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Abstract—The research proposes controlling DC motor an-
gular speed using the Proportional Integral Derivative (PID)
controller and hardware implementation using a microcontroller.
The microcontroller device is Arduino Uno as data processing,
the encoder sensor is to calculate the angular speed, and the
motor driver is L298. Based on the hardware implementation,
the proportional controller affects the rise time, overshoot, and
steady-state error. The integral controller affects overshoot and
undershoot. The derivative controller affects overshoot insignifi-
cantly. The best parameter PID is Kp=1, Ki=0.3, and Kd=0.1 with
system response characteristic without overshoot and undershoot.
Using various set point values, the controller can make the DC
motor reach the reference signal. Thus, the PID controller can
control, handle, and stabilize the DC motor system.

Index Terms—DC Motor, PID Controller, Arduino Uno,
Proportional-Integral-Derivative, Linear Control.

I. INTRODUCTION

The Direct Current (DC) motor is the device that converts

the electric force to be the mechanic force [1]. It has a lot

of applications such as in robotics [2] [3] [4] and industrial

automation. DC motor is very famous because it is easy to

control, simple, and can give a good performance.

The problem of the DC motor is how to control and

stabilize the angular speed in reference value. It needs a

controller to control the voltage input. There are some con-

trollers implemented in the system, such as PID Controllerand

Fuzzy Logic Controller (FLC) [5]. Some researchers have

researched modeling, control, simulation [6] [7]. However,

the research is just about the simulation, not the hardware

implementation. The simulation is different from hardware

implementation. There is a lot of the troubleshooting in the

hardware implementation. Thus, the hardware implementation

is more complicated than simulation.

Based on the background, the research would propose

controlling DC Motor using the PID controller. The research

will use the hardware implementation using low-cost micro-

controller Arduino Uno [8] [9] [10] [11]. The objective of

the research is to observe the PID controller Implementation

and educate about PID controller characteristics in hardware

implementation.
The research structure is as follows. The first is the proposed

system. The second is the methodology, the third is result and

discussion, and the last is the conclusion.

II. PROPOSED SYSTEM

The diagram block system in Fig. 1. The motor driver

is L298. The microcontroller is the Arduino Uno as a data

processor. The DC motor type is JGA25-370, with an encoder

sensor included. The DC motor has spesifications reaching

210RPM speed in 6volt voltage. There are two encoders in

the DC motor, encoder A and encoder B. The encoder is used

to calculate the angular speed. The serial monitor is the Laptop

that is used as an angular speed interface.

Fig. 1. The Block Diagram System

The control system block diagram is shown in Fig. 2. The

Set Point (SP block) is the reference value that must be
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reached by DC Motor. The Proportional Integral Derivative

(PID Block) controller must control the DC motor to reach

the set point value.

Fig. 2. The Control System Block Diagram

The output of PID is a control signal that is input for the

Motor Driver. The motor driver’s function is to step up the

voltage. The feedback is the encoder sensor that used pulse

to calculate the angular speed in RPM (Radian per Minute).

The output of the PID controller is an 8-bit Pulse Width

Modulation (PWM) signal with a value between 0-255.

III. METHODOLOGY

A. Wiring Diagram

The wiring diagram is shown in Fig. 3, and the Input-Output

PIN is shown in Table I. There are three kinds of voltage

generated from a power supply: 3.3volt, 5volt, and 12volt.

The encoder sensor used the 3.3volt. The L298 motor driver

used the 5V to activate the IC and used 12V to supply the

DC motor. The PIN motor direction is arranged by PIN 7 and

8. The PWM PIN is arranged by PIN 8. The encoder data is

connected with PIN 2 and 3.

TABLE I
ARDUINO UNO PIN NUMBER

PIN
NUMBER

I/O PIN
FUNCTION

PIN
NUMBER

I/O PIN
FUNCTION

6 PWM PIN 2 Encoder A
7 Motor Driver Direction 3 Encoder B
8 Motor Driver Direction

Fig. 3. The Wiring Diagram

B. Speed Meter

The code of the angular speed meter is shown in Listing. 1.

The principle of angular speed meter is to count the pulse from

the encoder then multiply the counted pulse by an encoder

constant to get the RPM value. Based on the specifications, the

DC Motor reaches the 210RPM in 6volt voltage. The encoder

constant can be found based on the DC motor 6volt power

voltage and the calculated pulses.

currentMillis = millis();
if (currentMillis - previousMillis >

interval)
{
rpm =

(float)(encoderValue*ENCODER_CONSTANT);
previousMillis = currentMillis;
Serial.println(rpm); }

Listing 1. The Angular Speed Meter

C. Proportional Integral Derivative (PID) Controller

The proportional integral derivative (PID) controller is the

most used controller in robotics and industrial. It is because

the controller is easy to understand, easy to be implemented in

simulation [12], and hardware implementation [13], and has

a simple structure but could give an excellent response. The

PID controller signal in time-domain [19] could be written as

u = Kpe(t) +
Kp

Ti

∫ t

0

e(t)dt+KpTd
de(t)

dt
(1)

Or it can be written as

u = Kpe(t) +Ki

∫ t

0

e(t)dt+Kd
de(t)

dt
(2)

Where

Ki =
Kp

Ti
,Kd = KpTd

Where the variable Kp is the proportional constant, the

variable Ki is the integral constant, the variable Kd is the

derivative constant. The PID code is shown in Listing. 2. The

code is based on the PID equation in (2).

error = sp - rpm;
sum_error = sum_error + error;
motorSpeed = ((kp*error) + (ki*sum_error) +

(kd *(error-last_error)));
if(motorSpeed > 255) motorSpeed = 255;
else if(motorSpeed < 0) motorSpeed = 0;
analogWrite(PWM, motorSpeed);
last_error = error;

Listing 2. The Proportional Integral Derivative Controller

IV. RESULT AND DISCUSSION

There is some examination in this section. The examinations

are the open-loop test, controller parameter test, and tracking

control test.
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A. Open Loop Test

The open-loop test is shown in Fig. 4. The x-axis is time

and the y-axis is angular speed. The open-loop test observes

the system response (angular speed) in RPM using an encoder

sensor with a constant input voltage in PWM.

Based on the result with various PWM, the speed meter

could calculate the angular speed. The angular speed charac-

teristics are rising initially and stable in specific RPM or steady

for a long time. Thus, the angular speed meter can calculate

the RPM, and the system has a stable system response.

Fig. 4. Open Loop Test Result

The PWM, the voltage in DC Motor, and angular speed in

RPM calculation are shown in Table II.

TABLE II
THE PWM, VOLTAGE AND RPM CALCULATION

PWM
(8-bit)

VOLTAGE
(volt)

RPM
VALUE

50 3 127
100 6.7 297
150 8.2 368
200 9.1 405
250 9.8 440

Based on the examination, to get the desired RPM, the

voltage must be adjusted. The method is not efficient because

the calibration must be done while the RPM is changing.

Because of that, the controller is needed to make the angular

speed always reach the reference.

B. Proportional Integral Derivative Parameter Test

The proportional, Integral, and Derivative constants have

different system response characteristics. It could be in rising

time, settling time, overshoot, undershoot, peak time, and the

steady-state error. The first test is to analyze the effect of the

increased proportional value. The result is shown in Fig. 5.

The system response is shown in Table III.

Based on Fig. 5 and Table III, it could be known that

increased proportional value can decrease the rise time value,

increase overshoot value, and decrease the steady-state error.

Fig. 5. The system’s response of Proportional control

TABLE III
PROPORTIONAL CONTROL SYSTEM RESPONSE

Value System Response
Rise
Time Setting Time Overshoot Steady State

Error
Kp=1 - - - 46
Kp=2 1.4943 - 6 28
Kp=3 0.8333 - 50 18
Kp=4 0.8163 - 52 16
Kp=5 0.8511 - 52 14

The result does not have a settling time because the response

system cannot reach the set point.

The second test is to analyze the effect of increased integral

value. The result is shown in Fig. 6. The system response is

in Table IV. It could be known that increased integral value

can decrease the rise time value, increase overshoot value, and

eliminate the steady-state error.

Fig. 6. The system’s response of Integral control

The third is analyzing the effect of increased derivative

value. The result is shown in Fig. 7. The system response is

in Table V. Based on Fig. 7 and Table V, it could be known
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TABLE IV
INTEGRAL CONTROL SYSTEM RESPONSE

Table
Head

System Response
Rise
Time Setting Time Overshoot Steady State

Error
Ki=0.1 18.6154 39.500 2 2
Ki=0.2 7.1667 15 2 0
Ki=0.3 2.4837 10 2 0
Ki=0.4 1.9949 6 6 2
Ki=0.5 1.7219 10 16 0

that increased derivative value can decrease the overshoot a

little bit. The derivative controller does not affect the response

system significantly, probably because of the use of less

sample time.

Fig. 7. The system’s response of Derivative control

TABLE V
DERIVATIVE CONTROL SYSTEM RESPONSE

Value System Response
Rise
Time Setting Time Overshoot Steady State

Error
Kd=0.1 1.5417 11.5000 20.0000 0
Kd=0.2 1.5385 9.5000 18.0000 0
Kd=0.3 1.5014 22.3333 16.000 2
Kd=0.4 1.4676 6 14.000 2
Kd=0.5 1.3702 9.5000 12.000 2

Finally, the best proportional integral derivative parameter

value is shown in Table VI. The result of the system response

is shown in Fig. 8.

The setpoint as the reference value is 100RPM. The first

best parameter gives the system response without overshoot,

and the second-best parameter gives the system response with

the little overshoot.

C. Tracking Control Test

The test of various setpoint is shown in Fig 9. The system

response is shown in Table VII.

Fig. 8. The system’s response of PID controller

TABLE VI
BEST PARAMETER PID

Value System Response
Rise
Time Setting Time Overshoot Steady State

Error
Kp=1

Ki=0.3
Kd=0.1

2.4511 11.5000 2.0 2

Kp=1
Ki=0.4
Kd=0.1

1.7500 5 4.0 2

Fig. 9. The system’s response to various set point

TABLE VII
SYSTEM RESPONSE TO VARIOUS SET POINT

Set point System Response
Rise
Time Setting Time Overshoot Steady State

Error
SP=50 3.4000 100.5200 8.3333 52
SP=75 3.3077 100.2400 2.6316 24
SP=125 2.2949 99.7600 3.2258 24
SP=150 2.4602 14.2500 1.3333 50
SP=200 5.8394 100.0100 2.0202 98
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Based on the result, the controller could reach the reference

value. The manual tuning uses 100 RPM as setpoint, thus the

best response system with fast rise time only in 100 RPM

or below the set point. Overall, the controller can stabilize the

DC motor in the various set point below the 20 of time. So the

controller is useful to control, stabilize the DC motor system.

Compared to the open-loop test, it will be tough to get

specific RPM using voltage adjustment. Also, it will need more

time and effort. Thus, the PID controller can handle the system

to get efficient control of various references.

V. CONCLUSION AND FUTURE WORK

The research is about controlling the DC motor system using

a Proportional Integral Derivative controller. The hardware

implementation is held by using Arduino Uno. Based on the

result, the PID Controller can control, handle, and stabilize

the DC motor system at various setpoints. The best parameter

of PID is Kp = 1, Ki = 0.3, Kd = 0.1 with a characteristic

response without overshoot. The other best parameter of PID

is Kp = 1, Ki = 0.4, Kd = 0.1 with a little bit overshoot.

The tuning of the PID controller parameter is still using the

trial and error. It needs further research about the autotuning of

the PID controller or using other tuning methods such as the

Ziegler Nichols, Genetic Algorithm, or Coefficient Diagram

Method. The angular speed meter still has much error when

calculating the RPM. Thus, it needs further research about the

best angular speed meter method, such as using the current

sensor, voltage sensor, two-pulse method, and etc.
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