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Abstract— This research describes the virtual humanoid
robot R-SCUAD using the Gazebo simulator. In its
development, humanoid robots often perform movements that
have a negative impact on the robot's hardware, therefore the
development of a virtual robot model is a solution to overcome
this problem. So that the robot can be simulated before running.
Gazebo is a robot simulator that allows to accurately simulate,
design and test robots in various environments. Gazebo itself is
a simulation used by ROS (robotic operating system). The
simulation is built by doing a 3D design process in solidwork
software and exported to a URDF file that matches the format
on the ROS. Tests carried out on robots are by comparing
virtual robots with real robots. From the tests carried out on the
robot, it was found that the virtual robot can walk according to
the real robot, such as falling if the robot's condition is not
balanced. The simulation robot also moves according to the real
robot when the controls are carried out.

Keywords—ROS, Gazebo, Robot Simulation, Kinematics
and Dynamics, Control

I. INTRODUCTION

The Indonesian Robot Contest (KRI) is an event
organized by the Ministry of Education and Culture
(Kemendikbud). This event aims to be a competition for
design and engineering in the field of robotics. Robot Soccer
Universitas Ahmad Dahlan (R-SCUAD) is one of the
divisions of the Ahmad Dahlan University Robotics Team
that participates in the Indonesian robot contest in the
humanoid division (KRSBI-humanoid). R-SCUAD is a
humanoid robot with basic abilities that resemble human
movements in playing soccer.

Humanoid robots generally face challenges in their
development, as they often fall, leading to serious hardware
damage and significant costs. Therefore, developing a virtual
robot model is a solution to tackle these issues. A simulator
is a program that functions to simulate or mimic the real
movements of a device or 3D object. In the case of robots,
Gazebo is a commonly used simulator. Gazebo is a robot
simulator that allows accurate simulation, design, and testing
of robots in various environments. RSCUAD has been
developing Gazebo, but the movement is still limited to joint
movements. In this research, it is expected that walking
movements can provide a solution to these issues.

Il. METHOD

In the conducted research, the R-SCUAD robot is used,
which has the Darwin-OP platform configuration. The

Darwin-OP platform consists of 20 DOF (degrees of
freedom) [1], and it exhibits a clear correlation between
oscillator parameters and dynamic systems for gait pattern
generation [2], which is also applied to the R-SCUAD robot.
The design and placement of robot components can be seen
in Fig. 1.

Fig. 1. R-SCUAD Robot [3]

Broadly speaking, the working system is divided into 2
parts: the embedded system on the robot and the separate
system, where a computer acts as a client to display the
robot's simulation.

In the robot system, it consists of various components.
The Intel NUC serves as the main controller of the robot,
responsible for providing general commands to the robot and
processing important information, such as environment
identification from sensor data. Additionally, the main
controller also handles crucial tasks like decision-making. On
the other hand, the Open CR acts as the sub controller. Unlike
the main controller, the sub controller's role is to receive and
send data from the main controller to the servos [3].

A. ROS (Robotic Operating System)

ROS (Robot Operating System) was initially developed
in 2007 by the Stanford Artificial Intelligence Laboratory to
support the Stanford Al Robot project [4]. ROS is an open-
source operating system that provides libraries for developing
robot software [5]. It serves as a middleware that connects
robot hardware with a computer's operating system in a
flexible manner. The processes that can be executed in ROS
are called Nodes, and the interprocess communication
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follows a Publish/Subscribe model. The communication data
is referred to as Topics. Publisher processes can publish one
or multiple Topics, and processes that subscribe to specific
Topics can receive their contents [6]. The main goal of ROS
is to facilitate robot developers in creating software without
starting from scratch [4]-[5].

B. ROS Modeling (Gazebo)

Gazebho is a simulation environment that enables testing
of complex systems. It has various applications, including
testing the dynamics of control systems before their actual
implementation [7]. Moreover, Gazebo allows easy creation
of robots, actuators, sensors, and objects [8]. The Gazebo
environment consists of a division between the server and the
client, provided by two executable programs: “gzserver” for
simulating physics, rendering, and sensors, and “gzclient” for
the graphical interface to visualize and interact with the
simulation [9].

The first step in modeling within ROS requires creating a
3D environment model. The 3D model is generated using
software like Solidworks. Once the model is complete, it is
exported in STL format meshes to be integrated into the ROS
environment [4]. This integration is made possible with the
help of robot model packages that include URDF (Unified
Robot Description Format) parser files.

The URDF file is used to record all information about the
virtual robot. It is common to create a robot model using
Computer Aided Design (CAD) tools such as Solidworks,
Pro-engineer, or Blender [10]. The URDF file contains
descriptions of the model and the robot to be imported into
ROS. These descriptions include the object's name, network
structure, and additional information about the visual
components of an object, such as color and texture [4]. The
<robot> tag contains the robot's name, which will be
displayed across all ROS subsystems. The <joint> tag is a
child tag of the robot, which describes the type of movement
(Fixed, Revolute, Continuous, Prismatic, Planar, or Floating).
The concept of links and joints' structure can be seen in Fig.
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Fig. 2. The structure of links and joints

C. Virtual robot

To facilitate the research and creation of a 3D robot
design, developers use Solidworks software. The developers
then simplify the process of exporting the 3D robot design
into the URDF file format, which is compatible with ROS, by
using the URDF Exporter plugin. In the robot's joint
structure, each joint connects a parent link to a child link,
defining the relationship between different parts of the robot.
For this research, the base of the robot utilizes the robot's

body structure. The structure of links and joints for the R-
SCUAD robot, which was recently created, can be seen in
Fig. 3.
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Fig. 3. The joint structure of the R-SCUAD robot

In Gazebo simulator, it has a specific hierarchy that
allows seamless integration between programs to work
effectively. Simulations are executed by calling a launch file.
The launch file itself contains an XML program that
configures the controller and robot description [11].

In the virtual robot, a configuration is made according to
the ROS protocol to enable the virtual robot to run in the
Gazebo simulator [12]-[14]. In this research, the program
flow is designed as shown in Fig. 4.

Controller Robot Description

\///

Fig. 4. Virtual Robot Flow

Visualization

Launch File

D. Physical Robot

The real robot uses a converter module that is used to
transmit data to the robot actuator, namely Sevo Dynamixel.
For the robot flow can be seen in Fig. 5.

USB UART
Robot Description

Controller Visualization

Fig. 5. Physical Robot Flow

With the use of the U2D2 module, kinematic programs
and simple servo movement programs can be implemented
on the robot's actuators. Based on the output values from the
kinematics, which will later be input into the robot's joints
using radian values [15], the following formula is used to
perform the conversion:
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After calculating the angles, the next step is to convert
them into Dynamixel servo values.
n= 6209 @
360°
By using the values 4096 as the maximum angle for the
Dynamixel servo and 360 as the maximum angle in degrees,
you can perform the necessary calculations to map the joint
movements with the corresponding angles to control the
Dynamixel servos effectively [16]. This conversion allows
you to achieve the desired joint movements by controlling the
servo angles accordingly.

E. Block Diagram

In the research using the R-SCUAD robot, there is a block
diagram consisting of several parts, including the main
controller, sub-controller, actuator, camera, Wi-Fi module,
and several other components, with the system block diagram
design as shown in Fig. 6.
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Fig. 6. System Block Diagram of the R-SCUAD Robot

In the robot system design, there is a mini PC that
functions as the main controller, which accesses the sensors.
The main controller determines the robot's movements by
sending commands to the sub-controller, which then
forwards them to the actuators. The computer itself works as
a robot simulation used for visualization. In the block
diagram above, the role of the computer is not directly
connected to the robot. This is because the computer can
simulate with or without hardware, making it a solution when
the robot being simulated has hardware issues [17].

F. Flowchart

In simulating the robot, there are several processes that
need to be performed before conducting the actual
simulation. These processes are known as initialization and
configuration in the system. In the system flow diagram, there
are various conditions that can be executed, whether using
software or hardware [18], as shown in Fig. 7.

In the flow diagram shown in Fig. 7, there are conditions
for both using the robot and not using the robot or hardware.
This differentiation is because the processes involved run
differently, allowing them to be utilized effectively based on
the specific needs and objectives of the simulation [19].
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I1l. RESULT AND DISCUSSION

The robot testing was conducted by making the robot
walk a distance of 100 cm and then making the robot turn
right for a distance of 50 cm. The purpose of this testing was
to compare the performance of the virtual robot with the
physical robot. Several results were obtained from the testing.

However, the specific details of the results and their
implications are not mentioned in the provided information.
If you would like to know more about the results or have any
specific questions related to the testing or its outcomes, please
feel free to ask, and I'll be glad to provide further assistance.

A. Virtual Robot Model

In the virtual robot testing, data acquisition is performed
by observing the robot's position using odometry in Gazebo,
which is then displayed on a graph [20]. To display the
odometry, Python programming language is used, and it is
called by typing scripts in the terminal as follows:

1. The robot straight-line walking test

The straight-line walking test of the robot used the

following main parameters: DSP ratio 0.04, x amplitude

10, and hip pitch 7 during the straight movement. The

result shown in Table 1.

2. Testing the robot walking straight and turning

In testing the straight robot and turning 90 degrees using

the main parameters, namely DSP ratio of 0.04, x

amplitude of 10 and hip pitch of 7 when moving straight

and x amplitude of 10 and hip-pitch of 5 when turning

with a total of 45 periods. The result shown in Table 2.

Robot Model Simulation
And Robot Hardware Run
According To Input

Fig. 7. Flowchart

Danu andrean, Simulation and Implementation of RSCUAD Walking Robot Based on ROS and Gazebo Simulator



Control Systems and Optimization Letters, VVol. 1, No. 2, 2023

96

Table 1. Virtual robot straight-line testing

No Distance Information Result

The robot turns

1 50 cm left
2S00+ OE
2 65 cm The ro_bot turns
right -
3 55 cm The robot turns
left
L
4 55 cm The robot turns
left
5 70em The robot turns

left

200+ @

Table 2. The virtual robot tests straight and turns 90°

No  Distance Information Result

The robot =
slightly shifted

1 96.81cm .
10° to the left -

2 123.24cm  Straight Robot

£o0+H o

The robot
3 127.86cm  slightly shifted “ -
5° to the left. | A

fo0+-TA

The robot
4 135.58cm  slightly shifted
10° to the left.

5 97.20cm Straight Robot =

200+ THA

B. Physical Robot Model

In real robot testing, data collection is done by tracking
the robot using a camera. This method is usually called object
tracking. The results on the test can be seen as.

1. Robot testing goes straight

Straight robot testing uses the main parameters, namely

DSP ratio of 0.04, x amplitude of 10 and hip pitch of 7

when moving straight. The result shown in Table 3.

2. Testing the robot walking straight and turning

In testing the walking and turning robot using the main

parameters, namely the DSP ratio of 0.04, x amplitude of

10 and hip-pitch of 7 when moving straight and X

amplitude of 10 and hip-pitch of 5 when turning with a

total of 45 periods. The result shown in Table 4.

In testing the walking and turning robot using the main
parameters, namely the DSP ratio of 0.04, x amplitude of 10
and hip-pitch of 7 when moving straight and x amplitude of
10 and hip-pitch of 5 when turning with a total of 45 periods.

In this test, the virtual robot can follow the movements of
the real robot. both realtime and not. Virtual robots tend to
have slower processing speeds and poor balance compared to
real robots, this makes the robot's movements not the same as
real robots.

IV. CONCLUSION

Based on the results of research and testing conducted on
virtual robots and real robots. Then it can be concluded as
follows.

1. Virtual Robot

In the research conducted, it was found that virtual robots
can follow the movements of real robots. both realtime and
not. Virtual robots have problems in real-time simulations
with real robots, namely the incompatibility of robot
movements caused by virtual robot inertia conditions, so that
virtual robots fall easily if they use the same parameters as
real robots.

2. Physical Robots

In the research conducted, it was found that robots have
responses that are in accordance with simple commands, such
as turning robots and straight robot movements. Real robots
have a lack of accelero as a balance of the robot so that it
makes the robot fall easily due to lack of balance. This thesis
can be used for the development of the R-SCUAD robot in
making algorithms and motion movements which were
previously carried out directly on real robots so that it burdens
the servo conditions.
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Table 3. Real robot straight testing

No  Distance

Information Result

Robot slightly shifted

! 96.81cm 10° to the left
2 123.24cm Straight robots
Robot slightly shifted -
3 127.86cm 5° to the left
Robot slightly shifted
4 13558m 10° to the left
5 97.20cm Straight robots
Table 4. Real robot testing straight and turning 90°
No Distance Information
Stralght 109.74 Robot slightly moves right
1 cm, right 71.94 A .
40° when turning
cm
. The robot slightly moves
Stralght 124.97 right 10° when walking
2 cm, right 41.56 ; -
em strzyght and slightly moves
right 10° when turning
Straight . .
3 108.96cm, right R"b(’ltosj '\?Vm'lz moves right
37.41cm 9
. The robot slightly moves
Stralght. right 20° when going straight
4 104.34cm, right . a o
and slightly moves right 30
47.83cm p
when turning
. The robot moves slightly left
5 118522’2:gh$ight 10° when walking straight
42 81em and slightly right 5° when

turning
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