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Abstract: Paraplegia is an impairment in motor or sensory function of the lower extremities. It is one of the 
conditions that exclude many people from the real society. Due to this limitation, many people have lost their 
jobs, some cannot take academic activities or participate in social events. In this scenario, the telepresence concept 
arises as an exciting field that includes virtual reality implementations, human-system interfaces, communication 
technologies, and robotics. In this direction, telepresence robots permit a virtual presence of persons in places where 
they are physically absent, such as in companies, lessons, and social events without the need to leave their homes. 
However, there is a gap in methodologies that can be applied in an appropriate way for their design and prototyping, 
that are addressed to help people with paraplegia. This paper describes a design methodology and development of a 
mobile telepresence robot for paraplegics. The design methodology introduced considers the mechatronic nature of 
the robotic devices. It can also be applied to similar projects development. It is systematic and follows a top-down 
approach, subdividing the mechatronic system problems into mechanical, electronic, and computational systems 
issues. In the mechanical system development, the robot’s mechanical structure was developed and constructed, 
presenting the technical drawings of the robot’s vertical structure and base. In electronic system development, an 
electronic command system was designed, which includes selection of sensors, motors, and a power board. In 
computational system development, an interaction between the user and the robot was designed to be established 
via the IP addresses of their individual locations. The results have shown to be promising to fill the lack of research 
in this essential specific area.
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1. Introduction
The term telepresence was coined in an article published 

in the OMNI magazine, in June, 1980, by Marvin Minsky, co-
founder of the Massachusetts Institute of Technology’s Artificial 
Intelligence (AI) Laboratory. In the article, the concept of 
telepresence was described with a jacket, lined with sensors and 
muscles like motors, in such a way that, each motion of user’s 
arm hand and fingers is reproduced at a distance place by mobile 
mechanical hands, thereby making it possible for the user to be 
able to work, not only in another place or another country, but 
also to be able to work in another planet, and without ever leaving 
home (Minsky, 1980). In this sense, Telepresence robots can be 
described as robots that permit a virtual presence of persons in 
places where they are physically absent.

With advances in robotics, video conferencing technologies, 
and human-system interfaces, the concept of telepresence 
arises as an exciting field that integrates virtual reality 
implementations with human-system interfaces, robotics, 
and communication technologies. In recent years, several 
attempts were made in the literature to design and develop 

mobile telepresence robots for various applications, such as for: 
paraplegics, academic, medical assistance, factory inspection, 
among others. However, other scenarios of applications, 
features, that telepresence robots must incorporate for use in 
ad-hoc interactions, and who benefits from using these robotic 
devices are discussed in Tsui et al. (2011).

A motor disability is defined as a physical or motor 
dysfunction that can impede movement, coordination or 
sensation, which may be congenital or acquired. The acquired 
forms are mostly caused by traffic accidents, accidents at 
work places, medical errors, war, violence, malnutrition, 
among others. Some of the types of motor disabilities are: 
monoplegia (paralysis of only one body member), hemiplegia 
(paralysis of half of the body), paraplegia (paralysis from the 
waist down), tetraplegia (paralysis from the neck down), and 
amputation (missing a body member). In this work, the main 
focus is paraplegia. However, applications can also extend 
to hemiplegia, monoplegia and amputation, where the user 
is considered to have movements at his hands. The required 
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movements at the user’s hands are to enable him/her navigate 
the robot using an interface on computer or tablet. Also in 
this work, the target users of the final product are considered 
to be Brazilians.

The number of paraplegics is increasing worldwide. 
For instance, in the United States of America alone, there were 
approximately 5.6 million paraplegics in 2019, which was 
equivalent to 1.9% of the total US’s population in that year 
(Christopher & Dana Reeve Foundation, 2019). In Brazil, in 
2018, about 6.7% of the Brazilian population showed some 
type of disability (Lailla et  al., 2018), and it is our belief 
that, a big part of this population consists of paraplegic 
patients. Due to this limitation, many people have lost their 
jobs, while some cannot take lessons from their schools, and 
some cannot even participate in social events. In this sense, 
a motor disability can be considered as one of the conditions 
that exclude many people from the real society.

In order to provide a tool to free these people to the 
outside world, and to provide them a means by which they 
can work, participate in lessons or social events, without the 
need to leave their homes, a low cost mobile telepresence 
robot is proposed and developed through a created design 
methodology which facilitates its development and reduces its 
production cost. The methodology considers the mechatronic 
nature of a problem in question, and systematically subdivides 
the mechatronic system into three sub systems, which are: 
mechanical, electronic, and computational systems. Each 

system is developed individually, and integrated together to 
form a single mechatronic system.

In the mechanical system development phase, the robot’s 
mechanical structure was developed and constructed, 
presenting the technical drawings of the robot’s vertical 
structure and base. In the electronic system development 
phase, an electronic command system was designed, which 
includes, selection of sensors, motors, and a power board. 
While in the computational system development phase, an 
interaction between the user and the robot was designed 
to be established via the IP addresses of their individual 
locations by using a computer or tablet. In this case, two 
programs in HTML (HyperText Markup Language) were 
developed, a user program and a robot program. Java 
codes were integrated into the two programs permitting a 
video conference between the two sides. Another java code 
was integrated only into the user program for the robot 
navigation control.

2. Design methodology
In this work, a sequence of steps was created for the 

proposed design methodology, which are: (a) Problem 
definition and Keyword selection, (b) Literature review 
analysis, (c) Project requirements, (d) Mechatronic system 
development, (e) Prototype construction (f) Solution testing, 
and (g) Results communication. The six possible ways for 
this sequence of steps are shown in Figure 1. 

Figure 1. The Six Possible Sequences for the Design Methodology. Source: Author.
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For this work, the first sequence, indicated by the 
pink colored arrows was selected, and it strictly follows 
these steps: Problem definition and Keyword selection 
➔ Literature review analysis ➔ Project requirements 
➔ Mechanical system development ➔ Electronic system 
development ➔ Computational system development ➔ 
Prototype construction ➔ Solution testing ➔ Results 
communication.

In the mechatronic system development phase, the 
mechanical system was developed first, then the electronic 
system and finally the computational system. The advantage 
of this arrangement is that, for the majority of mechatronic 
systems, there is the need for system identification before 
the control system is developed. Through this process, the 
mathematical models of the dynamic systems are built by 
using measurement of the system’s input and output signals. 
This input and output measurement can only be measured 
from the mechanical and electronic systems already 
developed. However, in this work, the aim for selecting to 
start with the mechanical system design is to facilitate a 
proper dimensioning of motors, since the required torque 
in the electronics system depends on mechanical system’s 
properties, such as, the structural weight, inertia and friction.

3. Problem definition and keywords selection
In the Problem definition and Keywords selection phase of 

the design methodology, the problem to be investigated was 
defined, and adequate keywords were selected for document 
search from accredited scientific databases that are related to 
the topic in question. Therefore, for this work, the problem was 
defined as “design and develop a low cost mobile telepresence 
robot for paraplegics, for the Brazilian population”.

After the problem was defined, there was the need to select 
some adequate keywords from the defined problem for the 
literature review analysis. In these case, four keywords were 
selected and used for searching documents, these keywords 
are: telepresence, robotic, design and paraplegic.

4. Literature review analysis
In the literature review analysis phase of the design 

methodology, telepresence robots manufactured by some 

companies around the world for commercial gains were 
analyzed, and relevant projects in the academic field that 
are related to the topic, which are already published in the 
literature and that can be found in accredited databases are 
analyzed. Therefore, the Literature review analysis was 
carried out on two main axes: (a) Commercial products, 
which involves the analysis of the telepresence robots 
available in the markets for commercial gains, and (b) 
Academic publications, which involves the use of the 
selected keywords to explore academic publications 
available in some selected and accredited databases. 
The relevant projects considered include: articles, books, 
theses and dissertations. Also in this phase, a bibliometric 
analysis was also performed. This is to further analyze the 
relationship between the collected documents and their 
authors. To achieve this, a bibliographic coupling and 
keywords co-occurrence analyses were performed.

4.1. Commercial products
In recent years, there are many different companies 

around the world investing in telepresence robotics for 
various applications. These investments are resulting in 
many products in the international markets for commercial 
gains. Some of the investigated telepresence robots found 
in the markets include: Beam Plus, Double 2, PadBot 
U1 v.2, TeleMe 2 and VGo (Figure 2). These robots were 
further analyzed and Table 1 presents some of the observed 
characteristics, such as: heights, weights, wheels type, 
number of wheels, maximum attainable speeds, video 
conference screen sizes, battery durability and prices. 
Besides being very similar in their physical structures and 
adopted technologies, it was also observed that, there are 
many differences from one project to another.

4.2. Academic publications
In the literature review on academic publications, 

the selected keywords were used to search for relevant 
documents from five selected and accredited databases. 
They are: (1) Web of Science, (2) Scopus, (3) IEEE Xplore, 
(4) Catalog of Theses and Dissertations (CTD) maintained 
by National Council for Scientific and Technological 

Figure 2. Mobile Telepresence Robot in Markets (Robots, 2020).
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Development (CAPES) and (5) Digital Library of Theses 
and Dissertations (BDTD) maintained by the Brazilian 
Institute of Information in Science and Technology (IBICT).

By using the constructed string (“Telepresence” AND 
“Robot” AND (“Design” OR “Project” OR “Development” 
OR “Modeling”)) to search for relevant documents from 
all the selected databases. Table 2 shows: the search type, 
number of documents, and the first year of publication in 
each database, in brackets (x) is the number of documents 
published in the first year of publication in a database. It is 
important to make it clear at this point that, the results 

presented in Table 2 were obtained on 02 February 2020, and 
they might increase with time as the number of publications 
increases in these databases.

Furthermore, results from databases, Web of science 
(281 documents) and Scopus (534 documents) were further 
analyzed, presenting the best ‘top 5’: (a) most prominent 
research areas, (b) most highlighted research countries, (c) 
sources with the highest register of documents, (d) most 
cited documents and (e) journals with the highest number 
of publications, (Table 3, 4, 5, 6 and 7). In the Bibliometric 
analysis, VOSviewer tool was used for a Bibliographic 

Table 1. Telepresence Robot Properties Comparison in the Market.
Beam Plus Double2 PadBotU1 v.2 TeleMe 2 Vgo

Height (cm) 134.4 120-150 87.6 - 121.92
Screen Tablet Tablet Tablet Tablet Tablet

Video Resolution (HDR) 640 x 480 Depends Depends Depends 320 x 240
Maximum Velocity (km/h) 1.45 - 2.64 2.25 3.29

Battery 2 horas 6 – 8 horas 10 horas 8 horas 6 horas
Price (US $) 2,140.00 2,749.00 797.00 - 3,995.00

Table 2. Results for the three Constructed Strings Obtained from the Selected Databases.
Database Search Type Results 1o Year Publication

Web of Science Topic 281 1992 (1)
Scopus Title, Abstract, Keywords 534 1985 (2)
IEEE All 243 1986 (1)
CTD All 3 1999 (1)

BDTD All 4 1998 (1)

Table 3. The Most Prominent Research Areas from Web-of-Science and Scopus.
Web of Science Scopus

Subject Ares Result % of 281 Subject Area Result % of 534
Robotics 122 43.42 Computer Science 353 66.10

Engineering 117 41.64 Engineering 319 59.74
Computer Science 116 41.28 Mathematics 88 16.48

Automation Control Systems 55 19.57 Medicine 54 10.11
Optics 10 3.56 Physics and Astronomy 39 7.30

Table 4. The Most Highlighted Research Countries from Web-of-Science and Scopus.
Web of Science Scopus

Country Result % of 281 Country Result % of 534
United State 70 24.91 United State 141 26.40

Japan 35 12.45 Japan 53 9.92
Germany 27 9.61 Germany 42 7.86

Italy 23 8.18 Peoples R. China 40 7.49
Canada 20 7.12 Canada 38 7.12

Table 5. Sources with the Highest Register of Documents from Web-of-Science and Scopus.
Web Of Science Scopus

Source Title Register Source Title Register
ACM IEEE International Conference on Human Robot 
Interaction. 11 Proceedings of SPIE: The International Society for Optical 

Engineering. 26

IEEE International Conference on Robotics and 
Automation ICRA 11 Lecture Notes in Computer Science Including Subseries Lecture 

Notes in Artificial intelligence and Lecture Notes in Bioinformatics. 21

Lecture Notes in Computer Science 7 ACM IEEE International Conference on Human Robot Interaction. 16
Proceedings of the Society of Photo Optical 
Instrumentation Engineers SPIE 7 Conference on Human Factors in Computing Systems Proceedings 15

IEEE RO MAN 6 Proceedings IEEE International Conference on Robotics and 
Automation. 14
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coupling analysis while TagCrowd was used for the Keywords 
Co-occurrence analysis.

4.3. Bibliometric analysis

4.3.1. Bibliographic coupling (documents)
The Bibliographic coupling using VOSviewer relates the 

number of cited references that two publications have in 
common. In this case, the bigger the circle of a document, 
the stronger the citation. Therefore, for Web of Science, the 
minimum number of citations of document was set to 3 and 
of 281 documents, 113 meet the thresholds (Figure 3). While 
for Scopus, the minimum number of citations of document 
was set to 3, and in this case, of 534 documents, 244 meet 
the thresholds (Figure  4). Therefore, from both the two 
databases, Web of Science and Scopus, Lawrence (1993) 
was observed to be the most cited document.

4.3.2. Co-occurrence analysis (TagCrowd)
The Keyword Co-occurrence analysis using TagCrowd 

relates the occurrence of a keyword in two or more 
documents. In this case, the bigger the appearance of a 
keyword, the higher the number of documents it is repeated. 
In Figure  5 and Figure  6, TagCrowd tool was used to 
analyze this relationship, by using the Web of Science’s and 
Scopus’s data, collected from the search result in Table 2. 
The keyword Robot appears in more documents than any 
other keyword in both the Web of Science’s and Scopus’s 
documents, therefore, it appears bigger and more visible.

Analyzing further what was done in the academic field, 
it was observed in Do et al. (2013) the use of ROS (Robot 
Operating System) and a tablet in a mobile telepresence 
robot. An android app for the tablet was created (based 

on rosjava_core and android_core) for the control and 
a live video streaming between the user and the robot. 
In Carranza et al. (2019), a mobile telepresence robot was 
designed for medical consultation, where the robot chassis 
was made from galvanized steel bars, and the joints were 
connected using bolts and nuts. In Hijazi & Al-Khatib 
(2016), it was demonstrated that, a telepresence robot can 
be designed and controlled via the internet using Raspberry 
pi and Arduino microcontroller. To facilitate client-server 
video-audio communication, a tablet was adopted as the 
screen, and by using communication platforms such as 
Skype, among others.

Furthermore, Rodrigues  et  al. (2015) showed that, a 
telepresence robot can be developed using a methodology 
that subdivides the project into three subparts, a mechanical 
part, an electronic part and a computational part. Each part 
is developed separately and integrated together to form 
a single system. This is adapted methodology with some 
modifications as mentioned in section 2. It was observed 
from the literature review that, there are several solutions 
available for the motor control, teleoperation, construction 

Table 6. The Most Cited Documents from Web-of-Science.
Title Author/Year Citations Comment/Status

Stability and Transparency in Bilateral Teleoperation Lawrence (1993) 1195 R/I
RGB-D Mapping: Using kinetic-style depth cameras for dense 3D modeling 
of indoor environment Henry et al. (2012) 576 R/I

Robotic surgery, telerobotic surgery, telepresence, and telementoring – review 
of early clinical results Ballantyne (2002) 343 R/I

Experiences with an interactive museum tour-guide robot Burgard et al. (1999) 280 R/I
A steady-hand robotic system for microsurgical augmentation Taylor et al. (1999) 261 R/I

Table 7. The Most Cited Documents from Scopus.

Title Author/Year Citations Comment/
Status

Stability and Transparency in Bilateral Teleoperation Lawrence (1993) 1558 R/I
RGB-D Mapping: Using kinetic-style depth cameras for dense 3D modeling 
of indoor environment Henry et al. (2012) 775 R/I

Experiences with an interactive museum tour-guide robot Burgard et al. (1999) 482 R/I
Robotic surgery, telerobotic surgery, telepresence, and telementoring – review 
of early clinical results Ballantyne (2002) 441 R/I

Telepresence Draper et al. (1998) 210 R/I

Table 8. Observed Parameters from the literature.
Robot’s Parameters Observed Variations

Number of Wheels 2 or 3 or 4 wheels
Velocity 2.2 km/h-5.5 km/h
Weight 8.0-43.0 Kg
Battery Autonomy 4-12h
Height 0.876-1.88m
Number of Cameras 1-2
Camera Resolution 3mega pixel – 14mp
Screen Size 3.5’ Diagonal (Minimum)
Navigation Control Keyboard – Mouse
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Figure 3. Bibliographic Coupling Web of Science.

Figure 4. Bibliographic Coupling Scopus.

Figure 5. Co-occurrence of keywords Web of Science.
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of vertical structure and base of the robot. Some variations 
observed in the projects analyzed from the literature are 
presented in Table 8.

5. Project requirements

In Project requirements phase, the project requirements 
and parameters were established. In this case, some of the 
selected documents were used as the basis for establishing 
the requirements. It is important to make sure that, the 
requirements established satisfy the basic project’s 
requisites before passing to the next phase, as doing this 
minimizes unprecedented errors.

To establish a standard height for the robot that is 
compatible with the target population’s height, the average 
height of Brazilians analyzed by the IBGE in 2009, was 
used (Instituto Brasileiro de Geografia e Estatistica, 2009), 
according to this analysis, the average height was 1.73m 
among men and 1.60m among women. To determine 
the speed requirements of the robot, the study made by 
Novaes et al. (2011) was used, this study showed that, the 
average gait speed of Brazilians over 40 years old was 
1.26m/s among men and 1.16m/s among women. Three-
wheel configuration was chosen instead of four in order to 
facilitate the robot’s maneuverability and control. In this 
sense, only two wheels are motorized and controlled, while 
one wheel is free to facilitate the robot’s spin control, which 
reduces the production cost. Autonomy was chosen by 
market analysis (Table 9).

6. Mechatronic system development

In the Mechatronic system development phase, the 
mechatronic system was subdivided into three components: 
(a) Mechanical system development. In this part, technical 
drawing of the robot’s base and vertical structure, 
calculation of mechanical stability, and 3D drawing of the 
mechanical components were conducted; (b) Electronic 

system development. In this part, electronic command 
circuit was designed, motor dimensioning, calculations 
of minimum required motor power, angular velocity and 
torque were conducted; and (c) Computational system 
development. In this part, two programs were developed, 
a user program which runs on a computer or tablet as an 
interface, and a robot program which runs on the robot scree 
(tablet). The user program incorporates a videoconferencing 
technology and a robot navigation controller.

6.1. Mechanical system development
6.1.1. Technical drawings

In this part, the mechanical structure of the robot was 
designed using a computer aided design software (CAD). 
The dimensions of the robot’s mechanical structure and base 
are shown in Figure 7 and Figure 8 respectively. The vertical 
stand is adjustable from 150 cm to 160 cm. this allows the 
use of the robot for different heights. The use of CAD tools 
is to facilitate redrawing of parts, enables solid modeling, 
generate a 3D model for analysis.

6.1.2. Calculation of mechanical stability
To ensure the stability against tipping of the robot, the 

center of gravity (CG) was calculated using Equation 1. 
With this, the minimum width for stability was determined. 

Figure 6. Co-occurrence of keywords Scopus.

Table 9. Parameters and Project’s Requirements.
Selected Parameters Requisites

Number of Wheels 3 Wheels
Number of controlled Wheels 2 Wheels (Front)

Operational Max. Velocity 2.5 km/h
Robot’s Total Height 1.50-1.60m (Adjust. 10 cm)

Total Weight 12 kg
Battery Autonomy 12 h

Traction Type Differential
Maximum Inclination 20o
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To calculate the CG of the robot, the adapted weights of the 
vertical structural components were established according 
to Table 10, and their distances from a reference point is 
shown in Figure 9.

CG
m1y1 m2y2 m3y3 m4y4Y

mt
+ + +

= 	 (1)

m1 is the base mass = 10kg, with y1 = 75mm, m2 is the outer 
vertical support mass = 1.0503kg, with y2 = 600mm, m3 is 
the inner vertical support mass = 0.348kg, and y3 = 1225mm, 
m4 is tablet mass = 0.45kg, and y4 = 1500mm, finally, mt is 
the total maximum mass of the robot, which was set to 12kg.

( ) ( ) ( ) ( )
CG

10 0.075 1.0503 0.6 0.348 1.225 0.45 1.5
Y

12
+ + +

=

CG
2.48148Y 0.20679m 206.79mm

12
= = =  and CGX 0mm=

Then, to calculate the smallest base that has stability 
against tipping, considering a ramp of 20o. If the base length 
of the robot is L, then:

( )L tan20 206.79 150 20.7mm
2
= × − =

L 2 20.7mm 41.34mm= × =

6.1.3. 3D drawing
The 3D modeling was made to visualize the appearance 

of the robot to be manufactured. Figure 10 shows the vertical 
structure of the robot while Figure 11 shows the robot’s base.

6.2. Electronic system development

6.2.1. Dataflow of the electronic system
To develop the electronics circuit, some components 

were used, which are: one 12v battery to power the whole 
system, one switch, two DC motors, two encoders for 

Figure 7. Technical Design of the Robot.

Figure 8. Technical Design of the Base.

Table 10. Weight of the Robot’s Components.

Structure Dimensions (mm) Weight Adapted 
Weight(kg)

Samsung 
Tab2

193.7x122.4x10.5 0.345 kg
0.450

166.8x242.5x7.5 0.450 kg

Tube
D42.20x3.56 1.167 kg/m

1.0503 0.348
D33.40x3.38 0.870 kg/m

Base (Set) 400x300x100 10 kg 10

Figure 9. Reference for Mass Center Calculation.
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motor speed control, one H-Bridge plates for motor’s speed 
and direction control, one Arduino Uno micro-controller, 
one 12v-5v voltage divider to power the Arduino, whose 
operating voltage is 5v, two ultrasonic sensors (one front and 
one rear) to detect obstacles on the robot’s path in order to 
avoiding collisions, a WiFi module to connect the Arduino 

Figure 10. 3D Design of the Robot.

Figure 11. 3D Design of the Robot’s Base.

Figure 12. Dataflow of the Electronic Component. Source: Author.

to the internet (server) which enables a serial communication 
between the robot and the user. The user accesses the server 
via the network and establishes communication between 
them through their IP addresses. Figure 12 shows the data 
flow between electronic components.

6.2.2. Robot force calculation
To select motors, it was necessary to calculate the torque, 

speed and power required to move the robot, considering the 
robot’s ability to overcome a 20o incline ramp. Therefore, 
to calculate the rolling friction FR, Equation 2 was used.

R RF  .N= µ 	 (2)

 ( )R RF N 0.015 12 10 1.8N= µ × = × =

Calculating 0for 20θ = , Equation 3 was used.

1F W sen= × θ 	 (3)

1F 12 10 sen20 68.4N= × × =

To calculate external forces by raising the rolling friction 
slope, Equation 4 was used.

( )RF W cos sen= µ × θ + θ 	 (4)

( )F 12 10 0.015 cos20 sen20 42.7N= × × + =

Rolling friction ground Level:

RF W 0.015 12 10 1.8N= µ × = × × =
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6.2.3. Motor power calculation
To determine the maximum speed V that the robot 

moves with the maximum load going up the slope, it was 
established that, the robot had to travel at a maximum speed 
of 2.5 km / h. If F is the maximum force applied, then, the 
power (Equation 5) is divided by the number of motors to 
be used. In this case, the number of motors is 2.

P F V= × 	 (5)

2.5 1000Total Power  P 42.7 29.65Nm / s
3600
×

= =

P 29.65Power of1  Motor 14.83Nm / s 14.83W
2 2
= = =

6.2.4. Calculation of torque and angular speed
To calculate torques and angular speeds in (r/s), 

Equation 6 and Equation 7 were applied. Here, r is the wheel 
radius and p is the engine power (Table 11).

V
r

ω =
	 (6)

V 2.5 1000 10.68rad / s
r 3600 0.065

×
ω = = =

×

PT =
ω 	 (7)

P 14.83T 1.389Nm
10.68

= = =
ω

6.3. Computational system development
To establish video conferencing between remote 

user “A” and the robot, two HTML language programs 
were developed, one for the robot’s tablet, and one for 
the user’s tablet or computer. For each HTML program 
(part of the robot and user), a java language code was 
integrated, in order to enables video conferencing between 
the two sides. This code was adapted and is available from 
(Bistri Communication Inside, 2019). However, for the 
video conferencing to be possible, browsers must be web 
compatible to Real-Time Communications (webRTC) 
service. Some of the supported browsers are Google 
Chrome, Mozilla Firefox, and Internet Explorer.

For the robot navigation control, a java code was 
integrated into the user’s HTML program. In this code five 
buttons were created, as shown in Figure 13, and they are: 
move left, move right, move forward, move backward and 
stop. Each button was associated to a fixed value that is sent 
to the Arduino microcontroller whenever the user presses it. 
These values ​​correspond to the conditions established for 
robot movement (front, back, left, right, and stop).

The Arduino microcontroller was programmed to receive 
the user’s movement conditions (values). By pushing the 
move forward button, for example, a value is received by 
the WiFi module via its IP address, and is passed to the 
Arduino microcontroller, which in turn directs the robot to 
go forward. Table 12 shows the commands sent by the user 
at the push of a button, and that are recognized by Arduino 
microcontroller. Figure 14 shows the data transmission that 
occurs between the user and the robot sides.

7. Results obtained
7.1. Visual communication test

In the video conferencing java codes, there are three 
important variables, which are “var room, var members 
and var localStream”. Var room stores the conference 
name, var members stores the members that are part of 
the conference, while var localStrean enables real-time 
conferencing between the room members. The “if (! 
Bc.isCompatible ())” condition checks if the browser is 
webRTC compatible, if the browser is not compatible, then, 
an incompatibility message will be displayed “browser is 
not WebRTC compatible”. To integrate this code into the 
developed HTML file, it was necessary to register on the 
Bistri website to obtain appId and appkey. All programs with 
the same appId and appkey are classified as “members” of 

Figure 13. Navigation control keys. Source: Author.

Table 11. Motor’s requisites.
Minimum Value

Power 14.83 W
Angular Velocity 10.68 rad/s

Torque 1.389 Nm

Table 12. Control values send to by the user.
User Button Value (char) Action on Arduino

Move Forward 2 Robot moves Forward
Move Backward 8 Robot moves Backward

Move Left 4 Robot turns Left
Move Right 6 Robot turns Right

Stop 5 Robot Stops
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Figure 14. Data transmission between the user and the robot. Source: Author.

Figure 15. Video-Conferencing the Robot Side.

Figure 16. Video-Conferencing User Side.



A design methodology and development of a mobile telepresence robot for paraplegics Marafa et al.192

the same room, and can have a video conference between 
them. In both programs (robot program and user programs), 
the same appId and appkey were used, making it possible to 
perform video conferencing between the robot and the user. 
Both programs were tested. Figure 15 and Figure 16 present 
the results of these tests.

7.2. Robot prototype construction
The robot’s vertical structure was constructed using PVC 

pipe and the base with a steel plate. The electronic circuit is 
placed in the robot’s base. Figure 17 shows the integration 
of the two structures, the vertical structure and the base.

7.3. Robot motion test
The Robot was tested in three phases as shown in 

Figure 18. In (a), the robot was placed to move in a straight 
line, where the performance of the encoders was tested. This 
is to ensure equal speeds on both driver wheels at a given 
displacement. In (b), the direction test was performed in 
order to verified the robot’s ability to change directions by 
rotating left or right, in this case, the freewheel played a 
significant role. In (c), robot control was tested by detecting 

obstacles in its path, to achieve this, a minimum distance 
∆x between the robot and the obstacle was established. 
Upon reaching ∆x, the robot stops and waits for the next 
command. The forward and backward motions, acceleration 
and deceleration were also verified. However, for testing 
the ramp of 20o, the robot was found to climb a ramp of up 
to 26o. This might be due to the specifications of the motors 
used during the design. The specification of torque, power 
and angular velocity of the motor used are greater than the 
calculated.

8. Conclusions
In this paper, a methodology for the design and 

development of a mobile telepresence robot for paraplegics 
was presented. The design methodology is systemic, and 
follow a top-down approach, seeking to subdivide the 
project into smaller components, which are later integrated. 
This division not only facilitates the development, but 
also facilitates 3D remodeling and maintenance planning. 
The prototype was built in the institution’s own workshop 
and it costed approximately USD 300.00. This cost is an 
estimated cost of the final product. This cost well below the 

Figure 17. A Robot Prototype Construction.

Figure 18. (a) Straight Line Test, (b) Direction Test and (c) Obstacle Detection Test.
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price of those telepresence robots available in the market 
for commercial gains as shown in Table 2.

It was noted that, the use of encoders helped to ensure 
that, both the motors have the same speed, thus, ensuring 
that the robot can moves in a straight line. The use of steel 
plates at the construction of the robot’s base made the robot 
heavier, this also improved the robot’s stability. Robot 
teleoperation tests via the Internet showed that network 
delays did not significantly affect control commands.

In the bibliometric analysis as shown in Figure 3 to 6, 
some of the names or words appeared blurred. This is 
expected, because they are being dominated by the most 
cleared ones. Example of this dominance is clearly seen 
in “Lawrence (1993)” Figures 3 and 4 and also in “Robot” 
Figures 5 and 6. They appeared bigger and clearer because 
they dominated the others.

This work will allow further research in the area of ​​
product development for people with disabilities to integrate 
them into the community. It can also help in future design 
improvements, such as a redesign of the robot that can go 
up / down steps.
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