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Abstract — The MR CRUSH robot is designed for participation in the 2023 Indonesian Thematic Robot Contest
(KRTMI). In the motor part of the MR CRUSH robot, each wheel is designed to rotate independently and using
a mecanum wheel system. Mecanum wheels are a type of wheel that has the ability to move in all directions
by combining rotational speed and direction. To maximize this capability, the force generated on each
mecanum wheel must be the same as set point. One of the influences of the amount of force produced is the
mecanum wheel rotation speed. This research aims to implement a closed-loop control system with a
Proportional-Integral (PI) controller. By implementing this PI controller, it ensures that the rotation speed of
the dc motor corresponds to the set point value given, so that the four dc motors that drive the mecanum wheel
will have the same rotation speed. The parameters for the PI controller used in this research are Kp = 0.3 and
Ki = 0.08. Based on the results, the closed-loop control system with the designed PI controller produces
constant motor rotation speed at the set point with 0 steady-state error.
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The control system used on the previous MR
CRUSH robot used an open-loop control system that
had no feedback input. When each motors that drive
The MR CRUSH robot is designed for participation ~ the mecanum wheel are given the same Pulse Width
in the 2023 Indonesian Thematic Robot Contest Modulation (PWM) value, the rotation speed output
(KRTMI). At the regional level of the KRTMI produced by the dc motors is not the same as each
competition, the robot has the objective of pickingup  other. Therefore, it takes a lot of experimentation to
coins one by one on a rack totaling 10 coins and then get the exact PWM value for each dc motors to
moving around carrying the coins to be placed at  produce the same rotation speed.

certain locations within 3 minutes. To make the
robot's movement more effective, the MR CRUSH
robot has four wheels designed to rotate
independently and using a mecanum wheel system

. Introduction

This research proposes the application of a closed
loop control system with a Proportional-Integral (PI)
controller. By implementing this PI controller, it
ensures that the rotation speed of the dc motor

[11. corresponds to the set point value given, so that each
The mecanum wheel system implemented on the MR dc motors that drive the mecanum wheel will have
CRUSH robot allows the robot to move in all  the same rotation speed.

directions without turning, making the robot's
movement effective. The combined results of the I
rotational speed and direction of each mecanum '
wheel will determine the direction movement of the
robot. To maximize this capability, the force I.1.  Hardware Design

generated on each mecanum wheel must be the same The block diagram of the hardware system on the

as set point. One of the influences of the amount of MR CRUSH robot is shown in Figure L. This system
force produced is the mecanum wheel rotation speed has a configuration including input, output and

[2]. process. In the input section there is an encoder

Methods
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sensor and wireless receiver. In the output section
there is a VNH2SP30 motor driver and a JGB37-520
dc motor. In the processing section, RobotDyn
Mega2560 Pro is used. Meanwhile, the voltage
source used comes from a 4 cell battery with a
voltage of 14V which is then regulated to 12V, 5V
and 3.3V respectively. The encoder sensor and
wireless receiver are connected to a voltage of 3.3V,
the microcontroller is connected to a voltage of 5V.
The motor driver requires a voltage of 5V as a
voltage source for the electronics, while 12V is a
voltage source for the dc motor.

Wireless Motor Driver DC Motor

Controller

Robotdyn Motor Driver DC Motor

Mega 2560

Antenna

Antenna

Wireless

Receiver

Motor Driver DC Motor

Motor Driver DC Motor

s s e
T T T T

I
| | | |

Encoder Encoder Encoder Encoder

I I I I

Input
— Process

= Qutpui

Fig. 1. MR CRUSH Robot Hardware System Block
Diagram

Fig. 2. MR CRUSH Robot Hardware System Schematic

A schematic of the motor driver and encoder sensor
system circuit is shown in Figure 2. The motor driver
system is designed using 4 VNH2SP30 motor drivers
where each motor driver controls one dc motor. As a
result, each dc motor can have its rotation speed
controlled separately via the PWM value. The top
view of the robot is shown in the Figure 3. The
configuration of the motor driver pin can be seen in
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Table 1. The sensor used to detect the rotation speed
of a DC motor is an encoder sensor. The encoder
sensor is located at the bottom of the robot and is
integrated with the dc motor. The configuration of
the encoder sensor pin can be seen in Table 2. The
bottom view of the robot is shown in the Figure 4.

Table 1. Motor driver pin configuration

Pin Function
PWM EN Pin INA Pin INB Pin
Motor Pin (Enable) (Motor (Motor
Driver Driver
Direction) Direction
)
Motor 10 A4 A2 A0
0
Motor 12 Al A3 A5
1
Motor 46 A10 A8 Ab
2
Motor 13 All A9 A7
3

Table 2. Encoder sensor pin configuration

Pin Function
Encoder Encoder A
Encoder0 2
Encoderl 20
Encoder2 3
Encoder3 18
Motor 1 Motor 0

g8

Motor 2

Fig. 3. Top View of the MR CRUSH Robot
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Fig. 4. Bottom View of the MR CRUSH Robot

1.2.

The control system block diagram is shown in Figure
5. This control system is categorized as a closed-loop
control system. This control system has a
configuration including input, processor
(microcontroller) and output. The input device is an
encoder sensor, the processing device is an
ATmega2560 microcontroller and the output device
is a VNH2SP30 motor driver and a JGB37-520 dc
motor. The type of controller used is a Pl controller.
The set point is the input initial reference value
which will be compared with the value from the
feedback to produce a difference value called error.
The error results obtained will be processed by the Pl
algorithm and produce a control signal in the form of
PWM. This PWM signal will then be sent to the
motor driver so that it can function to regulate the
speed of the dc motor. The resulting output is the dc
motor rotation speed per minute (RPM). The control
system flowchart in software design is shown in
Figure 6.

Software Design
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Fig. 5. Control System Block Diagram
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Fig. 6. Control System Flowchart

11.3.  RPM Counter

The encoder sensor reads the rotation speed of the
motor by providing feedback in the form of high and
low pulse signals to the microcontroller. Then the
signal will be calculated to get a value in the form of
motor revolutions per minutes (RPM). To get the
value of revolutions per minute (RPM), the following
equation is used.

- x 60 1)

RPM = —————
nyxinterval
Where n is the number of pulse signals detected by
the encoder sensor, nr is the number of pulse signals
in one turn, interval is the time interval used in the
program and 60 is the second to minute conversion
constant. This equation is implemented in the
program as follows.

int interval = 50;
currentMillis = millis();
if (currentMillis - previousMillis >
interval) {
previousMillis = currentMillis;
rpm = (float) ((n/(112*0.05)) *60) ;
}
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11.4.

Proportional-Integral is a control algorithm in a
closed-loop control system which functions to
determine the level of response and precision of a
system. The PI controller is a type of controller that
is formed from combining two controllers, namely a
proportional controller and an integral controller.
These two controllers have different control
characteristics. The PI controller reads the feedback
value from the sensor, then performs calculations to
get the desired set point value by adding the P and |
controls. In designing the Pl controller, it is
necessary to tune the P and | parameters to get an
ideal and precise response in a system control [3]-
[5]. The PI controller equation is as follows.

Proportional-Integral Controller

u(t) = Kye(t) + K; J e(t)dt )

where u(t) is a control signal, Kp is the proportional
control parameter value, Ki is the integral control
parameter value, e(t) is the error or difference
between the reference value and the feedback value.
Proportional control deals with the error between the
reference value and the feedback value. The integral
control deals with the sum of all errors. This equation
is implemented in the program as follows.

int interval = 50;
currentMillis = millis{();
if (currentMillis - previousMillis >
interval) {
previousMillis =
error = Sp — rpm;
Sum_error = sSum_error + error;
motorSpeed = ((kp*error)+ (ki*
sum_error));
analogWrite (PWM, motorSpeed) ;
}

currentMillis;

I1.5.

Tuning is the process of determining the values of
proportional and integral control variables to achieve
an ideal and precise response in a control system.
Tuning is done by trying several Proportional and
Integral parameter (Kp, Ki) values to observe system
response differences with each parameter value
change.

Tuning Proportional-Integral Parameter

Copyright © 2023 Journal of Electrical Technology UMY

79

250

200

Ve INNWOINL N WY\

RPM

0 05 1 15 2 25 3 4 45
lime
—K0=0.3; K

0.02

Fig. 7. Tuning System Response Graph

Kp=0.3; Ki=0.04 Kp=0.3;Ki=0.08

Based on the system response graph shown in Figure
7, the best PI control parameters (Kp, Ki) are Kp =
0.3 and Ki = 0.08. The system response reached the
set point with 0 steady-state error. There is no
overshoot, and the rise time has a value of 0.1
seconds. Therefore, the parameter values used for
this research are Kp = 0.3 and Ki = 0.08.

This section describes a comparison of an open loop-
control system compared to a closed-loop control
system using a Pl controller. This test was carried out
on two different surfaces, namely plywood and
carpet. The results of the open-loop control system
are shown in Figure 8, and the results of the closed-
loop control system using the P1 controller are shown
in Figure 9. The set point value used is 200 RPM and
the PI control parameters used are Kp = 0.3 and Ki =
008 with interval time 50 ms. The difference that can
be seen by comparing the two control systems is seen
in the system response in reaching the set point value.
In the test results on the carpet surface, the open-loop
control system was unable to reach the set point with
a steady-state error of 29 RPM.

Result and Discussion

Meanwhile, in a closed-loop control system with a Pl
controller, the system is able to reach the set point
value with a steady-state error of 0 RPM. This
happens because in an open-loop control system
there is no correction if the output speed of the dc
motor does not reach the set point value. Meanwhile,
a closed-loop control system can easily reach the set
point value. Therefore, the system response
produced by a closed-loop system with a PI
controller is better in reaching the set point value. In
an open-loop control system, the rise time obtained
is 2 seconds. Meanwhile, in a closed-loop control
system with a P1 controller, the time required to reach
the set point is faster than an open-loop system with
the rise time value obtained is 0,4 seconds.
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The results of the design and application of the
mecanum wheel motor speed control system design
with PI controller on Mr. Crush Robot are shown in
Figure 10, at the Indonesian Thematic Robot Contest
(KRTMI) in 2023.
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Fig. 9. Response Results of The Closed-Loop Control
System Using a PI Controller
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Fig. 10. Application of mecanum wheel motor speed
control system design with PI controller on Mr. Crush
Robot

V.

This research proposes the application of a closed
loop control system with a Proportional-Integral (P1)
controller. Based on the result, The system response
by the closed-loop control system with PI controller
is better in achieving the set point value than the
open-loop control system in tests on both surfaces. In
the test results on the carpet surface, the open-loop

Conclusion
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control system was unable to reach the set point with
a steady-state error of 29 RPM. Meanwhile, in a
closed-loop control system with a PI controller, the
system is able to reach the set point value with a
steady-state error of 0 RPM. The rise time of a
closed-loop control system with a Pl controller is
faster than that of an open-loop control system. In an
open-loop control system, the rise time obtained is 2
seconds. Meanwhile, in a closed-loop control system
with a Pl controller, the time required to reach the set
point is faster than an open-loop system with the rise
time value obtained is 0,4 seconds. The PI control
parameters used in this research are Kp = 0.3 and Ki
=0.08.
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