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Abstract— Human activity has been increasing, to support
the activity, people in the modern era create robots to replace
some human activities. The interest in two-wheeled balance
robots has continued to increase, this is because it is highly
maneuverable, making it efficient for use in various areas. In
this study, the online navigation of a two-wheeled self-balancing
robot is done. The connection between the robot and online
navigation is using a Wi-Fi connection. The world model base
on the real room is created by Gazebo and then visualized in
RVIZ. The map creation and navigation process are handled by
the package provided by ROS. The results of the simulation and
real tracking show that the robot can move from the starting
point to the destination point in either a straight or a curved
path. The difference of the final position of the robot between
simulation and real tracking is only (15.4 cm, 4 cm) and (9.6 cm,
43 cm) for the straight and curved path. This result proved that
online navigation can be used to navigate an autonomous robot
without real navigation sensors.
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NOMENCLATURE
AMCL Adaptive Monte Carlo Localization
DWA Dynamic Window Approach
ROS Robot Operating system
RVIZ ROS Visualization
URDF Unified Robotic Description Format
XML Extensible Markup Language

l. INTRODUCTION

Human activity has been increasing, to support the
activity, people in the modern era create robots to replace
some human activities [1]. There are many kinds of robots
created in the last decade one of them is a mobile robot. The
mobile robot can be used in a variety of applications such as
exploration, search and rescue, material handling, and
entertainment [2]. It also used in industries as wheeled,
crawler, and propulsion which are classified according to
their movement modes [3].

In recent decades, two-wheeled balance robots are still an
interesting area of research [4][5][6][7]. The interest in two-
wheeled balance robots has continued to increase, this is
because two-wheeled balance robots are able to become an
ideal platform for researching all kinds of filter algorithms
and control strategies [3], [8], [9]. This robot is a nonlinear,
strongly coupled, multivariable control, and naturally
unstable system [3][10].

As a two-wheeled balance robot, the robot has the ability
to balance itself on two wheels and rotate on the spot, making
it highly maneuverable, making it efficient for use in various
areas [4], [11][12]. Therefore, [13], states that a two-wheeled
balance robot is a good approach to reduce traffic congestion.
On top of that, the balancing robot has a wide range of
applications. Segway is one of the robot applications, which
is well-known, successful, and has been implemented in
various urban areas as a means of transportation where one
can ride it instead of conventional polluting vehicles [3], [8],
[11], [14], [16], [17]. Besides that, there are also Pegasus and
iBot [18]. With these various capabilities and advantages, the
two-wheeled balance robot can be arranged into a navigation
robot capable of working in various terrains with sharp turns
and tight spaces [15], [18], [19].

Previous research on two-wheeled balance robot
navigation has been carried out. The author of [20] made a
home-made robot called Bimbo, which has a navigation
function that is controlled by changing system variables via
Bluetooth communication. In [21], shows a vision-based
balance robot navigation to detect the trajectory. While [22]
presented the design and development of a remote-navigated
autonomous two-wheeled balance robot. The author of [23]
presents an autonomous two-wheeled balance robot using
multilevel PID. Mithil et al. [13], made an autonomous
navigation system by combining an ultrasonic sensor,
camera, and lidar which are processed using OpenCV and
processing. Li and Zhou [24] mounted an RGB-D camera on
a commercial Segway, which was used to navigate
autonomously. The authors in [25] and [26] propose the use
of the ultrasonic sensor in two-wheel balancing robot which
then the robot avoid obstacle base on sensor information.
Whereas [27] proposed a line following system to navigate
the two-wheel balancing robot. They conclude that by using
PID control the robot can balance itself well while following
the track given.

Several previous studies regarding navigation using ROS
have also been carried out, such as [28], using Mobile Robot
Pioneer 3-DX with the ROS system. Okumus and Kocamaz
[29] used ROS to navigate multiple robots via a cloud system.
While [30] uses the AMCL algorithm to estimate the location
and position, A* to determine global path planning, and
DWA to determine local path planning. In this paper,
mapping and obstacle detection using gmapping, and all these
needs are addressed by ROS. In making a two-wheeled
balance robot in this study, RVI1Z and Gazebo are used, which
are tools for visualization and simulation. The Gazebo was
used to create a virtual environment and then visualized it in
RVIZ [31][32].
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In this study, a two-wheeled balance robot was used, with
online navigation using Wi-Fi communication between the
real robot and the simulation environment. The world model
base on the real room is created by Gazebo and then
visualized in RVIZ. The map creation and navigation process
are handled by the package provided by ROS. The advantage
of online navigation is there is no need for real navigation
sensors in the robot such as lidar, ultrasonic, and camera. The
sensor is used in simulation mode while the real robot follows
the command for the simulation. Therefore, the price to make
the navigation system can be reduced.

This paper is organized as follows. Section Il presents the
self-balancing robot and its navigation. In section Ill, the
result and discussion are presented. Finally, the conclusion is
in section IV.

1. SELF BALANCING ROBOT AND NAVIGATION

A. Design of Self Balancing Robot

The making of a two-wheeled balance robot model is
made in the Gazebo software. Robot modeling follows the
standard format commonly used in ROS, namely the Unified
Robotic Description Format (URDF), which is the XML
format used in ROS to describe all robot elements.

In general, URDF consists of three xacro files and one
gazebo format. The URDF file describes each element of the
robot model created. The first file is about the dimensions of
the robot, the second file is about the plugins used by the
robot, and the third file is about the color of the robot model.
Details of the robot model specifications can be seen in Table
1. Fig. 1 shows the robot model in Gazebo.

TABLE I THE DIMINETION OF ROBOT MODEL
Characteristics Value
Mass 1.11 Kg
Length 13 cm
Height (from ground) 18 cm
Width 6.5cm
Wheel Diameter 6.8 cm
Wheel Width 26cm
Distance Between the Wheels 14.6 cm

Fig. 1. Model Robot in Gazebo

B. World Model Gazebo

This study uses a world model based on a real room
owned by one of the researchers. The real room model is
measured and reconstructed in the world model in the
Gazebo. Making a world model in the Gazebo uses the

building editor feature, by connecting the walls so that they
can represent the state of the real room. Fig. 2 shows the
building editor features in the Gazebo.

Fig. 2. Building Editor in Gazebo

C. Mapping and Navigation

The map creation and navigation process are handled by
the package provided by ROS. To perform the mapping, the
gmapping package is used, which by default uses
(Simultaneous Localization and Mapping). Fig. 3 shows the
flow chart for making a map for navigation. Making maps
begins with initiating the Gazebo, initiating RVIZ, launching
the gmapping package, and launching the teleoperation
package. The teleoperation function makes it possible to
perform the movement for the robot by changing the angular
or linear velocity of the robot model. By moving the robot
model along every corner of the world model, a map of the
results of the gmapping function visualized in RVIZ will be
formed. When the map is perfectly formed, save the map.
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Fig. 3. Mapping Flowchart

The process of making a map and visualizing the map can
be seen in Fig. 4. The image on the left shows a mobile robot
model with a teleoperation function that is carried out in the
Gazebo. The right image shows the map visualized by the
Gazebo in RVIZ.
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Fig. 4. Mapping Process

ROS also provides navigation packages, one of which is
AMCL, which implements the Adaptive Monte Carlo
Localization (AMCL) approach, which uses particle filters to
track the robot's pose against a known map. As seen in Fig.
5, the robot model in the Gazebo can be navigated by
teleoperation using a keyboard or using the 2D Nav Goal
function on RVIZ, other methods such as using terminal
commands can also be done to navigate the robot.
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Fig. 5. Navigation Flowchart

To start navigation, it requires Gazebo initiation, RVIZ
initiation, launching a teleoperation package, and navigation
package. The robot model, data from laser scan, and map data
will be visualized in RVIZ. The robot can move to all points
on the map manually with the teleoperation function or with
the 2D nav goal feature on RVIZ, where we can select points
on the map and then the robot will immediately move, or by
providing coordinate points via command terminal. The
movement of the robot from the starting point to the
destination point is influenced by changes in the linear and
angular velocity of the robot. This process will continue until
the robot reaches its destination point.

D. Online Navigation

In the online navigation, the real two-wheel self-
balancing robot is connected to the laptop with wireless
communication as shown in Fig. 6. The robot is equipped
with an IMU sensor, Arduino, and ESP8266 module. The
balancing algorithm is processed in the Arduino. Whereas for
navigation, the robot is followed online navigation from the
Gazebo and RVIZ which run on the laptop. Therefore, if the

map of the real room is processed on the laptop, the robot can
navigate in the real room correctly.

Fig. 6. Online navigation scheme

I1. RESULT AND DISCUSSION

A. Tracking simulation

The tracking simulation test is performed by giving
navigation commands via the command terminal to two
different destination points (1.5, 0.0) and (2.2, -1), with the
same starting point (0, 0). Each destination point is repeated
5 times. The results of the tracking simulation at the first
destination point can be seen in Table 2. The robot makes a
straight move along one meter from the starting point to the
destination point. Robot movement simulation can be seen in
Fig. 7.

TABLE Il TRACKING SIMULATION DATA ON FIRST DESTINATION
No  Destination Final Error
Coordinate  Coordinate X(m) Y(m)
1 (1.5,0.0) (1.41,0.0) -0.09 0
2 (1.5,0.0) (1.40, 0.0) -0.10 0
3 (1.5,0.0) (1.41,0.0) -0.09 0
4 (1.5,0.0) (1.40, 0.0) -0.10 0
5 (1.5,0.0) (1.41,0.0) -0.09 0
Average Error -0.094 0.00
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Fig. 7. The Displacement to The First Destination Point

The results of the tracking simulation at the second
destination point can be seen in Table 3. The robot performs
a curved movement from the starting point to the destination
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point. Fig. 8 shows a simulation illustration of a robot moving
curved.

TABLE Il TRACKING SIMULATION DATA ON SECOND DESTINATION

No  Destination Final Error

Coordinate  Coordinate X(m) Y(m)

1 (2.2,-1) (2.15, -0.95) -0.05 -0.05

2 (2.2,-1) (2.15, -0.95) -0.05 -0.05

3 (2.2,-1) (2.14, -0.95) -0.06 -0.05

4 (2.2,-1) (2.15, -0.95) -0.05 -0.05

5 (2.2,-1) (2.15, -0.95) -0.05 -0.05

Average Error -0.052 -0.05
eset. LatClcs ko, Middle-Clc Mmi,y:,mwmm i

Fig. 8. The Displacement to The Second Destination Point

The results of the tracking simulation show that the robot
can move from the starting point to the destination point in
either a straight or a curved path. At destination one, there
was an error between -0.09 to -0.10 on the X-axis and an error
of 0 on the Y-axis. At destination two, there was an error
between -0.05 to -0.06 on the X-axis and an error of -0.05 on
the Y-axis. The results show that tracking simulations can
also be used to track real robots. This is possible by sending
the speed data of the simulated robot to the real robot. ROS
has a package that supports wireless communication, so what
is needed is a real robot capable of receiving data wirelessly.
However, it should be noted that the speed data is in the form
of linear and angular velocity, so it is necessary to convert the
speed data into velocity for each wheel.

B. Hardware Implementation

Online navigation is done after the tracking simulation is
successful. Table 4 and Table 5 are shown the result of the
online navigation. The coordinate used is the same as the
simulation. Table 4 shows that the average error of the X-axis
and Y-axis is 0.06 and 0.04, respectively. It means that the
delta error of the simulation and real tracking is 0.154 and
0.04 for X-axis and Y -axis, respectively. Since the coordinate
unit is in meter; therefore, the difference of final position of
the robot between simulation and real tracking is only 15.4
cm and 4 cm for X-axis and Y-axis, respectively.

Table 5 resumes the second coordinate. It informs that,
from five experiments, the average error of the X-axis and Y-
axis are 0.044 and 0.38, respectively. Where the delta error
between simulation and real tracking is 0.096 and 0.43,
respectively. This means that the different position between
simulation and real is 9.6 cm and 43 cm. The difference
occurs since in real tracking there are many factors that affect
the robot’s movement, for example, the friction between the
wheel and the ground.

The small error between simulation and real tracking
means that online navigation can be used to navigate the
autonomous robot. This method offers a lower price since the
real robot does not need any sensor for navigation. However,
it only can be done where there is a wireless connection
between the robot and the central operator, in this case, a
laptop.

TABLE IV. REAL TRACKING DATA ON FIRST DESTINATION
No  Destination Final Error
Coordinate  Coordinate X(m) Y(m)
1 (1.5,0.0) (1.58, 0.05) 0.08 0.05
2 (1.5, 0.0) (1.55, 0.02) 0.05 0.02
3 (1.5,0.0) (1.51, 0.09) 0.01 0.09
4 (1.5,0.0) (1.57,0.03) 0.07 0.03
5 (1.5, 0.0) (1.59, 0.03) 0.09 0.03
Average Error 0.06 0.04

TABLE V. REAL TRACKING DATA ON SECOND DESTINATION
No  Destination Final Error
Coordinate  Coordinate X(m) Y(m)
1 (2.2,-1) (2.21, -1.40) 0.01 0.40
2 (2.2,-1) (2.30, -1.38) 0.10 0.38
3 (2.2,-1) (2.25, -1.35) 0.05 0.35
4 (2.2,-1) (2.22,-1.38) 0.02 0.38
5 (2.2,-1) (2.24,-1.37) 0.04 0.37
Average Error 0.044 0.38

V. CONCLUSIONS

The online navigation of a two-wheel self-balancing robot
is successfully implemented. The world model base on the
real room is created by Gazebo and then visualized in RVIZ.
The map creation and navigation process are handled by the
package provided by ROS. Online navigation is done using
Wi-Fi communication between the robot and simulation in a
laptop. The results of the simulation and real tracking show
that the robot can move from the starting point to the
destination point in either a straight or a curved path. On a
straight path, the average error is (-0.094 m, 0 m). Whereas
in the curve path the average error is (-0.052 m, -0.05 m). In
real tracking, the error for the first path is (0.154 m, 0.04 m).
While in the second path is (0.044 m, 0.38 m). The difference
of the final position of the robot between simulation and real
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tracking is only (15.4 cm, 4 cm) and (9.6 cm, 43 cm) for the
straight and curved path.
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