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ABSTRACT

Proportional-Integral-Derivative (PID) Controllers are some
of the most widely used control systems used in the industry.
Coupled with the fact that DC motors are the most commonly
used actuators in its class, the combination of the two meritsa
look into how the performance of the whole system will look
like. In this paper, the objective is to develop and tune a
system with a DC motor, a closed-loop control system, and an
integrated PID controller. A setpoint speed will be the target
for the motor reach with feedback sensors and an introduced
noise in the control system, the PID controller must maintain
the speed of the motor at or near the setpoint target. Another
objective is to analyze and decide how the control system
should be tuned. The whole system will be modeled using
Simulink and the Control Systems Toolbox which are both
available in MATLAB.

Key words: dc motor, control system, PID controller,
Simulink.

1. INTRODUCTION

DC motors, dated back in the 1900s, have persisted in modern
technology due to its major contributions in powering various
industrial applications. A DC motor, as the name implies, is
powered by a direct current. The objective of this device is to
convert electrical energy into mechanical energy. This has
given people in the 19th century the convenience to drive a
boat using these motors, and the exact same convenience to
the essential appliances in the present time. It is commonly
utilized in the field of transportation, mining, defense, and
construction [1,2,3,4].

As DC quickly overtook the AC, DC motors started to
become widely used in the industries; hence, controlling such
devices has sparked interest to a vast number of researchers
and industries. There are two important characteristics of
motors: torque and speed; where the ability of the motor to do
work is derived from the speed and the torque.

Methods and approaches on how to control these motors
differ in complexity. Some modern control techniques such as
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optimal control, nonlinear control,adaptive control, and
variable structure controlwere proposed to control the speed
of a magnet DC motor that is brushless and permanentbut
these tend to be complex in theoretical basics or difficult to
implement [5,6]. On the other hand, a PID controller offers
one of the simplest ways to control a DC motor [7].

2. BACKGROUND OF THE STUDY

It is necessary to improve upon the initial DC Motor control
systems to ensure the stability and efficiency of any given
system. There have been studies concerning the way a DC
motor is controlled yet the most popular is the method where a
PID controller is utilized [8]. However, the quality of control
systems, in general, suffer due to the high nonlinearity of the
DC Motor [9,10,11]. In existing studies on DC motor
controllers, becomes very complex when implemented which
leads the researchers to further investigate and enhance the
design methodologies of PID controllers due to the DC
controllers’ undesired gain.

DC motors can sometimes fail, and these failures tend to
become difficult to overcome especially low resistance
failures. Low resistance is caused by the degradation of the
insulation of the windings, as a motor or any machine for that
matter, moves it will most likely cause friction. Friction can
wear down other elements in a system such as insulations.
This can be due to overheating, due to the friction from
moving parts, corrosion which is due to an element's exposure
to oxygen and moisture, or other physical damages [12]. An
enhanced control system will ensure that the system is
efficient, and the desired output is obtained. Due to the
simplicity of the PID controller, it has been commonly used in
the industry. It has been studied that multiplexers can be used
as a switching mechanism for the gain parameters, it has been
observed that a reconfiguration occurs in every stage of the
execution cycle. These PID controllers have been observed to
have powerful computational and demand for storage due to
its requirement of several algebraic operations which include
matrix systems [13].
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3. STATEMENT OF THE PROBLEM

DC motors are often used in industries using speed control
systems for achieving the desired output. DC motors are often
controlled manually by varying the armature resistance. Here,
DC motor speed is changed through variation of the current in
armature using a variable resistor or a rheostat. However, this
method is not efficient since it takes us more time for
adjusting the speed from its minimum and maximum rotations
per minute. Another way of driving the DC motor is through
the magnetic flux control method. Here, the flux is varied
through the amount of current passing through the field
winding. These methods of controlling a DC motor take up
more time and are costly. Thus, using a digital controller for
driving a DC motor should be easier to implement and
analyze, as well as reduce the costs.

4. SIGNIFICANCE OF THE STUDIES

DC motors are very popular in industrial applications. DC
motors are commonly used in speed control applications and
systems concerning servos. The common components of a
servo system consist of a motor, a device responsible for
feedback or feedforward depending on the design, and a
controller. The control system typically consists of a motion
controller, meaning this control system is responsible for the
motion profile of the motor and also provides the motor drive
which is also the supply of power for the motor. On the other
hand, PID controllers or Proportional Integral Derivative
controllers are the most commonly used when it comes to
controlling the DC motor due to its ruggedness, easy tuning
and ease of implementation. The controlling system will be
enhanced if proper metaheuristic techniques are used.

Metaheuristic techniques are used to optimize the PID
controller thus optimizing the control system for the DC
motor. In this paper, the metaheuristic technique used is a
hybrid SA-NM, it has an objective function that contains the
exponential factor and also the SA algorithm which is guided
by the Boltzmann distribution of the energies with different
states in an exponential function.

5. DESCRIPTION OF THE SYSTEM

The system consists of an input desired speed which shall be
the setpoint, the input of a digital PID controller will be
connected to the error calculated e(t) from the setpoint and
feedback loop which was drawn from the actual speed of the
motor and an introduced noise. Figures 1 and 2 shows the DC
motor diagrams.
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Figure 1:Block diagram of the system
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Figure 2:Diagram of the DC motor

6. METHODOLOGY

Figures 3 to 9 shows the Control System components.
6.1. Components

A. DC Motor
A DC Motor converts electrical energy into
mechanical energy. Shown in figure 3 is the circuit
diagram of a DC motor. The parameters which define
the motor include the resistance, inductance, inertial
load and back emf.

Angular
Velocity

Viscous
Friction
current

Figure 3: DC Motor Circuit
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B. Discrete PID controller
The discrete PID controller block is shown in figure 4.
This control will be the one to compute for the error
signal of the speed and voltage requirement to drive the
motor.

) PID(z) P

Discrete PID Controller

Figure 4: PID Controller Block
C. Analog-to-Digital Converter

Since the control system is digital, analog signals need
to be converted to digital signals. This is done using the
analog-to-digital converter.

4

A-D
Converter

Figure 5: Analog-to-Digital Converter Block

D. Inputs/Outputs
1. Torque Disturbance
The torque disturbance is one external factor that
affects the DC motor. The disturbance block is

shown in figure 6.

Disturbance

Figure 6: Disturbance Block

2. Desired Speed
For digital systems, a user can input its desired
speed and the controller will be the one to
compute the amount of voltage to be sent for that
DC motor to have that speed.

Speed >

Desired Speed

Figure 7: Speed Block
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3. Sensor Noise
All motors are prone to noise and this block will
Gaussian distributed random number as the noise.

N p

Sensor noise

Figure 8: Noise Block

6.2. Simulation

Sensor noise
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Figure 9: Block diagram of the System

6.3. Procedure
A. Open Simulink.
B. Place components and connect based on the block
diagram given.
C. Speed Block.
1. Double click on the speed block.
2. Double click on the step block. This will provide a
step output for the speed.
3. Set the desired values for each parameter.
4. Click “Apply” to apply the new values entered.
5. Click “OK”
D. Disturbance Block
1. Double click on the disturbance block.
2. Double click on the step block. This will provide a
step output for the torque disturbance.
3. Set the desired values for each parameter.
4. Click “Apply” to apply the new values entered.
5. Click “OK”
E. Sensor Noise
1. Double click on the sensor noise block.
2. Double click on the step block. This will provide a
Gaussian distributed random number output as the
step noise.
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3. Set the desired values for each parameter.
4. Click “Apply” to apply the new values entered.
5. Click “OK”

F. A-D Converter
1. Double click on the analog-to-digital converter

block.

2. Input the sampling time of the converter;
3. Click “Apply” to apply the new values entered.
4. Click “OK”

G. PID Controller
1. Double click on the Discrete-Time PID Controller

block.

2. Make sure that the controller is set to PID and time
domain discrete time.

3. Set the parameters for the PID controller and input
the gains on the boxes.

4. Set the sampling time the same as the sampling
time in the analog-to-digital converter.

H. Run the simulation. The result of the entered
parameters will be displayed. It will show if the digital
control system is performing well through the
waveforms of the desired speed versus the measured
speed of the motor.

I.  Stop the simulation. Make the necessary adjustments
in the parameters of the discrete-time PID controller. If
the gains have been calculated, it may be set there. If
not, the system may be tuned.

1. Tuning the controller.

a. Double click on the discrete-time PID
controller.

b. Click on the “Tune” button. The PID tuner of
the Simulink Control Design will open.

c. The PID tuner will tune the system by
linearizing the plant and computing for the
gains. A graphical user interface (GUI) will
then open and show the step response of the
block having the current parameter values in
comparison to the tuning done.

J.  After tuning, run the simulation again. The
performance of the digital control system will be
shown.

K. The response time of the controller may be adjusted for
a faster response or a smaller overshoot.

7. REVIEW OF RELATED LITERATURE

7.1. DC Motors

As one of the traditional machines, DC motors have been
widely used since the 19th century, due to its high torque and
low volume [14]. In industries, there are two main types of
DC motors: the conventional DC motor and the brushless DC
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(BLDC) motor. The first type of DC motor, the conventional
one, the flux is produced by the current through the field coil
of the pole structure. While the latter has permanent magnets
that provide the essential air gap flux instead of poles. In DC
motors, it has been observed that additional parameter
changes or sudden loa variations changes the behavior of the
whole system in such a way that the system obtains new
oscillations, that is why in this paper, it was concluded that the
mechanical and electrical constraints of DC motor systems
with PID controllers must be verified as constraints before
implementation.

In comparison to the other electric machine, such as induction
machines [15,16], DC motors have some internal advantages.
It has the advantage of simple control and a large
electromagnetic torque. Not to mention its ability to adjust its
speed in wide ranges [17]. Controlling the DC motors have
been continuously studied up to this day. There are many
published studies to control DC motors, such as nonlinear
control [18], optimal control [19], and adaptive control [20].
These controls are also applied to diverse types of DC motors
including BLDC. Brushless DC motors have become more
successful in the industries, especially in the fields of
production, aeronautics, robotics, computer peripherals,
industrial automations, etc [21]. However, due to complexity
of the implementation of these control methodologies [22],
the conventional PID controllers were used to be able to get
the job done.

7.2. PID Controller

PID controllers have covered treatment for transient and
steady-state response to give the simplest and most efficient
way to solve many real world control problems. With this, the
PID controllers are the most widely used control strategy up to
today. It is estimated that over 90% of control systems employ
PID control, due to the derivative gain set to zero (PI control).
The PID controller has three terms which fulfills three
common requirements of most control problems. It has an
integral term that yields a zero steady-state error in tracking a
constant setpoint. This integral control also enables the
complete rejection of constant disturbances. While the
integral term controls and filters the higher frequency sensor
noise, the proportional term responds immediately to the
current error. However, these two terms have their own
disadvantages. The integral term is slow in response to the
current error, while on the other hand, the proportional terms
cannot achieve the setpoint accuracy without an intolerably
large gain [23].

Despite the simplicity of the PID controller and its high
efficiency, the tuning gains of this controller have been
difficult; thus, researchers tend to enhance the design
methodologies of the existing PID controllers. The control
structure has organized the convex set with an internal PD
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controller, between the PID controller and PI controller.
Researchers have been studying and comparing the results of
PID controllers to Fuzzy-PID controllers. This has been an
interest since conventional PID controllers still leave the
difficulty of controlling the value of parameters and get the
characteristics suitable to each parameter. While on the other
hand, fuzzy controllers satisfy the control characteristics and
provide easy computing, to be able to control the motor
efficiently. Before implementation of a PID controller to a DC
motor control system, critical gains should be calculated to
ensure the stability of the system as a whole. With the proper
installation of a PID controller, it can ensure protection
against large steady state RMS, steers, frequency and also
provide protection behaviors were unforeseen.

8. THEORETICAL CONSIDERATIONS

Tuning PID controllers is essential for proper operation,
because an improperly tuned controller can lead to
unnecessary operational and maintenance costs in industrial
applications. There are three basic parameters in a PID
controller i.e. the proportional, integral, and derivative.
Proportional controllers can modulate the output of a system
depending on its setpoint; however, it cannot eliminate errors
from the output or process variable. An integral part of the
controller can help eliminate this error. Furthermore, adding
the derivative component can help increase the
responsiveness of the system. Improving a PID controller can
be done either at a hardware-level or a
software/algorithm-level. Going through either route is an
investment with risks and rewards depending on the
implementation. This paper mostly discusses tuning the PID
gains of the controller using a tuner with a graphical user
interface (GUI) in MATLAB. In systems where a PID
controller is utilized, a commonly used technique to test and
analyze the performance of the PID controller is to subject the
motor to the most common load variations a motor will
encounter and also changing the load variations gradually
under constant speed control.

9. DATA AND RESULTS

Figures 10 to 21 shows the simulation output.
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Figure 10: Digital Control System Diagram
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Figure 13: Initial Parameters of the Disturbance Block
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Block Parameters: Noise X
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Output a normally (Gaussian) distributed random signal. Output is
repeatable for a given seed.
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Figure 14: Initial Parameters of the Noise Block
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10. ANALYSIS OF DATA

The graphs show the performance of the measured speed
which is the blue line in comparison to the desired speed
which is the yellow line. As seen, the measured speed tracking
is not doing well due to the noises introduced to the system
and the gains of the discrete-time controller. The voltage sent
to the motor is shown in the second graph. In order to improve
the overall performance of the system, it has been tuned using
the PID tuner of the Simulink Control System Toolbox.
Tuning the PID controller will linearize the plant and compute
for the gain needed of the controller. The tuning tools are on
the top and can be used for changing the response time of the
block. The calculated gains are now set in the parameters of
the block.

11.CONCLUSION

In conclusion, the group was able to successfully develop and
tune a PID-based DC motor control system. The PID
controller and DC motor were both simulated using Simulink
and the Control Systems Toolbox in MATLAB. After
successfully simulating the system, tuning was done to
improve the performance of the PID controller and overall,
the system. Adjusting the step response of the controller also
led to the gains of the controller changing. These two
parameters were key in adjusting the performance of the
system. Depending on the configuration, one could achieve
either faster response time or better stability.

Without tuning, the DC motor was very unstable, and its
speed was very erratic. The entire digital control system was
created for controlling the speed of the DC motor by
calculating the error between the measured speed and the
desired speed then sending the voltage to the motor. It is also
important to include the noise since the motor is prone to
external noise. This noise was combined with the output of the
motor. Since the signals are analog, the analog-to-digital
converter is essential to convert the signal to digital before
being combined with the desired speed.

After tuning the system by adjusting the gain using the PID
tuner, the system performed noticeably better. Not only did
the output speed get closer to the setpoint, but the step
response of the system also got faster. It is important to note,
however, that the increased step response came at the cost of
system stability as the faster system response caused more
overshoot and noise. This can be remedied by lowering the
step response of the system.

12. RECOMMENDATIONS

Further improvements can still be made to this project as there
are a number of ways to design a DC motor control system.
One such innovation is the possible addition of a fuzzy logic
algorithm to the design. The addition of a fuzzy logic
controller should add another degree of complexity; however
it could have the capacity to improve on complex and
non-linear processes. Theoretically, in the presence of load
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and possible noise the addition of a fuzzy logic control should
compensate for the errors better than a PID controller on its
own. Furthermore, comparing the performance of a PID
controller with a fuzzy logic enabled one with regards to the
speed, position, and torque would give a better understanding
of how they differ. Determining the practicality of
implementing a fuzzy logic controller on a PID controller
would be recommended, because the added benefits of using
fuzzy logic would come at a cost be it financially or timely.

Additionally, there are different methods of tuning a PID
controller. It is recommended that more methods of PID
tuning should be studied. This is because different methods
could yield different results and better implementation both
economically and in practicality. Similar to fuzzy logic,
another innovation in the field of PID controllers is called the
Adaptive PID controller. In this implementation, the design
revolves around the error between the desired output and
process response to zero. It is based on the model reference
adaptive control method.

A comparison between the Adaptive PID controller and the
Fuzzy logic enabled PID controller is an ideal study as these
two are the most prominent innovations with respect to PID
control systems. In addition to that, PID controllers are not
limited to DC motors. They can be applied to many different
industrial applications such as thermostats, control valves, and
power converters.
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