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ABSTRACT 
 

Implementing control engineering algorithm on a microcontroller will aid individuals understanding of the subject 
matter. Practically, the effect of different type of excitation can be viewed in Realtime. Individuals will be conversant 
with the implementation of the algorithm practically and also, be able to apply it on any kind of system. This paper 
presents a cheap and easy method of implementing control engineering algorithm on ESP32 microcontroller focusing 
on speed control of a DC motor. Two popular control algorithms: proportional integral derivative (PID) and pole 
placement (PP) controller were used. A linearized model of the DC motor was obtained, and a discretized PID and 
PP controller were designed. For the PID controller, a trial-and-error tuning method was used to obtain suitable 
gains. While for PP controller, it was designed with poles located at two different positions on the unit circle of the 
z-plane. Simulations were carried out in MATLAB to investigate the performance of the PID and PP controller be-
fore implementing on a real DC motor. 

Keywords:ESP32, Pole Placement, PID, Arduino IDE, DC motor 

1. INTRODUCTION 
 

Advances in semiconductor electronics have changed the 

way control engineering problems are solved. With the 

advent of microcontrollers, monitoring and controlling of 

systems becomes easier and more effective (Hamrita and 

McClendon, 1997). Implementing control engineering 

algorithm on a microcontroller will benefit individuals 

by giving them the necessary technical skills to supple-

ment the theoretical concepts developed in classrooms. 

Learning experiments is important especially for courses 

with theoretical and mathematical content. Implementing 

control engineering algorithm will give individuals a 

deeper perspective regarding the course and also provide 

them with different idea of control system application. 

Although, one will argue that simulations can be used to 

achieve the same result. However useful, simulation ac-

tivities do not give students a solid understanding of the 

complexities of dynamic systems which may result in 

losing some perspectives in reality (Lozano-Nieto, 

2014). 

The aim of this paper is to implement a cheap and easy 

method of PP and PID controller on a DC motor for 

speed control.  

The rest of the paper is organized as follows; Literature 

review, Methodology, Result and Discussion, and Con-

clusion. 

2. LITERATURE REVIEW 

 
Control systems work by means of controllers. When a 

control algorithm is executed, sequence of activities keeps 
the control system in a certain mode of operation. The 
control algorithm describes the nature of the output as a 
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function of the input. This paper focuses on implementing 
PID and PP controller for DC motor for speed control. 
Vikhe et el., (2014) shows how a DC motor can be co
trolled using a PID controller in LabView. They inte
faced the DC motor with LabView using an Arduino Uno. 
They focused on obtaining the speed and eliminating the 
error between the output and the setpoint. 

Abdelrahman et el., (2016) designs and simulate a DC 
motor speed controller using PP technique with MA
LAB. The simulation results show the PP settles within a 
short time with overshoot less than 5% and no steady state 
error.  

Nasreldin et el., (2017) designed and implemented a 
PID controller to control the speed of a DC moto
Arduino Uno microcontroller. They focused on tracking 
the setpoint regardless of friction or disturbances and also, 
changing the direction of rotation of the DC motor.

Recently, Alfian and Naufal (2021) implemented the 
control of a DC motor using integral state feedback (ISF) 

 

The DC motor parameters were obtained using system 
identification. The modelling of the DC motor is done in 
MATLAB, and a discrete PP and PID controller was 
designed and implemented on ESP32 microcontroller for 
the speed control. 

3.1. Experimental Setup 

The block diagram as shown in figure 1 described the 
relationship between individual unit of the setup. The 
power supply unit (PSU) feeds the entire setup with a 12V 
D.C, which enables its operation. The potentiometer is
used to set the nominal voltage of the DC motor through 
the ESP32 microcontroller. The LM7805 regulator is used 
to enable the L293D motor driver. The ESP32 microco
troller is the control unit of the entire setup. The control 
algorithm (PP and PID) program
is used to control the speed of the DC motor via the motor 
driver. The DC motor encoder is used for closed loop 
control.  

Figure 1: Block Diagram of the DC 
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function of the input. This paper focuses on implementing 
PID and PP controller for DC motor for speed control.  

et el., (2014) shows how a DC motor can be con-
ntroller in LabView. They inter-

faced the DC motor with LabView using an Arduino Uno. 
They focused on obtaining the speed and eliminating the 
error between the output and the setpoint.  

Abdelrahman et el., (2016) designs and simulate a DC 
ller using PP technique with MAT-

LAB. The simulation results show the PP settles within a 
short time with overshoot less than 5% and no steady state 

Nasreldin et el., (2017) designed and implemented a 
PID controller to control the speed of a DC motor with an 
Arduino Uno microcontroller. They focused on tracking 
the setpoint regardless of friction or disturbances and also, 
changing the direction of rotation of the DC motor. 

Recently, Alfian and Naufal (2021) implemented the 
integral state feedback (ISF) 

controller with an Arduino Uno and compared it with a 
PID controller. They showed that increasing the integral 
control parameter decrease the rise time and increases the 
settling time. They also showed that increasing the sta
feedback parameter gives a faster rise time and settling 
time. The performance of ISF is compared with PID 
controller. The authors reported that ISF has a better 
system response than PID controller. 
All of the above studies are rather expensive or cumbe
some to implement. Other studies only focused on sim
lation. However useful, simulations do not consider the 
complexities of dynamic systems. This paper focuses on 
implementing a cheap and easy method of implemen
PP and PID controller to control the speed of a DC motor. 
Other control algorithms such as Linear Quadratic Re
ulator (LQR), Fuzzy Logic Controller (FLC), Sliding 
Mode Control (SMC), etc., can be implemented on the 
same setup.

3. METHODOLOGY

The DC motor parameters were obtained using system 
identification. The modelling of the DC motor is done in 
MATLAB, and a discrete PP and PID controller was 
designed and implemented on ESP32 microcontroller for 

The block diagram as shown in figure 1 described the 
relationship between individual unit of the setup. The 
power supply unit (PSU) feeds the entire setup with a 12V 
D.C, which enables its operation. The potentiometer is 
used to set the nominal voltage of the DC motor through 
the ESP32 microcontroller. The LM7805 regulator is used 
to enable the L293D motor driver. The ESP32 microcon-
troller is the control unit of the entire setup. The control 
algorithm (PP and PID) program is written within, which 
is used to control the speed of the DC motor via the motor 
driver. The DC motor encoder is used for closed loop 

 
iagram of the DC Motor Setup 

The complete hardware design of the experimental 
setup as shown in figure 2, shows all the units connected 
on a circuit board.

3.2. DC Motor Model Derivation

DC motors are electromechanical machines that co
vert direct current electrical energy into mechanical 
energy (rotation
industrial solutions such as; 
ing pumps, workshop machineries, cranes, hoist/elevators, 
robotic arm etc. Judging from the application of the DC 
motor, there is a need to work at certain speed level or 
have a better response before attaining steady state, hence 
the application of control engineering algorithm to control 
the speed of the motor. 
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controller with an Arduino Uno and compared it with a 
PID controller. They showed that increasing the integral 
control parameter decrease the rise time and increases the 
settling time. They also showed that increasing the sta
feedback parameter gives a faster rise time and settling 
time. The performance of ISF is compared with PID 
controller. The authors reported that ISF has a better 
system response than PID controller.  

above studies are rather expensive or cumbe
some to implement. Other studies only focused on sim
lation. However useful, simulations do not consider the 
complexities of dynamic systems. This paper focuses on 
implementing a cheap and easy method of implementing 
PP and PID controller to control the speed of a DC motor. 
Other control algorithms such as Linear Quadratic Re
ulator (LQR), Fuzzy Logic Controller (FLC), Sliding 
Mode Control (SMC), etc., can be implemented on the 
same setup.

METHODOLOGY 

The complete hardware design of the experimental 
shown in figure 2, shows all the units connected 

on a circuit board. 

Figure 2: DC Motor Setup 

DC Motor Model Derivation 

DC motors are electromechanical machines that co
vert direct current electrical energy into mechanical 
energy (rotation). DC motors find application in many 
industrial solutions such as; conveyors, fans, reciproca
ing pumps, workshop machineries, cranes, hoist/elevators, 
robotic arm etc. Judging from the application of the DC 
motor, there is a need to work at certain speed level or 
have a better response before attaining steady state, hence 
the application of control engineering algorithm to control 
the speed of the motor. In this paper,TS-25GA370 model 

controller with an Arduino Uno and compared it with a 
PID controller. They showed that increasing the integral 
control parameter decrease the rise time and increases the 
settling time. They also showed that increasing the state 
feedback parameter gives a faster rise time and settling 
time. The performance of ISF is compared with PID 
controller. The authors reported that ISF has a better 

above studies are rather expensive or cumber-
some to implement. Other studies only focused on simu-
lation. However useful, simulations do not consider the 
complexities of dynamic systems. This paper focuses on 

ting 
PP and PID controller to control the speed of a DC motor. 
Other control algorithms such as Linear Quadratic Reg-
ulator (LQR), Fuzzy Logic Controller (FLC), Sliding 
Mode Control (SMC), etc., can be implemented on the 

The complete hardware design of the experimental 
shown in figure 2, shows all the units connected 

 

DC motors are electromechanical machines that con-
vert direct current electrical energy into mechanical 

rs find application in many 
conveyors, fans, reciprocat-

ing pumps, workshop machineries, cranes, hoist/elevators, 
robotic arm etc. Judging from the application of the DC 
motor, there is a need to work at certain speed level or to 
have a better response before attaining steady state, hence 
the application of control engineering algorithm to control 

25GA370 model 
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(12V 300RPM PPR = 240) was used. 
uations govern the DC motor m

𝑉(𝑡) =

The transfer function of the DC motor in terms of angular 

speed and input voltage is: 

 

In this paper, the first order approximation of the DC 

motor model is used (6).  

 

Table 1: TS-25GA370 DC Motor 

L(H) R(Ω) Kb(rad/V.s) Kt (Nm/A)
0.001 13.8 0.3642 0.3642

 

Table 1 shows the characteristic parameters of 

TS-25GA370 motor model which was obtained using 

system identification method. The parameters of the DC 

motor were estimated using the torque 

experimental data of armature current, motor speed and 

acceleration as described in (Bature et el., 2013)

values of the motor parameter 

(7). 

3.3.Digital Controller Design

Nowadays, analog controllers are replaced by their digital 
counterparts. The digital controllers are in the form of 
digital circuits, computers, or microprocessors. There are 
various ways of designing a digital controller. One m
thod is to discretize the existing continuous
troller which is adopted in this paper.

3.3.1. Pole Placement Controller 
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(12V 300RPM PPR = 240) was used. The following eq-
uations govern the DC motor model (Ahlquist, 1954). 

( ) = 𝑅𝐼(𝑡) + 𝐿
( )

+ 𝑒 (𝑡)...(1) 

𝑒 (𝑡) = 𝑘 𝜔(𝑡)...(2) 

𝑇 = 𝐽
( )

+ 𝐵𝜔(𝑡)...(3) 

𝑇 = 𝑘 𝐼(𝑡)...(4) 

The transfer function of the DC motor in terms of angular 

( )

( )
=

( )( )
 ... (5) 

In this paper, the first order approximation of the DC 

( )

( )
=  ... (6) 

otor Characteristic Parameters 

Kt (Nm/A) J(kg.m^2) B(N.m.s) 
0.3642 0.004876 0.000283 

Table 1 shows the characteristic parameters of 

25GA370 motor model which was obtained using 

system identification method. The parameters of the DC 

motor were estimated using the torque equation, and the 

experimental data of armature current, motor speed and 

as described in (Bature et el., 2013).The 

values of the motor parameter are substituted in (6) to get 

( )

( )
=

.

.
 ... (7) 

Design 

Nowadays, analog controllers are replaced by their digital 
counterparts. The digital controllers are in the form of 
digital circuits, computers, or microprocessors. There are 
various ways of designing a digital controller. One me-

e the existing continuous-time con-
troller which is adopted in this paper. 

Pole Placement Controller  

This is a method of feedback control system theory in 
which closed loop poles of a plant is placed in 
pre-determined locations in s
of the poles corresponds to the eigenvalues of a plant, 
which control the characteristic response of the plant. The 
plant must be considered controllable and observable to 
implement this method. The pole placement controller 
works by placing po
circle of z-
stability as seen in figure 3. The location of the poles is 
specified by the designer, these locations can be closer to 
unity or father away from unity on z
imaginary axis or on the imaginary axis in s
pending on the control objectives
2001). These poles play a vital role in determining the 
stability of the system. 

 

 

 

 

 

Figure 

PP controller model is represented by (8). 
point, 𝑘  and 
ity and 𝑥[𝑘

 

Figure 4: 

To design the digital controller, a continuous state space (9) 
model of the DC motor is obtained using MATLAB and then 
converted into discrete state space (10) with a sampling time 
of 10ms. The default method of discretization was used. 
Which is the zero
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This is a method of feedback control system theory in 
which closed loop poles of a plant is placed in 

determined locations in s-plane or z-plane. Locations 
of the poles corresponds to the eigenvalues of a plant, 
which control the characteristic response of the plant. The 
plant must be considered controllable and observable to 
implement this method. The pole placement controller 
works by placing poles at a desired location on the unit 

-plane or in the left-hand side of s-plane for 
stability as seen in figure 3. The location of the poles is 
specified by the designer, these locations can be closer to 
unity or father away from unity on z-plane or closer to 
imaginary axis or on the imaginary axis in s-plane d
pending on the control objectives (Westphal and Louis

. These poles play a vital role in determining the 
stability of the system.  

Figure 3: Poles Position on S-plane and Z-plane. 

PP controller model is represented by (8). 𝑦  is the se
and 𝑘  are the gains of the system for stabi

𝑘] is the system state as shown in figure 4. 

𝑢[𝑘] = 𝑘 𝑦 − 𝑘 𝑥[𝑘] ... (8)

 Schematic of a Digital State Feedback Control System 

̇ .
.

 ... (9)

To design the digital controller, a continuous state space (9) 
model of the DC motor is obtained using MATLAB and then 
converted into discrete state space (10) with a sampling time 
of 10ms. The default method of discretization was used. 
Which is the zero-order hold (‘zoh’).  

This is a method of feedback control system theory in 
which closed loop poles of a plant is placed in 

. Locations 
of the poles corresponds to the eigenvalues of a plant, 
which control the characteristic response of the plant. The 
plant must be considered controllable and observable to 
implement this method. The pole placement controller 

les at a desired location on the unit 
plane for 

stability as seen in figure 3. The location of the poles is 
specified by the designer, these locations can be closer to 

ne or closer to 
plane de-

Louis, 
. These poles play a vital role in determining the 

is the set-
are the gains of the system for stabil-

 

] ... (8) 

 

... (9) 

To design the digital controller, a continuous state space (9) 
model of the DC motor is obtained using MATLAB and then 
converted into discrete state space (10) with a sampling time 
of 10ms. The default method of discretization was used. 
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[ ] .
[ ]

Table 2 shows the summary of the gains and scaling terms 
obtained from MATLAB for two poles location. The gain 
Kd and Krd can be obtained using MATLAB command.

Kd = place(Ad,Bd,p) and 

Krd=1/(Cd*((eye(size(Ad))
) 

Table 2: Scaling Term and Gains of 

Poles  Position 

Pole1 0.680 

Pole2  0.987 

3.3.2. PID Controller 

PID controller is one of the most common control alg
rithms used in industries. A PID controller includes a 
feedback control system which evaluates the feedback 
variable using a fix point to generate an error signal which 
alters the system output (Udaykumar
process continues until the error reaches zero otherwise 
the value of the feedback variable becomes equivalent to 
the setpoint. PID controller consists of three basic coeff
cients; proportional, integral and derivative as shown in 
figure 5 which are varied to get optimal response. In this 
paper, the “trial and error” method of tuning the gains for 
ideal response are used as shown in Table 3. Once one 
understands the significance of each gain parameter, this 
method becomes relatively easy.

Table 3:Tuning Meth

Gain Parameters Rise Time
Proportional gain 𝐾  Decrease

Integral gain 𝐾  Decrease
Derivative gain 𝐾  Small change

Figure 5:Schematic of a PID 

From figure 5, the general model of the continuous PID 
controller is the proportional, Integral, and Derivative 
which are represented as the control law
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[ ] . [ ]
[ ] . [ ]

 ... (10) 

Table 2 shows the summary of the gains and scaling terms 
obtained from MATLAB for two poles location. The gain 
Kd and Krd can be obtained using MATLAB command. 

and  

Krd=1/(Cd*((eye(size(Ad))-(Ad-Bd*K))\Bd)

ains of Various Pole Positions 

Krd Kd 

5.9731 30.2960 

0.2427  -0.7172 

of the most common control algo-
rithms used in industries. A PID controller includes a 
feedback control system which evaluates the feedback 
variable using a fix point to generate an error signal which 

Udaykumar et el., 2010). The 
rocess continues until the error reaches zero otherwise 

the value of the feedback variable becomes equivalent to 
the setpoint. PID controller consists of three basic coeffi-
cients; proportional, integral and derivative as shown in 

to get optimal response. In this 
paper, the “trial and error” method of tuning the gains for 
ideal response are used as shown in Table 3. Once one 
understands the significance of each gain parameter, this 
method becomes relatively easy. 

3:Tuning Method 

Rise Time Overshoot Settling Time 
Decrease Increase Small change 
Decrease Increase Increase 

Small change Decrease Decrease 

 
of a PID Control System 

From figure 5, the general model of the continuous PID 
the proportional, Integral, and Derivative 

represented as the control law; 

𝑢

Differentiating (11) yields;

To implement the control algorithm, (12) has to be di

cretized. The discretization is performed using the appl

cation of Laplace transform and backward difference 

which yields;

𝑢(𝑘) =

Table 4 shows the gains used for PID controller. The 

gains were obtained using trial and error method which 

was simulated and a satisfactory response was obtained 

with a fast rise time and settling time with little ove

shoot and no steady

 

3.4.ESP32 Microcontroller Programming

ESP32 is a SoC (System on Chip) microcontroller which 
interfaces with variety of sensors and supports common 
communication protocols required for interfacing 
UART, I2C and SPI. Its operating frequency is 240MHz, 
it has two cores for parallel processing and consumes less 
amount of power
is cheap and can be programmed using the popular A
duino IDE. The controller
ESP32 microcontroller as shown in figure 6

Figure 6: 
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𝑢(𝑡) = 𝑘 𝑒(𝑡) + 𝑘 ∫ 𝑒(𝑡)𝜕𝜏 + 𝑘
( )

 ... (11)

Differentiating (11) yields; 

�̇� = 𝑘 �̇�(𝑡) +  𝑘 𝑒(𝑡) + 𝑘 �̈�(𝑡)... (12)

To implement the control algorithm, (12) has to be di

cretized. The discretization is performed using the appl

cation of Laplace transform and backward difference 

which yields; 

( ) = 𝑢(𝑘 − 1) + 𝑘 + 𝑘 + 𝑘 𝑒(𝑘) + 𝑘 − 𝑘

2𝑘 )𝑒(𝑘 − 1) + 𝑘 𝑒(𝑘 − 2) ... (13)

shows the gains used for PID controller. The 

gains were obtained using trial and error method which 

was simulated and a satisfactory response was obtained 

with a fast rise time and settling time with little ove

shoot and no steady state error. 

Table 4: PID Gains 

Kp Ki Kd 

1.00 0.05 1.00 

ESP32 Microcontroller Programming 

ESP32 is a SoC (System on Chip) microcontroller which 
interfaces with variety of sensors and supports common 
communication protocols required for interfacing such as; 
UART, I2C and SPI. Its operating frequency is 240MHz, 
it has two cores for parallel processing and consumes less 
amount of power (Maier et el., 2017). The microcontroller 
is cheap and can be programmed using the popular A
duino IDE. The controller design was implemented on 
ESP32 microcontroller as shown in figure 6-7. 

 Implementation of Control Law in Arduino IDE for PP 

... (11) 

)... (12) 

To implement the control algorithm, (12) has to be dis-

cretized. The discretization is performed using the appli-

cation of Laplace transform and backward difference 

−

... (13) 

shows the gains used for PID controller. The 

gains were obtained using trial and error method which 

was simulated and a satisfactory response was obtained 

with a fast rise time and settling time with little over-

ESP32 is a SoC (System on Chip) microcontroller which 
interfaces with variety of sensors and supports common 

such as; 
UART, I2C and SPI. Its operating frequency is 240MHz, 
it has two cores for parallel processing and consumes less 

. The microcontroller 
is cheap and can be programmed using the popular Ar-

design was implemented on 
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The input signal tracking was carried out using three di
ferent inputs. The first input signal is the step, second is 
the pulse and third is the sine. The response is carried out 
using PP and PID controller. The resulting output is 
shown in different plots. For the PP, the effect of poles 
closer to unity and farther away from unity was examined. 
Two poles are tested and the resulting response is o
served. The location of poles determines the perfor
of the system response. 
4.1. Pole Placement controller

When a step input signalis 
is shown in figure 8. 

Figure 8:(a) Speed Response 

Figure 8 (a) shows the Step response of two pole positions 
(pole1 and pole2). From the plot, 
pole2 closer to unity on the z
sponse and the pole1 farther away from unity has a faster 
response and it tracks the input signal more accurately
with a little overshoot. This overshoot can be eliminated 
by moving the pole to a certain position which can have 
effect on the rise and settling time
sent the eigen value of the system, the system dynamic
needs to be understood in other to design the best co
troller suited for a particular application.

Figure 7: Control Law Implemented in Arduino IDE for PID
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 4.RESULT AND DISCUSSION 

The input signal tracking was carried out using three dif-
ferent inputs. The first input signal is the step, second is 
the pulse and third is the sine. The response is carried out 

controller. The resulting output is 
shown in different plots. For the PP, the effect of poles 
closer to unity and farther away from unity was examined. 
Two poles are tested and the resulting response is ob-
served. The location of poles determines the performance 

Pole Placement controller 

 applied, the output response 

 
esponse Due to Step Input 

Figure 8 (a) shows the Step response of two pole positions 
(pole1 and pole2). From the plot, it can be seen that the 

closer to unity on the z-plane has a very slow re-
farther away from unity has a faster 

input signal more accurately 
This overshoot can be eliminated 

by moving the pole to a certain position which can have 
rise and settling time. Since the pole repre-

sent the eigen value of the system, the system dynamics 
in other to design the best con-

troller suited for a particular application. 

.  

 
From figure 8 (b), the pole
control signal voltage compared to 
from unity. 
sociated by pole1, the control signal consumed about 6V 
at the initial stage before stabilizing into 4V. on the other 
hand, pole2 consumes control signal steadily until it 
reached 4.5V a

The response of the 
tions in figure 8

Table 5:

 
Poles Rise time 

(s)
Pole 1 0.5
Pole 2 2.1

.  
In this paper,
not all the system states are accounted for. Inability to 
measure the full states of a system might pose a challenge 
to develop an effective control scheme for the plant and 
this can degrade the performance of the sy
The response due to pulse and sine input can be seen in 
figure 9 and 10 with their corresponding control signal 

Figure 7: Control Law Implemented in Arduino IDE for PID 
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RESULT AND DISCUSSION  

 
.  Figure 8: (b) Control Signal Due to Step Input 

From figure 8 (b), the pole closer to unity demand lesser 
control signal voltage compared to the pole farther away 

 Furthermore, as a result of the overshoot a
sociated by pole1, the control signal consumed about 6V 
at the initial stage before stabilizing into 4V. on the other 
hand, pole2 consumes control signal steadily until it 
reached 4.5V and remains constant. 

response of the DC motor performance specific
tions in figure 8 (a) is presented in Table 5. 

5: Output Response Table of PP Performance Index 

Specifications (Approximate) 
Rise time 

(s) 
Settling time (s) Overshoot (%) Peak time (s)

0.5 1 4 0.7 
2.1 3.3 0 5 

In this paper, the first order approximation was used and 
not all the system states are accounted for. Inability to 
measure the full states of a system might pose a challenge 
to develop an effective control scheme for the plant and 
this can degrade the performance of the system. 
The response due to pulse and sine input can be seen in 
figure 9 and 10 with their corresponding control signal 

closer to unity demand lesser 
farther away 

Furthermore, as a result of the overshoot as-
sociated by pole1, the control signal consumed about 6V 
at the initial stage before stabilizing into 4V. on the other 
hand, pole2 consumes control signal steadily until it 

specifica-

Peak time (s) 

 

first order approximation was used and 
not all the system states are accounted for. Inability to 
measure the full states of a system might pose a challenge 
to develop an effective control scheme for the plant and 

The response due to pulse and sine input can be seen in 
figure 9 and 10 with their corresponding control signal 
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voltage. They also exhibit the properties of the step r
sponse in terms of the pole positions on z

Figure 9:(a) Speed Response 

Figure 9: (b) Control Signal 

 

Figure 10:(a) Speed Response 
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voltage. They also exhibit the properties of the step re-
sponse in terms of the pole positions on z-plane. 

 
esponse Due to Pulse Input 
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Figure 10: (b) Control 

4.2. PID controller

The output response as a result of step input is shown in 

figure 11 (a).

Figure 11

PID controller constantly adjust the value of the control 

signal applied to the DC motor to maintain 

speed as seen in figure 11 (a)

response, the DC motor suff

This overshoot can be reduced by decreasing the value of 

Kp at the expense of increased rise time. The specific

tions of the motor response with PID 

byvarying the

shows the response of the DC motor performance index 

for PID. 
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Figure 10: (b) Control Signal Due to Sine Input 

PID controller 

The output response as a result of step input is shown in 

(a). 

 
Figure 11:(a) Speed Response Due to Step Input. 

PID controller constantly adjust the value of the control 

signal applied to the DC motor to maintain the desired 

as seen in figure 11 (a). At the early stage of the 

response, the DC motor suffered an excessive overshoot. 

This overshoot can be reduced by decreasing the value of 

Kp at the expense of increased rise time. The specific

tions of the motor response with PID can be changed 

the tuning ratio to suit the application. Table 6 

ws the response of the DC motor performance index 

Table 6. Output Response Table of PID 

Specifications (Approximate)  
Rise time 

(s) 
Settling time 

(s) 
Overshoot 

(%) 
Peak time 

(s) 
0.5 4 10 1 
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Figure 11: (b) Control Signal 

Figure 11 (b) shows the control signal
the step input. From the plot it can be seen that at the early 
stage, it consumes a lot of power which is as a result of the 
overshoot experienced.Eliminating the overshoot will 
result in lower power consumption by the DC m
tor.Figure 12 and 13 shows the response of pulse and sine 
input with their corresponding control signal
They also exhibit the properties of the step input in terms 
of overshoot and control signal c
pulse input which consume more than the step
input as a result of itsslow switchingnature. 

Figure 12:(a) Speed Response 

 
This paper examined the implementation of PP and PID 

controllers on a cheap and affordable microcontroller with 
focus on speed control of a DC motor. The experimental 
setup supports the application of 
DC motor speed control. The responses were examined 
with step, pulse and sine inputs. From the results obtained, 
the effect of poles closer to unity and farther away from 
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ignal Due to Step Input. 

Figure 11 (b) shows the control signal plot as a result of 
the step input. From the plot it can be seen that at the early 
stage, it consumes a lot of power which is as a result of the 

Eliminating the overshoot will 
esult in lower power consumption by the DC mo-

Figure 12 and 13 shows the response of pulse and sine 
with their corresponding control signal respectively. 

They also exhibit the properties of the step input in terms 
of overshoot and control signal consumption except for 

consume more than the step and sine 
itsslow switchingnature.  

 
esponse Due to Pulse Input 

Figure 12: (

Figure 1

Figure 13:(

5. CONCLUSION  

This paper examined the implementation of PP and PID 
on a cheap and affordable microcontroller with 

focus on speed control of a DC motor. The experimental 
setup supports the application of various controllers for 

speed control. The responses were examined 
with step, pulse and sine inputs. From the results obtained, 
the effect of poles closer to unity and farther away from 

unity on the z
troller. Based on the results obtained, it demonstrated the 
theory that poles closer to unity have slower response than 
those farther away from unity on the z
farther away from unity consume higher control signal 
voltage than those closer to unity
trade-off for faster response with fast settling time
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Figure 12: (b) Control Signal Due to Pulse Input. 

 
Figure 13:(a) Speed Response Due to Sine Input 

 
Figure 13:(b) Control Signal Due to Sine Input. 

CONCLUSION   

unity on the z-plane were examined using the PP co
ased on the results obtained, it demonstrated the 

theory that poles closer to unity have slower response than 
those farther away from unity on the z-plane. Also, poles 
farther away from unity consume higher control signal 
voltage than those closer to unity on the z-plane which is a 

off for faster response with fast settling time as seen 
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in the experiment. The PID response was shown together 
with its control signal. The response of the PID can be 
altered by varying the tuning ratio in accordance to the 
control system application. Furthermore, both the PP and 
PID shows that overshoot leads to consuming higher 
control signal. Future work will be to use the setup and 
various kind of control engineering algorithm to deter-

mine the controller with best performance in controlling 
the speed of a DC motor in the presence of environmental 
uncertainties. Additionally, the microcontroller can be 
used with a suitable control engineering algorithm to 
control the dynamics of industrial systems or robotics 
system
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