIPATION OF MESSAGES COMPARED TO COMMUNICATION TOOLS

Tools Type of messages 
Score (%) Sound Parole Video Gestes Text Interactive Other 

Other - - - - - - X 14.28% 
Audio conferencing X X - - - - - 28.57% 
Videoconferencing X X X - - - - 42.86% 
Instant messaging - - - - X X - 28.57% 
Visioconferencing X X X - X - X 71.43% 
Remote handling X - X X - X - 57.14% 
Telepresence X X X X X X - 85.71% 
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Figure 1.  Data sends according communication tools. 

communications are nonverbal. Therefore, the majority of 
communications do not use speech, whereas this type of 
message is one of the most exploited. On the other hand, 
traditional communication tools do not consider other types of 
messages that result in a considerable loss of information. 

The telepresence system we offer can provide users with a 
greater sense of immersion in the remote environment with the 
ability to manipulate and control remote objects. The general 
model is represented with figure 2. 

Figure 2.  The general model 

III. RELATED WORK 
This section presents some extracted systems in the 

literature. In order to give an overview of the relevant elements 
that have emerged in this area. 

Our study of communication systems focuses on technical 
issues such as immersive presence and remote manipulation, 
rather than the psychological aspects that need to be addressed 
in complementary studies. Textual communication is not 
considered to be VR because it does not improve immersion 
but rather decreases. However, it is widely used in large scale 
virtual internet environments and can be usefully used for 
social interaction in virtual environments. Nonverbal  

 

 

 

 

 

 

 

 

communication plays an important role in coordinating the 
actions of teammates for collaborative activities. But a vast 
literature find that the quality of audio communication can be a 
major obstacle to collaboration and fluid interaction. 

There are many types of telepresence systems[6], such as 
manipulation, communication, surveillance, assistance, or even 
tele-robotic surgery, which is a concept developed with US 
Department of Defense grants, in the early days. Year 2000, 
which attempts to minimize combat deaths through rapid 
surgical treatment[7][8]. Thanks to the telepresence system, 
users can feel each other. This is achieved by capturing, 
transmitting and recreating sensual information to system users 
in an environment that is physically far from oneself. Bryson 
Steve's[9] experience with telepresence robots has led drivers to 
believe that telepresence is a great way to recreate feelings[10].  

A robot is usually a computer-guided electromechanical 
machine [11], and telepresence robots[12][13][14] incarnate the 
remote operator to perform almost all the interaction and 
operation tasks required. It is part of the interactive objects that 
have the three attributes of teleoperation (direct, virtual and 
augmented teleoperation). And he has the ability to move in 
their environment and is not attached to a physical place[15]. In 
guiding these kinds of robots[16][17], one is preoccupied with 
the control and one loses the objective of this feeling of 
presence [18]. 

According to Milgram's continuum[19], mixed reality 
contains augmented reality, but also augmented virtuality, 
which consists of integrating the virtual world into the real 
world. In augmented reality, the level of interaction between 
real and virtual objects is very variable. It can range from 
graphical positioning of virtual objects on a real image [20][21] 
to realistic inclusion of virtual objects in the real world [22]. A 
virtual environment is, therefore, a completely designed 
environment realized by a three-dimensional modeling engine 
[9]. 

Virtual reality (VR) research is quite diverse, with some 
university research groups specializing in eye tracking [23]. 
Rayner's studies [24] have provided eye tracking applications 
for reading and other information processing tasks. Recently, 
eye tracking helped answer questions such as how the learning 
objectives may influence visual attention and learning itself 
[25]. Other research specializes in gestural analysis [26], which 
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facilitates natural human-machine interaction[27] and helps 
identify areas for further research. Other virtual reality 
specialists are focused on sensor fusion [28]. 

IV. PROPOSED MODEL 
In this section, we describe the interaction devices to 

describe the movements of the user's head, his hand 
movements and the virtual environment used to capture these 
movements on an HMD (Head Mount Display). We will use 
HMD for Head Mount Display in the rest of this paper. Also, 
we will describe the telepresence part, as well as the materials 
and conditions taken into account. 

Synchronized by the device, a 3D scene is distributed in 
real time to the OSVR as well as in the virtual environment. 
The user actions are translated by the device and send to the 
basic interaction unit of the environment, then send to the robot 
for any interaction or movement, through a communication 
network. The presence robot receives the control data and 
reacts. Then, the remote environment is returned to the virtual 
environment and retransmitted to the device.  

A. Hardware configuration 
For this project, we used two major hardware components, 

including a VR ready laptop with an HMD OSVR HDK2[1] 
combined with the LeapMotion[3]  controller and a 
telepresence robot kit. 

The device that captures head movement and video 
forwarding is the OSVR HDK2[1] virtual reality headset. It 
adopts the VRPN[29] approach which provides access to a 
variety of VR devices via a common and extensible interface 
and supports multiple device classes such as motion trackers, 
eye trackers, tracker position, camera depth, haptic controllers 
and biometric sensors[1]. 

Figure. 3: The directions of movement of the device for the navigation of the 
telepresence robot 

The use of such a headset consists in directly connecting 
the degrees of freedom of the head to the degrees of freedom of 
the interaction device. The head motion data, as well as the 
data from the IMU (Inertial Measurement Unit) provide 
through all these interfaces and sensors, are translated to 
control our telepresence robot. With a resolution of 1080p        

* 1200p on 90 fps per eye thanks to its two screens, the virtual 
environment as well as the remote environment is retransmitted 
in the HMD. In figure 02 where the infrared sensors of the 
OSVR are lit, we show the direction of movement of the device 
for the navigation of the telepresence robot. 

The LeapMotion has two VGA cameras and three infrared 
LEDs to capture depth information. And with these sensors, he 
can individually distinguish the fingers and follow his 
movements with a precision of 1/100th of a millimeter. Able to 
recognize thumbs, fingers, and even pencils, create 
personalized gestures. The LeapMotion controller manages the 
control for moving the car forward/backward and left/right. 
The unity coordinate system superimposed on the Leap Motion 
device in its HMD orientation is presented in figure 5. 

 
Figure. 4: The Unity coordinate system superimposed on the Leap Motion 

device in its HMD orientation. 

We used a kit based on Raspberry Pi 3 on which a cameras 
Pi-Noir type is connected. MJPG-Streamer stream processing 
API is installed on it and allows real-time video transmission. 
We used an Arduino Uno board to drive the Pro Micro Servo 
SG90 stepper motor to reproduce the movements of the head to 
rotate vertically and horizontally. 

Combining all these devices we have the general hardware 
architecture of our system, shown in Figure 6. 

 
Figure. 5: Hardware architecture of our system 

B. Software configuration 
The collaborative work environment has been developed 

under the Unity 3D game engine, and enables multi-user 
communication. Communication is via a Unity package for 
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multiplayer games, a dedicated server, Photon Unity 
Networking (PUN). Photon allows a connection 20 
simultaneous users on the free plan. We used several assets for 
the realization. 

The Virtual environment offers the immersion of the user, 
equipped with a VR headset. It is based on the OSVR SDK 
(Software Development Kit) for Unity 3D which is designed 
for VR headset use and allows to manage cameras. Leap 
Motion SDK v2.3.1 was used for interaction with the leap 
Motion sensor. We used several assets like the GoogleVR 
Plug-in for Unity to manage the cameras for other VR 
headsets, and we used Unity standard asset for the 
environment. We used the C# programming language (CSharp) 
with the Mono develop editor of the unity. 

The application includes 5 main menus (Connection, 
Options, Graphics, Evs Collaborative Work and Network). 
Some features are not yet available in this release.  

The "connection" menu consists of communicating with the 
telepresence robot. Before you set up a communication, you 
must first configure the connection parameters and the devices 
to use.   

The figure 06 show the main menu of Collaborative Work 
Environment. 

Figure. 6: Collaborative Work Environment Main menu 
The menu “Option” is for configuring communication with 

the SmartCar and check if the devices are detected. The 
configuration interface is to activate the Sound/Microphone, 
test the communication with the camera and the couple 
OSVR/LeapMotion.  

 

 

 

 

 

 

 
Figure. 7: The application configuration 

The figure 7 show the devices option of the application. 

The "Evs Collaborative Work" menu, Evs as Environments,  
consists to joining the virtual environment for communicate 
with other users. In the context of this work, it is important to 
remember that the system allows to collaborate with up to 20 
users, unless we change the strategy plan within the service 
provided by Photon Unity Network plugin. Although this 
feature is not available until the next version of the application, 
Figure 8 shows the interface for joining an ongoing conference. 

 
Figure. 8: Room of Evironments Collaborative Work 

C. Navigation 
The navigation with the robot is made with the LeapMotion 

motion sensor and the right hand thanks to a robot control 
interface. To advance, we open the right hand and push 
forward, it's the same to back, and return back the hand. The 
speed depends relatively on the positioning and movement of 
the hand relative to the sensor. The driver sets the speed by 
interacting with the control interface. The control interface and 
driving in itself some difficulty, to use it, it takes a little 
practice and getting used. We are going later to be able to 
adjust this control and improve navigation in terms of 
accuracy. 

 
Figure. 9: Respectively (i) To move Forward/Backward, (ii) To Stop, (iii) To 

turn left, (vi) to turn right. 
We will present a screenshot of the communication, the 

user in local space with OSVR HDK2 + LeapMotion and 
Remote space with Substitution Telepresence Robot in figure 
11. And a screenshot, the result of how user in local space 
preview the remote space environment inside the headset. 
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Figure. 10: User on the remote place preview inside the headset. 

In this article, we will restrict the framework of analysis of 
the experiments, only to those concerning the success and 
aforementioned materials that we offer as an immersive 
telepresence tool solution. 

 
Figure. 11: Respectively (i) User in Local space with OSVR HDK2+ 
LeapMotion, (ii) Remote space with Substitution Telepresence Robot 

V. LIMITATIONS AND FUTURE WORK 
Our system is limited to immersive telepresence, which 

exploits the sensory abilities of the user for total immersion. 
Unlike other telepresence approaches, ambient telepresence is a 
method of giving someone the feeling that someone else is 
present while that person is not co-located[30]. 

Our communication system is limited to 20 user, so does 
not allow to link more users simultaneously in the environment 
beyond that. The network configuration was limited locally 

where the robot and the computer were connected to the same 
router. 

Using a smart car kit based on the use of a Raspberry Pi3, 
we omitted the teleoperation part. This feature can be 
implemented using another suitable telepresence robot. 

In this work we make the assumption that the 
implementation of a collaborative system for a drivable remote 
device can improve the way of communicating and at the same 
time improves the organization of teamwork in a collaborative 
working environment allowing to support technically work 
processes. 

To verify our hypothesis, we will do a survey of 
deployment with different users. Implementing our system, 
within different entities will allow us to measure and verify if 
the communication systems can be improved by using a 
headset and virtual reality tools. Actually, our system does not 
yet have the intuitive navigation interface for telepresence 
robots, this navigation system will be implemented as an 
update. 

VI. CONCLUSION 
Communication networks and the Internet are ubiquitous, 

we can easily be in a remote location thanks to telepresence 
technologies, with a keyboard, a computer, a smartphone to 
chat with family members, play a game video on a tablet or 
organize a party in a virtual room. 

Finding an efficient and reliable system that saves time, 
material, human and financial resources is not an easy task. 
The ideal is to be able to access one's place of work without 
moving or spending a lot of resources, for example, in a 
collaborative work environment that provides people with help 
in their individual and professional work. 

In perspective, we will implement the collaboration 
primitives for a support robot that can share the tasks of a 
human operator, near or at a distance, interact with him and 
help him, or even perform certain tasks in its place. 

It will be a question of programing this robot in such a way 
that it is able to collaborate with the users within the 
framework of the precise work on the basis of a list of tasks 
forming part of the collaboration. 
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