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Abstract. Polebot is the educational robot developed by Bandung Polytechnic of
Manufacturing which has a type of omnidirectional mobile robot with three Omni
wheels assembled at an angle of 120 degrees. Stability of movement is one of the
important things in robots. This study aims to make Polebot move according to
the input trajectory that has been created. By entering the coordinates on the x
and y axes that make up a trajectory, it can be seen what percentage of error is
produced by the movement of the Polebot to conclude whether Proportional
control is correctly used. The result of the trajectory tracking control carried out
is that the Polebot can move on the sine trajectory with an average error on the X
axis is 0.02% and on the Y axis 0.11% , on eight trajectories with an error on the
X axis 0.06% (backslash percent) and the Y axis 0.02%, and on the circle
trajectory with an error on the X axis 0.07% and the Y axis 0.02%. It can be
concluded that the Proportional control on the Polebot is quite well implemented.

Keywords: Educational Robot, Omnidirectional Mobile Robot, Robot
Operating System, Root Locus, Trajectory Tracking.

1 Introduction

In this day mobile robots have many benefits. for example, in the fields of security,
transportation, education etc. [1]. Many studies have been done on educational robots.
The purpose of this study of the educational robot is for improve analytical, as a training
kit etc. [2]. In this case there are several aspects that need to be considered, that is cost,
the platform that is used by the robot, and ease of access for future research [3]. For the
application of educational field, the educational mobile robot is designed [4]. Polebot
(Polman Open Platform Educational Robot) is an educational mobile robot with a
hexagon shape, and it is TWOMR (Three Wheeled Omnidirectional Mobile Robot) [5].
There are several problems with mobile robots. But the Mobile robot has two main
problems, that is Path planning and trajectory tracking [6]. The purpose of trajectory
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tracking is to determine the linear and angular velocity for tracking the trajectory [7].
Considering that movement stability is the important thing of the mobile robot [8], the
study of trajectory tracking control needs to be done. There are many control methods
that are implemented in wheeled mobile robots [9] it is Sliding Mode Control [10],
Model Predictive Control [11], PID [12], etc. In previous study trajectory tracking using
PID control method has been implemented to several types of robots. That is
Differential Drive mobile robot [13], Three Omnidirectional Mobile robot [ 14] and four
Omnidirectional Mobile robots [15]. The previous study using differential drive mobile
robot using PID controller has been done to tracking the NURBS track with small errors
[16]. The previous study about four Omnidirectional Mobile robots using PID
controller had result 2% linear velocity error [17]. The PI [18] and PID [19] controller
has been implemented in the study about trajectory tracking control using Three
Omnidirectional Mobile Robot. The study by using PI controller to track the trajectory
works well with a closed loop control system [18]. The study of omnidirectional mobile
robot to serve the patient in the hospital using P, PID and PD controller is the robot are
still unable to reduce error on uneven ground. The PID controller that implemented is
better than other [19]. From the result of implemented the P, PI and PID controller from
previous study, this study uses Proportional controller to track trajectory with Polebot.
A proportional controller was chosen because it has a simple structure and is easy to
implement [20]. The communication between microcontroller and personal computer
is using ROS (robot operating system) [21] [22]. This study is expected to develop
Polman’s educational robot.

2 Method

2.1 Omnidirectional Mobile Robot

Omnidirectional mobile robot is a holonomic type of robot [5]. The robot can move in
all directions without orientation [10].

Fig. 1. Robot Kinematic [23].

forward kinematic formula
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Vmx=2V2-V1-V33(l)
Vmy=13V3-13V13(2)
op=V1+V2+V33L(3)
and invers kinematic
VI=-Vmx2-V3Vmy2+Lop (4)
V2=V mx+Lop (5)
V3=-Vmx2+V3Vmy2+Lop (6)
2.2 VDI2206

In this study, VDI2206 solved the problem of mechatronics systems. The problem-
solving process is divided into the following, 1) Requirement The first step is problem
analysis of the plant to determine the way to solve the problem. 2) System Design At
this stage the sub system design for the plant 3) System Integration and Validation The
result of the design should be validated using software. 4) Modelling and Analysis
Calculation modelling is an approach to determine the characteristics of the plant. 5)
Product The final stage is the product.

2.3 System Overview

An overview of the system designed in this study can be seen in the following figure.
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Fig. 2. System Design.

2.4  Mechanical Design

The mechanical design below is the new design of Polebot.
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Fig. 3. Polebot Beta Mechanical Design.

2.5  Electrical Design

The Arduino is used to control each motor of the robot.

FFFFEEE

Fig. 4. Polebot Beta Electrical Design.

2.6  Informatic Design

In this study, ROS is the platform for communication for each Arduino nano and
personal computer. The following is a programming flowchart of the robot.
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Fig. 5. Flowchart Program.

2.7  Control Design

In this study robots need to be controlled. To determine the controller parameter, we
use the root locus tuning method. To determine the transfer function of the DC motor,
system identification is used from matlab. By using the PWM input and RPM output it
can determine the transfer function of the DC motor.

Transfer function of the robot uses form the previous study about soccer robot with
the following equation, [24]

POSITION

PLANT

(POLEBOT) - el

Fig. 6. Closed Loop Control System Polebot.
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Fig. 7. System Identification Matlab.

Hp(s) = X(s) U(S) = 30 ms2 + 3B(s) 2 (7)

o = motor torque constant § = motor speed constant m = mass of the robot transfer
function of the robot can be written as,

Hp(s) = X(s) U(S) =0.011768 0.5s 2 + 0.725 2 (8)
2.8  Trajectory Tracking

The robot will move to follow the calculated trajectory. To analyze the movement, the
robot will move to sine trajectory, eight trajectory and circle trajectory 9 — 11 as follows
[25].

fort=0<t<240

Vi 0016 = ¢
Vy| = | sin(l.5 =) (%)
i) ]
fort=0<t<390
| cost
1-_||' . .-.ir.-:li.‘ I:_J[]_:I
w 0

fort=0<t<390
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3 Results

3.1 Mechanical Design Implementation

The following is an implementation of the mechanical design.

Fig. 8. Mechanical Design Implementation.

3.2  Electrical Design Implementation

Arduino is installed and applied to every DC motor of the robot.

Fig. 9. Electrical Wiring Implementation.
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3.3 Information Design Implementation

The interface of the robot is using ubuntu’s terminal to drive the robot as follows.

Fig. 10. Interface.

Fig. 11. Rqt graph.

3.4 Result of Determine of PID Control Parameters on Motors and Robot

1) Motor Control By using system identification, the transfer function of each
motor as follows,
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Fig. 12. Motor 1 response after using PID.

Motor 1 response with a rise time of 0.6 seconds with an overshot 0.24% and a
settling time of 1.09 seconds.
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Fig. 13. Motor 1 Transfer Function.
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Fig. 14. Motor 2 response after using PID.

Motor 2 response with a rise time of 0.6 seconds with an overshot 0.03% and a
settling time of 1.23 seconds.
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Fig. 15. Motor 2 Transfer Function.

The motor 3 response with a rise time of 0.6 seconds with an overshoot 0.24% and a
settling time of 1.09 seconds
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Fig. 16. Motor 3 response after using PID.
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Fig. 17. Motor 3 Transfer Function

2) Robot Control Using root locus tuning method, proportional control is obtained as
follows,

3.5 Trajectory Tracking Result

In this study the robot will be track trajectory of sine, eight trajectory and circle
trajectory following result,

Table 1. Result Of The Sine Trajectory Tracking.

| | Input Experiment Error
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t X Y X Y Error Error
X Y
0 0.000 0.000 0.000 0.000 0.000 0.000
1 0.016 0.026 0.003 0.001 0.013 0.025
2 0.032 0.052 0.011 0.007 0.021 0.045
3 0.048 0.078 0.023 0.018 0.025 0.060
4 0.064 0.105 0.037 0.036 0.027 0.069
5 0.080 0.131 0.054 0.055 0.026 0.076
6 0.096 0.156 0.070 0.076 0.026 0.080
7 0.112 0.182 0.088 0.097 0.024 0.085
8 0.128 0.208 0.105 0.117 0.023 0.091
9 0.144 0.233 0.124 0.137 0.020 0.096
10 0.160 0.259 0.142 0.158 0.018 0.101
239 3.824 - 3.775 - 0.049 0.165
0.026 0.191

The error is 0.02% on the X coordinate and 0.11% on the Y coordinate. With the
tracking chat as follows

Percobaan 1

Fig. 18. Tracking results of sinus trajectory.

Table II. Result Of The Eight Trajectory Tracking.

Input Experiment Error
t X Y X Y Error Error

X Y
0 1.000 0.000 0.000 0.000 1.000 0.000
1 1.000 0.017 0.003 0.003 0.997 0.014
2 0.999 0.035 0.020 0.011 0.979 0.024
3 0.999 0.052 0.045 0.020 0.954 0.032
4 0.998 0.070 0.073 0.034 0.925 0.036
5 0.996 0.087 0.104 0.049 0.892 0.038
6 0.995 0.104 0.132 0.066 0.863 0.038
7 0.993 0.121 0.162 0.083 0.831 0.038
8 0.990 0.138 0.191 0.099 0.799 0.039
9 0.988 0.155 0.223 0.116 0.765 0.039
10 0.985 0.171 0.254 0.134 0.731 0.037
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[ 389 ] 0875 o0424] 0912 0376 0037 ] 0048 |
The error is 0.07% on the X coordinate and 0.03% on the Y coordinate. With the
tracking chat as follows

Percobaan1

Fig. 19. Tracking results of eight trajectory.

4 Conclusion

The result of this study, the robot can successfully move tracking the trajectory with
the average error as follow.

Table III. Result Of The Circle Trajectory Tracking.

Input Experiment Error
t X Y X Y Error Error
X Y
0 1 0.000 0.000 0.000 1.000 0.000
1 1.000 0.017 0.006 0.003 0.994 0.014
2 0.999 0.035 0.027 0.011 0.972 0.024
3 0.999 0.052 0.052 0.024 0.947 0.028
4 0.998 0.070 0.082 0.037 0.916 0.033
5 0.996 0.087 0.113 0.051 0.883 0.036
6 0.995 0.105 0.144 0.069 0.851 0.036
7 0.993 0.122 0.172 0.087 0.821 0.035
8 0.990 0.139 0.202 0.104 0.788 0.035
9 0.988 0.156 0.233 0.122 0.755 0.034
10 0.985 0.174 0.266 0.140 0.719 0.034
389 0.875 0.485 0.901 0.428 0.023 0.022
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Fig. 20. Tracking results of circle trajectory

1) The sine trajectory error is 0.02% in X coordinate and 0.11% in Y coordinate.
2) The eight-trajectory error is 0.06% in X coordinate and 0.02% in Y coordinate.
3) The circle trajectory error is 0.07% in X coordinate and

0.02% in Y coordinate.
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