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Abstract

This research presents the implementation of a Proportional Integral Derivative (PID) controller
to control the angular speed of a Direct Current (DC) motor using an embedded system
(microcontroller). The system’s hardware consists of an Arduino microcontroller, a DC motor
with an encoder sensor, a driver motor, and a power supply. Proportional control regulates the
response proportionally to the calculated error, while integral control manages the cumulative
error over time, and derivative control responds to the rate of change of the error, preventing Article History:
overshoot. With a proper combination, PID control achieves stability, speeds up response, and

reduces overshoot, improving overall system performance. Based on experimental data, the DC ~ Received: 13 December 2024
motor angular speed control §ystem using PID control achieves the best results, in yvhich the  Revised: 12 July 2025
parameter values are Kp=1; Ki=0.3; and Kd=0.6. The augmented system responded with 0.0890

seconds of the rise time, 11.772 seconds of settling time, and 0.12 seconds of the peak time, with ~ Accepted: 23 September 2025
an overshoot of less than 10% (7%). Published: 01  December 2025

1- Introduction

Direct Current (DC) motors are essential components in many home and industrial appliances due to their ability
to convert electrical energy into mechanical motion [1]. The advantage of a DC motor is that it is easy to control and
implement [2]. Therefore, DC motors have many applications [3]. It has been implemented in various applications
such as magnetic stirrers [4], steering [5], mobile robots [6], wheeled robots [7], water pumps [8], Conveyor [9],
inverted pendulum [10], and process control [11]. One of the important characteristics of DC motors is the ability to
adjust the angular speed by regulating the applied voltage [12]. However, their natural characteristics show
inefficiencies in terms of stability [13], especially when the applied voltage does not match the operational voltage
[14]. This leads to an undesirable slowdown or increase in the angular speed of the motor, resulting in a decrease in
energy usage efficiency [15].

Previous studies have implemented some control techniques for the angular speed of DC Motor systems, such as PID
control [16], Fractional Order PID (FOPID) control [17], State Feedback [18], Linear Quadratic Regulator [19], Sliding
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Mode Control [20], and Fuzzy Logic Controller (FLC) [21, 22]. PID controllers have become popular in controlling the
speed and response of DC motors [23-25]. Its main advantage lies in its adaptability across a wide range of operational
conditions, allowing for easier practical use in both daily life and industrial applications [26, 27]. In the context of angular
speed control in DC Motors, PID Controllers are a promising solution to improve the stability and response of the motor
[28].

Some previous research has implemented PID controllers for DC motor systems [29-34]. However, those pieces of
research were limited to simulations with ideal conditions [35, 36]. Hardware implementation of the controller is crucial
since application in the real world is not ideally conducted, and disturbance exists [37]. Evaluating and examining the
controller in real-time application is highly necessary to assess whether the method is suitable or not in the real condition
[38].

This research aims to evaluate and apply the effectiveness of PID Controllers in regulating the angular speed of DC
Motors. The method that will be used is the PID Controller applied on an Arduino-based system to regulate the angular
speed of the DC Motor. Testing will involve variations in the voltage applied to the motor to observe its response to
various PID settings implemented through Arduino. The benefits of this research are expected to support the theoretical
understanding of automatic control on DC Electric Motors. The implementation of an effective PID Controller on a DC
Motor using the Arduino platform has the potential to provide a simpler yet efficient solution for optimally regulating
the speed of an electric motor. This is expected to increase operational efficiency in various industrial sectors and daily
life without requiring an overly complex approach.

The paper structure is as follows. The first part is an introduction that explains the research background. The second
part is the method that consists of a comprehensive review of DC motor system, Pulse Width Modulation (PWM),
Proportional Integral Derivative (PID) Controller, Control System Diagram, Wiring Diagram and Flowchart Diagram.
The third part is the result and discussion that consists of hardware implementation, PWM experiments and calibration
encoder, Proportional (P) Controller Experiments, Proportional (PI) Controller Experiments and Proportional Integral
Derivative (PID). The last part is the conclusion and future work.

2- Method
2-1-DC Motor

Direct Current (DC) Electric Motor is a device that converts electrical energy into kinetic energy or movement
[39]. DC motors are also referred to as Direct Current Motors. As the name suggests, DC Motor has two terminals
and requires a direct current or DC voltage to move [40]. This DC motor produces a number of revolutions per
minute, commonly known as Revolutions Per Minute (RPM), and can be made to rotate clockwise or counter
clockwise if the polarity of the electricity given to the DC motor is reversed [41]. DC motors are one of the main
drivers that are widely used in industry today. In the past years, most of the small servo motors used for control
purposes were of the Alternating Current (AC) type. In reality, AC motors are more difficult to control, especially
for angular position control, and their characteristics are quite nonlinear, which makes analytical tasks more difficult
[42]. AC motors are costly due to their brushes and commutators. Moreover, AC motors with changing flux are only
suitable for certain control applications.

Figure 1 shows parts of the DC motor. Based on Figure 1, the important parts of DC motor are the Stator Magnets,
Coils, and Commutator. A simple DC motor has two field magnets: the north poles and the south poles. Magnetic
energy lines expand across the open space between the poles from north to south [43, 44]. There are one or more
electromagnets for larger or more complex motors. When an electrical current enters the DC motor coil, it will
become an electromagnet. DC motor coils are cylindrical and connected to the drive axle to move the load. In the
case of small DC motors, the DC motor coil rotates in a magnetic field formed by the poles until the north and south
poles of the magnet change location. DC motor commutators are mainly found in DC motors. Its use is to reverse the
direction of electrical current in the DC motor coil, and it also helps to transmit the electrical current between the DC
motor coil and the power source.

Rotor Coils

Stator
Magnets

Shate Brushes

Figure 1. The parts of DC Motor
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2-2-Pulse Width Modulation

Pulse Width Modulation (PWM) is a technique used to control power in electronic devices by regulating the duration
of the signal pulses given to the device [45, 46]. In the context of this research, PWM is used to control the signal pulse
on a DC motor and adjust its angular speed as needed [47]. The basic principle of PWM lies in modulating the duty cycle
of a digital signal; the duty cycle is known as the ratio of a period when the signal is in the ON state (ON time) compared
to the total period of its cycle (ON+OFF time) [48]. The illustration of the PWM output signal shows a signal wave with
a consistent period, but the pulse width in the active (on) phase can be changed as needed. Figure 2 illustrates a
visualization of the PWM signal output.

0% Duty Cycle

25% Duty Cycle

L LI

50% Duty Cycle

JERSRERERE

75% Duty Cycle

I
| |

100% Duty Cycle
Figure 2. PWM Signal illustration

—
—

Figure 2 displays 5 examples of PWM signal output with different duty cycles with a source voltage of 5 V, ranging
from 0% to 100%. When the duty cycle reaches 0%, there is no signal pulse in the active condition, making the output
voltage 0 V. However, if the duty cycle given is 50%, the working voltage released from PWM is 2.5 V, obtained based
on the PWM formula in Equation 1.

Vewm = (Pulse,y)/(Pulsey, + Pulse,rr ) X Vayppiy (D)

Equation 1 describes the relationship between the PWM output voltage (Vpy5,) and the ratio of the active pulse time
(Pulse,y,) to the total cycle period (Pulse,, + Pulse, ), multiplied by the source voltage (V;yrc.)- This formula allows
the calculation of the output voltage based on the duration of its ON and OFF state in one PWM cycle [49].

2-3-Proportional Integral Derivative (P1D) Controller

Proportional, Integral, and Derivative (PID) control is a significant control method in engineering [50]. It utilizes
feedback from the controlled system to ensure precision and stability in its operation. Consisting of three main
parameters, namely Proportional (P), Integral (1), and Derivative (D) control [51], PID is used in various fields such as
process control [52, 53], robotics [54, 55], power systems [56], and others [57]. The use of the PID method on a system
can be customized depending on the desired response and characteristics of the system being controlled [58]. This
arrangement allows controls that rely solely on proportional (P), a combination of proportional and integral (PI) [59], or
use proportional, integral, and derivative simultaneously (PID), to produce the desired response to a plant.

The role of each PID component is vital in the control process [60]. Proportional control responds directly to the error
between the setpoint and the system output. Integral handles errors that accumulate over time, generating correction
signals for errors that persist over long periods. Meanwhile, derivative control responds to the rate of change in the error
[61]. These three components work together to improve system response, reduce error, and increase stability, thereby
achieving the desired setpoint. Equation 2 displays the mathematical form of the PID equation [62].

u(t) = er(t) + K; fote(t)dt +K, dz(tt) )

In application, PID has several basic terminology that is important to understand. Common concepts include setpoint
(the expected value of the system), control signal with the symbol of u(t), output with the symbol y(t) (the actual value
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of the system), and error with the symbol e(t) (the difference between setpoint and output) [63]. The PID controller then
uses the calculated error to calculate the correction signal required to achieve the desired value [64]. Understanding these
basic concepts is important to effectively utilizing PID control in various application situations.

2-4-Control System Diagram

The design of the control system begins with the first step of creating an overall control system diagram. The diagram
serves as a visual representation of the relationship between the main components of the augmented system. At the initial
stage, the identification of key elements such as the DC motor, PID control, speed sensor in the form of an encoder, and
speed setpoint form the basis of the diagram. Figure 3 facilitates a clear understanding of the interactions between
elements, depicting the flow of signals or information in the augmented control system.

e(t) u(t)
Set _»@ PID DC Motor Output
point Controller (Angular Speed)

Encoder <

Figure 3. Control System Diagram

Based on Figure 3, the first step is to set the speed setpoint as the initial input. The setpoint signal is then compared
with the encoder feedback to generate the error, which is the difference between the desired and actual values. The
generated error becomes the input for the PID control, which then generates a control signal to regulate the DC
motor. The DC motor responds by generating an angular speed corresponding to the received control signal. The
encoder measures the actual speed of the motor, providing feedback to the system. The entire process is repeated
continuously, with the PID control adjusting the output signal to minimize the error and achieve the desired speed
setpoint.

2-5-Wiring Diagram

The design of the wiring diagram used to control the DC motor and the system to be developed requires a voltage
input of 12VDC (9V battery) and a setpoint input from a potentiometer. The wiring diagram is designed using the Fritzing
software and organized to provide a more detailed picture related to the connection configuration and the role of each
component in the system.

For a more detailed understanding of the connection diagram in Figure 4, a detailed explanation is provided in Table
1. The table shows the configuration of the Arduino interface, motor driver, DC motor, encoder sensor, potentiometer,
and power source. The purpose of this explanation is to provide a more detailed picture of the relationship settings
between these components in the system.

Table 1. Wiring Connection

Motor Driver

Arduino UNO LN298 Motor DC  Potentiometer
3v3 - 3.3v
GND GND GND GND
5V 5V - 5V
Vin 12v
3 IN1
4 IN2
5 ENA
6 Cc2
7 C1
A0 - - Data
- Outl M1
- Out2 M2
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Figure 4. Wiring Diagram
2-6- Flowchart Diagram

A system flowchart is a visual representation that describes the relationship of system steps (processes). In the context
of this research, the system flow chart will be used to explain in detail how the system works, starting from initialization
to setting the watering interval based on temperature and humidity data. Figure 5 shows the system flow chart that
provides a visual representation of the steps executed by the system.

Initialization Kp, Ki,
and Kd
Calculate PID
Input Setpoint l
(10 second) PWM = PID

.

A 4

Data sensor Calculate angular
speed DC Motor

—

Calculate error

No

Reach setpoin?

Figure 5. Flowchart Diagram

Based on the flow chart in Figure 5, the initial stages of the system begin with the initialization of the Kp, Ki, and Kd
parameters. Next, the setpoint input is controlled using a potentiometer for a period of 10 seconds. The next process
involves measuring the encoder sensor data to generate information about Rotations Per Minute (RPM). The data
measured by the sensor is then used to calculate the error, which is further used in the Proportional-Integral-Derivative
(PID) calculation. The results of the PID calculation are integrated as PWM input to the motor driver. The speed of the
DC motor is measured and maintained until it reaches the desired setpoint. If the desired setpoint has not been reached,
the process is repeated by recalculating the error; if the setpoint has been reached, the system runs the motor optimally.

3- Results and Discussion
3-1-Hardware Implementation

In this sub-chapter, we explain the hardware implementation used in this research. The hardware implementation is
divided into two main parts: internal and external. The internal part includes components that are directly integrated with
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the PID controller system and DC motor, while the external part includes supporting elements that serve to optimize the
performance of the entire system. Figure 6-a shows the internal hardware implementation, while Figure 6-b displays the
external hardware configuration.

(b)

Figure 6. (a) Internal and (b) External Hardware Configuration

3-2-Pulse Width Modulation (PWM) and Angular Sensor Experiments

In the PWM test that has been carried out, the results of the voltage value with the tested PWM value are obtained.
This test is done by comparing the results of mathematical calculations using Equation 1 with direct testing. Table 2
displays the test results of the voltage value of each PWM.

Table 2. Voltage Experiments each PWM

PWM Voltage Value (V)  Calculated Voltage Value (V)  Error (%)

50 2.17 2.353 8.433
75 331 3.529 6.616
100 4.36 4.706 7.936
125 5.53 5.882 6.365
150 6.62 7.059 6.631
175 7.75 8.235 6.258
200 8.82 9.412 6.712
225 10.08 10.588 5.040
250 11.14 11.765 5.610

Average error 6.622

Table 2 presents six sets of tested PWM values, namely 50, 75, 100, 125, 150, 175, 200, 225, and 250. Each PWM
value has a voltage value that is measured directly on the DC motor. The results of these measurements are recorded in
the “Voltage Value (V)” column in the table. As a comparison, a mathematical calculation using Equation (1) is
performed, and the results are documented in the “Calculated Voltage Value (V)” column. The percentage error for each
pair of measured and calculated voltage values was calculated in the error analysis. The percentage error is calculated
using the formula in Equation 3.

Calculated value—Voltage value

Error (%) = ( ) x 100% 3)

Voltage value

The results of the percentage error calculation for each PWM value are documented in the “Error (%) column. The
average error of the entire test is also calculated. Based on the table results, it can be seen that there is a difference
between the directly measured voltage value and the mathematically calculated value for each PWM value. The average
error of the entire test is 6.622%. The efficiency of the motor driver influences the average error value. Although there
are variations, the test shows consistency in the error value, which can be a focus for improvement or performance
enhancement in the PWM system.

The values of angular speed resulting from testing each PWM value are shown in Figure 7. The PWM was set to 50,
75, 100, 125, 150, 175, 200, 225, and 250. These experiments ensure that the angular speed sensor gives different RPM
values with various PWM inputs. It can be observed that different PWM inputs give different angular speed values; a
smaller value of PWM gives a smaller angular speed, and a bigger value of PWM gives a bigger angular speed. A
multiplier constant factor of angular speed relative to the PWM values is different in each value of PWM. A small
multiplier is found in PWM with high values, while a big multiplier is found in PWM with low values.
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Figure 7. Angular Speed at each PWM

3-3-Proportional (P) Controller Experiments

Seven different proportional gain (Kp) parameter values were applied to analyze the influence of the P controller on
the augmented system. Each Kp setting is used to control a DC motor with an angular speed setpoint of 100 RPM, which
is set via a potentiometer attached to the system. This experiment aims to evaluate the system response to variations in
the Kp parameter of proportional control. Seven different Kp values were applied to assess their effect on the stability
and performance of the system in achieving the setpoint. The setpoint of 100 RPM provides a consistent basis for
comparing the system response to changes in Kp. The use of a potentiometer as a setpoint control allows direct
adjustment of the system, adding flexibility to the experiment. By varying Kp on the P controller, the optimal value that
produces a stable and accurate system response to changes in angular velocity setpoint is expected to be found. This
scientific approach provides a strong experimental basis for understanding and optimizing proportional control of DC
motors to achieve specific angular speed targets. Figure 8 displays the P Controller test results, and Table 3 displays the
system’s responses.

200 T T T T
Kp=1
180 Kp=2 n
Kp=3
Kp=5
g 140 Kp=6 | ]
Kp=7
3 120 setpoint |
M|
8- 100 A A ‘ A A AL D ‘ A D ‘
(D
® \ “,‘ l n A " ,,u n
S 80
o)
c
<< 60
40 b
20 b
0 1 1 1 1 1
0 2 4 6 8 10 12

time (s)

Figure 8. P Controller Experiments
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Parameter Rise time (s) Settling time (s) Overshoot (%) Peak (RPM)  Peak time (s)
Kp=1 NaN NaN 0 62 0.18
Kp=2 0.0631 11.9680 17 117 0.12
Kp=3 0.0363 11.9753 90 190 0.12
Kp=4 0.0384 11.9765 90 190 0.12
Kp=5 0.0384 11.9832 90 190 0.12
Kp=6 0.0385 11.9400 90 190 0.12
Kp=7 0.0428 11.9760 90 190 0.12

Table 3 presents the response analysis results of applying the P Controller on the DC motor with variation of
proportional gain (Kp) parameter. The evaluation parameters include rise time, settling time, overshoot, Peak RPM, and
Peak time, representing the characteristics of the system in response to changes in Kp. First, by setting Kp=1, the system
was unable to reach a steady state, so rise time and settling time cannot be measured (NaN). Although the system’s
response had no overshoot, the Peak RPM achieved was 62 RPM with a Peak time of 0.18 seconds. Increasing the Kp
value to 2 showed a significant increase in rise time (0.0631 seconds) and settling time (11.9680 seconds). An overshoot
of 17% was found, with Peak RPM reaching 117 RPM at a peak time of 0.12 seconds. However, by increasing the Kp
further to 3; 4; 5; 6; and 7, respectively, it can be observed that the rise time, settling time, and peak time experienced
smaller changes, around 0.0384-0.0428 seconds, 11.9400-11.9832 seconds, and 0.12 seconds, respectively. Meanwhile,
the overshoot value remained consistent at 90%, and the Peak RPM reached 190 RPM.

Generally, the analysis showed that increasing Kp resulted in a faster increase in reaching the setpoint (lower rise
time) but also increased the overshoot rate. Although the settling time, overshoot, and peak time tended to be stable after
using Kp=2, the significant increase in rise time may indicate that the optimal Kp value may lie in that range, resulting
in a good balance between speed response and system stability.

3-4-Proportional Integral (P1) Controller Experiments

In the experiment, seven different proportional gain (Ki) parameters were combined with the same Kp parameter
value, which was Kp = 1; the exact parameter value was chosen as the control parameter since no overshoot was found
during the previous test. Each Ki setting is used to control a DC motor with an angular speed setpoint of 100 RPM,
which is set through a potentiometer attached to the system. This experiment aims to evaluate the system response to
variations in the Ki parameter of the proportional integral control. Seven different Ki values were applied to assess their
effect on the stability and performance of the system in achieving the setpoint. The setpoint of 100 RPM provides a
consistent basis for comparing the system response to changes in Ki. The use of a potentiometer as a setpoint control
allows for direct adjustments to the system, adding flexibility to the experiment. By varying the Ki of the PI controller,
the optimal value that produces a stable and accurate system response to changes in the angular velocity setpoint is
expected to be found. This scientific approach provides a strong experimental basis for understanding and optimizing
proportional control of DC motors to achieve specific angular speed targets. Figure 9 displays the Pl Controller test
results, and Table 4 displays the Pl Controller test response analysis results.

150 T T T T T

= 100
3
?
&
n
‘_S Kp=1;Ki=0.1
8) 50 Kp=1,Ki=0.2| |
< Kp=1;Ki=0.3
Kp=1;Ki=04
Kp=1;Ki=0.5
Kp=1;Ki=0.6
Kp=1;Ki=0.7
setpoint
O 1 1 1 1 1
0 2 4 6 8 10 12

time (s)

Figure 9. Pl Controller Experiments
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Table 4. P1 Controller Analysis
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Parameter Rise time(s) Settling time (s) Overshoot (%)  Peak (RPM)  Peak time (s)
Kp=1, Ki=0.1 0.8127 11.952 2 102 2.28
Kp=1, Ki=0.2 0.1512 11.240 2 102 1.20
Kp=1, Ki=0.3 0.1278 11.952 7 107 0.30
Kp=1, Ki=0.4 0.1100 11.480 17 117 0.24
Kp=1, Ki=0.5 0.0986 11.660 27 127 0.18
Kp=1, Ki=0.6 0.0911 11.952 35 135 0.18
Kp=1, Ki=0.7 0.0852 10.940 42 142 0.18

Table 4 presents the results of the response analysis of the Pl Controller on the DC motor with variations in the
proportional gain (Kp) and integral gain (Ki) parameters. The evaluation parameters include rise time, settling time,
overshoot, Peak RPM, and Peak time for each combination of Kp and Ki values. First, by setting Kp=1 combined with
Ki=0.1, the augmented system responded in 0.8127 seconds of rise time and 11.952 seconds of settling time. A relatively
small overshoot of 2% occurred, with the peak RPM reaching 102 RPM at a peak time of 2.28 seconds. By increasing
Ki to 0.2, there was a significant improvement in the system response. The rise time decreased to 0.1512 seconds, and
the settling time reached 11.240 seconds. Although the overshoot remained at 2%, the peak RPM occurred at a faster
peak time of 1.20 seconds. Increasing Ki further to 0.3; 0.4; 0.5; 0.6; and 0.7 resulted in a consistent decrease in the rise
time that can be observed, which reached its minimum at Ki=0.5 (0.0986 seconds). Settling time also decreased to 11.660
seconds at Ki=0.5. However, there was an increase in the overshoot rate, which reached a maximum of 35% at Ki=0.6.
Although there was a decrease in overshoot when Ki=0.7 was applied, the rise time and settling time increased.

Overall, the analysis results showed that increasing Ki in the PI controller can reduce the rise time and settling time
but was often followed by an increase in the overshoot. Therefore, when selecting Kp and Ki parameters in the Pl
Controller, the balance between response time and system stability level needs to be considered..

3-5-Proportional Integral Derivative (PID) Controller Experiments

The PID controller was tested by applying seven differential gain (Kd) parameter variations to achieve the best
response to the DC motor. The angular speed setpoint of 100 RPM was set using a potentiometer attached to the system.
The selection of the proportional gain (Kp) parameter value of 1 and integral gain (Ki) of 3 was based on previous testing
results, where the configuration showed a low overshoot of 7% in reaching a peak time of less than 0.5 seconds. The
settings of Kp=1 and Ki=3 were chosen to provide a basis for potential PID control configurations. The focus on Kd
variation aims to find the optimum value to improve the system response to angular speed setpoint changes. The selection
of Kd as the variable to be varied allows exploration of the influence of the differential control on the system’s overall
performance. Thus, this experiment was designed to understand and optimize the PID controller parameters to achieve
a stable and accurate response to a DC motor with a specific setpoint. Figure 10 displays the PID Controller test results,
and Table 5 displays the PID Controller test response analysis results.
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Figure 10. PID Controller Experiments
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Table 5. PID Controller Analysis

Parameter Rise time (s) Settling time (s) Overshoot (%) Peak (RPM) Peak time (s)
Kp=1, Ki=0.3, Kd=0.1 0.1269 11.960 5 105 0.30
Kp=1, Ki=0.3, Kd=0.2 0.1188 11.952 2 102 0.36
Kp=1, Ki=0.3, Kd=0.3 0.1033 11.952 2 102 0.60
Kp=1, Ki=0.3, Kd=0.4 0.1046 11.952 2 102 0.66
Kp=1, Ki=0.3, Kd=0.5 0.0991 11.952 2 102 0.90
Kp=1, Ki=0.3, Kd=0.6 0.0890 11.772 7 107 0.12
Kp=1, Ki=0.3, Kd=0.7 0.0817 11.952 12 112 0.12

Table 5 presents the results of the PID Controller response analysis on the DC motor with variations of combinations
in the proportional gain (Kp), integral gain (Ki), and differential gain (Kd) parameters. The evaluation parameters include
rise time, settling time, overshoot, peak RPM, and peak time for each combination of Kp, Ki and Kd values. In the
configuration of Kp=1; Ki=0.3; with various values of Kd, it can be observed that increasing Kd significantly affects the
system response. Increasing Kd from 0.1 to 0.5 resulted in a consistent decrease in rise time, with the lowest value
achieved at Kd=0.6 (0.0890 seconds). Settling time also experienced a general decrease, reaching the lowest value at
Kd=0.6 (11.772 seconds). Although the overshoot value remained low (2%) at all Kd variations, the change in Kd
influenced the peak RPM and peak time values. An increase in Kd caused an increase in Peak RPM, with the highest
value reached at Kd=0.6 (107 RPM). The peak time varied but remained relatively small within 0.12-0.90 seconds.

The best parameter recommendation can be made based on the trade-off between the rise time, settling time, and
overshoot values. In this context, the PID Controller configuration with Kp=1; Ki=0.3; and Kd=0.6 showed good
performance with low rise time, optimal settling time, and low overshoot (below 10%). Therefore, the best parameter
recommendation is Kp=1; Ki=0.3; and Kd=0.6 to achieve the best response on a DC motor with a setpoint of 100 RPM.
We then compared the experiment results with other results from previous studies. The performance comparison result
is shown in Table 6. Based on the Table, the result of this research displayed the best rise time. The system’s responses
in the steady condition had stable oscillation due to the settling time of 11.952 seconds. Other studies’ results did not
have oscillation in their steady conditions.

Table 6. Comparison Result

Ref. Parameter Rise time (s)  Settling time (s)  Overshoot (%)
Najem et al. (2024) [65] Kp=0.95, Ki=1.758, Kd=0.000127 0.520 0.644 0.81
Kurniasari & Ma’arif (2024) [66] Kp=1, Ki=0.4, Kd=0.01 0.1751 1.2420 1.6287
Rahayu et al. (2022) [67] Kp=0.8, Ki=0.877, Kd=0.629 1.5979 5.6667 2
Suseno & Ma’Arif (2021) [68] Kp=3.75, Ki=1.3184, Kd=0.2051 2.7872 135 2
Present Study Kp=1, Ki=0.3, Kd=0.5 0.0991 11.952 2

4- Conclusion

This research presents the angular speed control of a DC Motor with a PID Controller using an Arduino
microcontroller, encoder sensor and motor driver. Based on the experiments, the PID method was successfully applied
to control a 25-GA370 type DC motor equipped with an encoder sensor using the Arduino Uno platform. The
experimental results show that the PID parameters significantly affect the system response. Increasing proportional value
affects the rise time system to be bigger. Increasing the integral value helps the system reduce the steady state error but
makes the rise time bigger. Increasing the derivative value affects the rise time to be smaller. Optimal results were
obtained with parameters of Kp=1, Ki=0.3 and Kd=0.6, resulting in a rise time of 0.0890 seconds, a settling time of
11.772, a peak time of 0.12 seconds and an overshoot of less than 10% (7%). This shows that using PID with suitable
parameters can precisely control the DC motor. Future research about controlling the DC motor angular speed can be
implemented with other controllers such as nonlinear [69], robust, and/or adaptive control. Other future research works
are to apply optimization algorithms [70], such as metaheuristic algorithms, to the controller.
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