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The purpose of this study is to apply Fuzzy Logic Controller on a wheeled
soccer robot to avoid the collision with other robots in the field. The robot
equipped by an omnidirectional camera as a vision sensor, a mini-PC for the
image processing device, a microcontroller to handle 1/0 system, and three
wheel's omnidirectional mover system. Omni-camera produces four input-
values, namely: X coordinate ball position, Y coordinate ball position,
distance and angle from obstacle to the point of interest in the camera frame.
These inputs processed by a mini-PC and then forward to a microcontroller
to calculate the output using Fuzzy Logic Controller. The output variables
are the movement rate of the robot in the X, and Y coordinate. These outputs
will be used by the kinematics controller to manage the speed of three Omni-

wheels driven by 24 volts DC motors. The experiment shows a good result
with the percentage of the success of the robot catching the ball is around
70% and 80% in avoiding the obstacle. In time performance, the soccer robot
with Fuzzy Logic Controller is superior by 4.67 seconds compared to the
robot without this method.
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1. INTRODUCTION

In recent years, robots have been a vital part of various human jobs. Many robots have been constructed
to handle jobs that are too difficult for the human being. Dangerous jobs, complex works and human tasks
that require high accuracy also need the help of intelligent and independent robots. Also, robots designed for
entertainment and sports purposes such as soccer robots. These robots can walk using their legs or run on
wheels. The primary distinction of those types is on their speed towards the ball and in evading the opponent.
The wheeled robot is more superior on speed compared to legs ones. The speed could be difficult to control
when the robot runs to avoid enemy players or friends. Therefore, this study focuses on wheel-driven soccer
robots.

Indonesian Wheeled Soccer Robot Contest (KRSBI-Wheels) is a soccer robot competition using wheels
for the college student that established since 2017. The rules of the game in the competition are similar to
human football. Each competing robot team tries to put the ball into the opponent's goal as many as possible.
The team that has a good ability to find the ball and move towards the ball will have more chances in
winning the game. The efficient maneuver of the robot to avoid collisions with the opposing team or
teammates is a problem that is not easy to be solved using conventional methods. Therefore, this study
proposes to find a solution by implementing fuzzy logic control on soccer robots. There are several methods
of Artificial Intelligent (Al) or modern control that are widely used in robotic by other researchers, such as
Genetic Algorithm (GA) [1]-[3], Neural Network (NN) [4]-[6], and Fuzzy Logic [7]-[10]. The combination
algorithm to control robot also proposed by several researchers [11]-[13].

In this research, fuzzy logic algorithms chosen for controlling the robot due to the ease and speed of the
process compared with NN and GA [15]. Besides, research on the omnidirectional robot has implemented by

Journal homepage : http://journal.uad.ac.id/index.php/JITEKI Email : jiteki@ee.uad.ac.id


http://dx.doi.org/10.26555/jiteki.v5i1.13298
http://journal.uad.ac.id/index.php/JITEKI
mailto:jiteki@ee.uad.ac.id
mailto:noorman.rinanto@ppns.ac.id

ISSN 2338-3070 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) 27
Vol. 5, No. 1, Juni 2019, pp. 26-35

Rabib H. A et al [14]. The input data of this system comes from the omnidirectional camera. This camera
catches the environment image, and then it is processed by a mini-PC that will produce coordinate of the
object. Later, a microcontroller will compute the coordinate using Fuzzy Logic Algorithm. The output of this
plant will be used to control the movement speed of the robot.

2. RESEARCH METHOD
This section categorized into several parts, including system design, omnidirectional camera, and fuzzy
logic controller implementation.

2.1. Design of system

The system design utilized the electronic component installed, as shown in Fig 1. The input of the
system comes from two cameras connected to a mini PC (Odroid C2) that are used to process the image. The
first camera is an omnidirectional camera to detect the ball and also the opponents at close range. This
camera has the advantage of being able to see with a 360 degree viewing angle. The second camera is a web
camera that is used to detect the ball and the opponents in front of the robot. These cameras work
simultaneously for recognizing the ball and other obstacles. Data collected from cameras that are processed
by a mini PC with programming based on the OpenCV Linux library.

Furthermore, the Mini PC produces the opponent's coordinate values (obstacles) and the ball position as
the input of the Atmega2560 microcontroller. This hardware controller uses Fuzzy Logic algorithm to
process the coordinate. That controlled the speed DC motor as actuators. Other sensors are added to the
system to help to control the robot such as tilt sensor GY-25, proximity sensor for crash detection, and rotary
encoder to count motor speed.
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Fig. 1. Electronic system

Fig. 2 show the system process. In detail, vision captured the image of the object then converted RGB to
HVS colour space, and using the threshold method to object segmentation process. By using the colour-based
method that obtained the object feature, and uses to calculate the position the object. Fuzzy controlled that
maintain coordinates for the Kinematic controller. The kinematic controller output is the PWM signal. Object
detection in robot system obtained players distance, and ball position then coordinated of them. In this
research, we used MATLAB Software to simulate the beta matrix and calculation of the testing process.
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Fig. 2. Block diagram of the software

The side view of the robot design in this study, as shown in Fig. 3. It has 800 mm in height x 520 mm in
width. The omnidirectional camera is installed on the highest position so that it can capture images with the
widest view. This soccer robot is designed with conical shape to minimize blind spot, especially in the area
close to the robot. The webcam installed in lower position from the first camera. These cameras have the
primary task for seeking the ball in the front of the robot. While the robot design seen from above presented
in Fig. 4.
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Fig. 3. The side view of the robot
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Fig. 4. The top view of the robot

This soccer robot built with a three omnidirectional driving system. This design consists of three DC
motors arranged to form an angle of 120° after each other, and the shaft of each DC motor mounted to the
Omni wheel. The design of the drive system in this research illustrated in Fig. 5. With the motor placement as
in the picture, it will obtain kinematics equations movement of robots as follows (1).
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Fig. 5. Three-wheel omnidirectional driving system

2.2 Omnidirectional camera

Omnidirectional camera in this system composed of a hyperbolic mirror and a Logitech C525 camera
which is mounted perpendicularly. The hyperbolic mirror is used for its capability to reflect images with a
360° view. Logitech C525 that mounted at a certain distance below the hyperbolic mirror will capture
reflected images from the mirror.

To protect the camera from external light interference that can affect the quality of the image result, a
closing box installed around the camera. The construction of the omnidirectional camera displayed in Fig. 6.
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Fig. 6. Omnidirectional Camera construction

Fig. 7 represented a vision visualisation through the Omni-camera. Before the data from the
Omnidirectional camera is proceed the microcontroller, shift the origin frame (0, 0) that divided into four
different quadrants in the image frame. From the coordinate information of objects in the frame, we can
obtain information about the distance and angle of the object to the robot using equations (2), (3). Where d is
object distance from the middle of the frame, x is the object position in the X-axis, y is the object point in the
Y, and 6 is the object angle in the middle of the frame.

d=x% + y° @)
= tan-12
6 = tan~i- ©)

Fig. 7. Image reflection from hyperbolic mirror
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2.3 Fuzzy logic controller implementation

In this research, the fuzzy logic method used is zero-order fuzzy Sugeno where the input value is the
position of the ball and the distance of the obstacle. The input data are taken from the omnidirectional
camera, and the output is the speed variables in the X-axis and Y-axis. These variables used in kinematics
controller to manage the PWM signal of three DC motors. The fuzzy control that proceeds the data input then
calculated it by the microcontroller. Besides, the MATLAB software was used to design and simulate the
fuzzy algorithm in the system. The simulate test that conducted uses fuzzification, determining the fuzzy rule
base, and defuzzification to optimize parameters.

By the MATLAB software determined the fuzzy membership function, the robot has three input and two
output and uses triangular and trapezoid models. The membership used such as Close (C), Medium (M), Far
(F), and Near (N). To control the speed robot is changed the X-axis and Y-axis parameter. Besides, the
membership of the output variable is used Very Fast, Fast, Medium, Slow, and Very Slow.

Fig. 8 to Fig.11 shows proposed the fuzzy membership function, then Table 1. provided the rule base applied
to the robot system.
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Table 1. Fuzzy Logic Rule Base
No  Xaan Yaau  dope  Bope Vy vy
Close Close Near Near Faster Slower
Close Close Near Far Fast Slower
Close Close Far Near Slower  Slower
Close Close Far Far  Slower  Slower
Medium Near Near Faster Slow
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Close Medium Near Far Fast Medium
Close Medium Far Near Slower Medium
Close Medium Far Far Slower Medium
Close Far Near Near Faster Medium
10 Close Far Near Far Fast Fast
11 Close Far Far Near Slow Faster
12 Close Far Far Far Slow Faster
13 Medium Close Near Near Faster Slower
14 Medium Close Near Far Fast Slower

15 Medium Close Far Near Medium Slower
16 Medium Close Far Far Medium  Slower
17 Medium Medium Near Near Faster Slower
18 Medium Medium Near Far Fast Slow

19 Medium Medium Far Near Medium Medium
20 Medium Medium Far Far Medium Medium

21 Medium Far Near Near Faster Slow

22 Medium Far Near Far Faster Slower
23  Medium Far Far Near Medium Faster
24 Medium Far Far Far Medium  Faster
25 Far Close Near Near Faster Slower
26 Far Close Near Far Faster Slower
27 Far Close Far Near Faster Slow

28 Far Close Far Far Faster Slow

29 Far Medium Near Near Fast Slow

30 Far Medium Near Far Fast Medium
31 Far Medium Far Near Faster Medium
32 Far Medium Far Far Faster Medium
33 Far Far Near Near Fast Slow

34 Far Far Near Far Fast Medium
35 Far Far Far Near Faster Faster
36 Far Far Far Far Faster Faster

3. RESULTS AND DISCUSSION

The robot performance using fuzzy logic controller evaluated by the obstacle and the ball detection
according to six positions. Additionally, to active the robot, an emergency button pushed. Table 2 shown
performance of robot movement. We conducted ten times to test performance for obtaining the position.

Table 2. Fuzzy Logic performance results
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No. Ball Position Obstacle Position Avoiding Obstacle Get The Ball
1 In front of and near In front of and near the 100% 100%
the robot robot
In front of and far In front of and far from 0 0
2 from the robot the robot 100% 100%
3 Left side and near the  Left side and near the 70% 80%
robot robot
Left side and far from Left side and far from 0 0
4 the robot the robot 80% 80%
5 Right side and near Right side and near the 70% 70%
the robot robot
Right side and far Right side and far from 0 0
6 from the robot the robot 60% 70%
Mean 80% 70%

This research also is compared to robot trajectory performance by fuzzy logic controllers applied with
normally controller. Fig. 12 illustrate the track of the robot without Fuzzy Algorithm to approaching the ball
get through an obstacle. The robot has a collision with obstacles before touching the ball. However, Fig. 13
that shows the robot can avoidance the obstacle and reach the ball by the fuzzy controller. Table 3 described
both test result in time performance. That shown an average time using fuzzy controller is faster than

normally controller applied.
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Fig. 13. The Fuzzy Controller trajectory
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4,

Table 3. The time performance comparison

No. Normal control (second) Fuzzy Control (second)
1 125 9.7
2 11.8 10.5
3 10.5 11.3
4 14.3 8.9
5 12.9 75
6 13.3 6.5
7 15.1 8.8
8 15.8 7.1
9 16.2 10.9
10 14.6 9.1
Average 13.7 9.03

CONCLUSION
According to the experiment result in this research, wheeled soccer robot with fuzzy logic controller

method that achieved mean performance both of task is obstacle avoidance of 80% and the ball caught of
70%. So, external light intensity and processor units that influenced the robot performance. To improve it,
recalibrating the Omni-camera would be either solution. Besides, the time average of the robot movement
shown the fuzzy controller of 4.67 seconds that faster than a normal controller.
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