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Abstract – This study sheds light on different types of 

speed control of a Motor with a powerful simulation 

model for MATLAB/SIMULINK-based PID-controlled, 

PWM hysteresis & Hardware Development using IR 

sensor based brushless direct current motor drive. Using 

a PID controller, PWM hysteresis & Hardware the 

Brushless direct current (BLDC) motor can be 

effectively managed. The BLDC motor mathematical 

modelling will be confirmed. Using all these models, it is 

simple to observe and analyze the dynamic properties of 

BLDC motors (speed and torque), as well as the current 

and voltages of the inverter components. 

Keywords- BLDC Speed Control. PID, PWM hysteresis 

& hardware & MATLAB/SIMULINK. 

I -INTRODUCTION 

Controlling Motor speed is necessary to overcome 

problems in the field, such as avoiding machine damage 

and avoiding moderate ascent times and high overshoot. 

This is on account of when the beginning voltage is high, 

it isn't reasonable for a machine as it can cause machine 

harms. In this way, a controller like PID, PWM 

hysteresis & hardware is created to beat this issue [1]. 

Sometimes, control of engine & motors becomes 

important as it cannot be controlled manually but in 

some environments with the ease of technology it is 

intended. In this case, it is desirable to control a BLDC 

Motor quickly using Hardware & PID methods. 

Recently, in order to cope with catastrophic Industry 

related applications, research on Control robots has 

advanced in many countries. Hence, it is desirable to 

control the speed of the BLDC Motor robots using a 

MATLAB Simulink system & hardware Method. [1] 

II- LITERATURE REVIEW 

In 2013 Aditya Pratap Singh in this article, a PID 

controller is designed to monitor and regulate the speed 

response of a DC motor. Simulation and computation are 

performed using the MATLAB program. PID controllers 

are frequently employed in industrial plants due to their 

reliability and simplicity. Industrial processes are 

impacted by parameter variation and disturbances. PID 

parameters are being selected and debated. 

1) The proposed PID approach's solution time is just a 

small portion of the time required by the conventional 

algorithm, which is one of the key findings from the 

experiments. 

2) A proportional controller Kp will lower the rising 

time and the steady state inaccuracy, but it will never 

completely do so. 
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3) An internal controller Ki may worsen the transient 

response while having the effect of eliminating the 

steady state inaccuracy. 

4) A derivative controller Kd will result in an 

improvement in transient responsiveness, a decrease in 

overshoot, and an increase in system stability. 

5) The normalized value in PID produces output 

performance that is extremely close to precision. 

6) MATLAB is a powerful and user-friendly piece of 

software that is used to simulate the complete project 

[7]. 

In 2015 Pratap S Vikhe, Neelam Punjabi, Chandrakant B 

Kadu have investigated the most popular and widely 

recognized control algorithm for industrial control is 

proportional-integral-derivative (PID) control. 

Controlling the speed of the DC motor is one of the 

applications employed here. Controlling a DC motor's 

speed is crucial since even a little variation might cause 

the closed loop system to become unstable. The purpose 

of their study is to demonstrate how a PID controller in 

LabVIEW can be used to control a DC motor. An 

ATmega 8A microcontroller will be used to integrate a 

DC motor with LabVIEW. By designing a Graphic User 

Interface (GUI) for PID Controller in LabVIEW, the 

speed of the DC motor will be controlled. Using the 

PWM pins on the Microcontroller board, LabVIEW will 

transmit serial commands to the DC motor. The user can 

set the speed of a DC motor in LabVIEW. The IR sensor 

will be used to measure the speed of the DC motor. The 

ATmega Microcontroller in LabVIEW receives the 

output from the sensor and sends it to the PID 

Controller. PID Controller compares the DC motor's 

actual speed to the target speed [8]. 

In 2013 Walaa M. Elsrogy has Aimed to create a DC 

motor speed controller by choosing PID parameters with 

the use of a genetic algorithm (GA) and an adaptive 

neuro-fuzzy inference system (ANFIS). When 

nonlinearities like magnetic saturation are taken into 

account, a nonlinear model of a DC motor may be 

possible. Nonlinearities and model uncertainties must be 

taken into account in the control design in order to 

provide effective control. A DC motor model is regarded 

as a third order system. Additionally, this study contrasts 

three different types of PID controller parameter tuning 

techniques. The first is the Ziegler and Nichols controller 

design, the second is the Genetic Algorithm approach, 

and the third is the Adaptive Neuro-Fuzzy Inference 

System controller design (ANFIS) [9]. 

Muhammad Rafay Khan  has studied, a method for 

managing DC motor speed under different load 

conditions is presented. Using a PID controller, the 

linear system model of a separately stimulated DC motor 

with torque variation is created. To observe the system 

reaction, a Matlab simulation of the proposed system 

under no-load and full-load conditions is run on the 

Simulink platform. In this experiment, the motor speed 

is maintained constant. According to the experiment's 

modelling results, a motor runs roughly at a constant 

speed regardless of motor load. According to the 

Simulink data, the full load only causes the motor's 

speed to drop down by roughly 270 rpm (9%) in 980 

milliseconds. On unloading, the motor speed is hunting 

for 200 rpm (6.66%) in 900 milliseconds. We conclude 

that a PID controller works well for regulating motor 

speed when there are load disruptions [10]. 

It is frequently utilized in many variable speed systems 

where broad speed ranges are necessary. The computer 

controller is incompatible with the conventional 

controller. A straightforward discrete PID controller for 

DC motor speed control was developed to address the 

shortfalls of traditional controllers. The simplicity of the 

discrete controller's design and ease of access to the 

control action through computer systems are advantages. 

By using the root locus approach, the system dynamics 

are determined as well as the controller parameters. The 

focus of this study is on designing a straightforward 

digital control system that integrates a discrete PID 

controller with a direct current (DC) motor. Software 

from MATLAB and SIMULINK is used to run the entire 

simulation [11]. 

In order to regulate the speed of a DC motor whose 

parameters are unknown, the design and execution of a 

PID control strategy utilizing simulation software are 

described in this article. By applying an input signal to 

the system, a system identification is used to obtain the 

mathematical model of the control system. A single 

input/single output configurator was created using the 

mathematical model that was acquired with Bode 

diagramming techniques. P, I, and D values for the PID 

control algorithm parameters are determined 

automatically. Here, new control parameters are 

established using an online identification system. In this 

study, a microcontroller integrated control board and 

simulation software are used to create a PID controller. 
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The outcomes of the motor parameter experiments attest 

to the precision of the study [12]. 

For system identification, a simulation model of PID 

closed loop control is created, and the PID parameters 

are automatically defined. Finally, tests were performed 

using the integrated control board for the 

microcontroller. The approach has been discovered to be 

quite effective and suitable for the construction of the 

current motor control system. The precision and 

dynamic performance of the control system are good. 

Additionally, we have discovered through 

experimentation that accuracy decreases with speed. The 

collected encoder signal is not taken into consideration 

in a smooth enough manner. For additional research, a 

low pass filter can be considered [12]. 

At the beginning of this study, we learned from this 

study about the fundamental building components of the 

control system. Both open loop and closed loop control 

systems were topics of our studies. We also study the 

steady state reaction and transient response. We have 

learned many methods for using PID controllers to 

assess the effectiveness of dc motor control. We gained 

knowledge about the dc motor's mathematical modelling. 

We researched the various dc motor parameters. The 

transfer functions of angular speed and position are also 

included in the mathematical modelling of dc motors 

along with the various parameters. The PID controller in 

the LABWIEW is provided the motor transfer function. 

[13]. 

(PID) controllers due to their straightforward design and 

reliable performance across a variety of operating 

situations. Three parameters must be specified in order 

to create such a controller: proportional gain, integral 

time constant, and derivative time constant. Up until this 

point, a lot of work has gone into developing techniques 

to shorten the time spent optimizing the controller 

parameter selection. 

Tuning is the process of adjusting the PID settings, and 

the traditional tuning approach uses the well-known 

Ziegler-Nichols tuning formula. This tuning method, 

however, is not always effective because it may utterly 

miss the mark when it comes to processes having, for 

instance, a lot of dead time. [14]. 

An enhanced adaptive fuzzy PID controller is suggested 

in this study to regulate the speed of the BLDCM. An 

overview of the performance of traditional PID 

controllers, fuzzy PID controllers, and adaptive fuzzy 

PID controllers is given in this study. Using a standard, 

traditional PID controller makes it challenging to fine-

tune the parameters and obtain satisfactory control 

characteristics. Because it is simple to compute and has 

the potential to satisfy control criteria, adaptive fuzzy 

systems The experimental results demonstrate that an 

adaptive fuzzy PID controller outperforms both fuzzy 

and conventional PID controllers in terms of control 

performance. The software program 

MATLAB/SIMULINK was used to model, control, and 

simulate the BLDC motor. Results of simulations of 

three-phase BLDC motors using a normal PID 

controller, a fuzzy PID controller, and an adaptive fuzzy 

PID controller. It is not essential to alter the control 

factors in conservative PID control as the reference 

speed changes. According to simulation findings, it is 

evident that the BLDC speed control utilizing the 

adaptive fuzzy PID controller technique outperformed 

the conservative PID controller and fuzzy PID controller 

under the identical operating conditions, especially when 

the motor was operating at lower and higher speeds. 

Additionally, even when the load changes, the motor 

speed must remain constant. [16] 

DC motors must be controlled by a circuit in order to 

perform more effectively. Numerous controller circuits 

and algorithms are employed for this goal. The most 

effective controller circuit for a BLDC motor among 

them is the PID controller, though. The proportional, 

integral, and derivative blocks of circuits make up the 

majority of the PID controller. According to their names, 

each circuit block is utilized to carry out various 

mathematical operations. The suggested controller for a 

three-phase brushless DC motor's entire MATLAB 

design. Interconnected components include the reference 

source, PID controller, driving circuit, sensors, converter 

circuit, inverter circuit, display scope, and motor. [17] 

The PID controller's fundamental frequency transferring 

capabilities, G(s), can be represented by (10) and (11), 

𝐺(𝑠) = 𝐾𝑝 +
𝐾𝑖

𝑠
+ 𝐾𝑑. 𝑠……. (10) 

𝐺(𝑠) =
𝐾𝑑. 𝑠2 + 𝐾𝑝. 𝑠 + 𝐾𝑖

𝑠
… … . . (11) 

Were, 

𝐾𝑝 = 𝑃𝑟𝑜𝑝𝑜𝑡𝑖𝑜𝑛𝑎𝑙 𝑔𝑎𝑖𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑒𝑖𝑛𝑡 

𝐾𝑖 = 𝐼𝑛𝑡𝑒𝑟𝑔𝑎𝑙 𝑔𝑎𝑖𝑛 𝑐𝑜𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑡  

𝐾𝑑 = 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒 𝑔𝑎𝑖𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 

𝑠 = 𝐶𝑜𝑚𝑝𝑙𝑒𝑥 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦   
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 Kp times the time derivative output U(t) of the 

controller for controlling the plant Kd times the 

derivative of the error signal's time function and Ki times 

the integral can be used to indicate the error pulse's 

magnitude in equation (12). 

𝑈(𝑡) = 𝐾𝑝. 𝑒(𝑡) + 𝐾𝑖∫ 𝑒(𝑡). 𝑑𝑡 + 𝐾𝑑.
𝑑𝑒(𝑡)

𝑑𝑡
… … (12) 

The goal of this study is to demonstrate the dynamic 

reaction to the quick tuning results of the modified PID 

controller that has been suggested in order to control 

motor speed and maintain constant speed under changing 

loads. Thus, the PID regulator can improve the BLDC 

motor's overall performance. The simulation results 

demonstrated that a better control performance may be 

supplied for the PID controller's functions. [17]. 

III-  METHODOLOGY 

PID controllers are generally used to control the speed of 

a DC engine. By monitoring certain electric parameters, 

the speed is managed. Similarly, some methods that are 

used for bldc motor’s speed management are studied [1].  

a. Speed control using PID MATLAB/SIMULINK. 

A BLDC motor's modelling can be created in a similar 

way to how a preface synchronous machine. Some 

dynamic properties are altered since the rotor has a 

permanent magnet installed on it. Similar to that, the 

BLDC motor's armature winding model is expressed as 

follows [2]. 

𝑉𝑟 = 𝑅. 𝑖𝑟 + 𝐿 (
𝑑𝑖𝑟

𝑑𝑡
) + 𝑒𝑟 

𝑉𝑦 = 𝑅. 𝑖𝑦 + 𝐿 (
𝑑𝑖𝑦

𝑑𝑡
) + 𝑒𝑦 

𝑉𝑏 = 𝑅. 𝑖𝑏 + 𝐿 (
𝑑𝑖𝑏

𝑑𝑡
) + 𝑒𝑏 

Were, 

𝑒𝑟, 𝑒𝑦 & 𝑒𝑏 = 𝑀𝑜𝑡𝑜𝑟 𝑏𝑎𝑐𝑘 − 𝐸𝑀𝐹 𝑖𝑛 (𝑉) 

𝑖𝑟, 𝑖𝑦 & 𝑖𝑏 = 𝑀𝑜𝑡𝑜𝑟 𝑖𝑛𝑝𝑢𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 (𝐴) 

𝑉𝑟, 𝑉𝑦 & 𝑉𝑏 = 𝑡𝑒𝑟𝑚𝑖𝑛𝑙𝑎 𝑃ℎ𝑎𝑠𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑖𝑛 (𝑉) 

𝐿 = 𝐴𝑟𝑚𝑎𝑡𝑢𝑟𝑒 𝑠𝑒𝑙𝑓 − 𝑖𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 (𝐻) 

𝑅 = 𝐴𝑟𝑚𝑎𝑡𝑢𝑟𝑒 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (Ω) 

The equation for each phase is given below, as the rotors 

are 120 degrees apart in phase with each other: 

𝑒𝑟 = 𝐾𝑤. 𝑓(𝜃𝑒)𝜔 

𝑒𝑦 = 𝐾𝑤. 𝑓 (𝜃𝑒 −
2𝜋

3
) 𝜔 

𝑒𝑏 = 𝐾𝑤. 𝑓(𝜃 +
2𝜋

3
)𝜔 

Were, 

𝜃𝑒 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑟𝑜𝑡𝑜𝑟 𝑎𝑛𝑔𝑙𝑒 𝑖𝑛 (𝑜𝑒𝑙. ) 

𝜔 = 𝑅𝑜𝑡𝑜𝑟 𝑠𝑝𝑒𝑒𝑑 𝑖𝑛 (𝑟𝑎𝑑. 𝑠−1) 

𝐾𝑤

= 𝐵𝑎𝑐𝑘 𝐸𝑀𝐹 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑝ℎ𝑎𝑠𝑒 𝑖𝑛 (
𝑉

𝑟𝑎𝑑. 𝑠−1
) 

For rotor angle, 

𝜃𝑒 =
𝑝

2
𝜃𝑚 

Were,  

𝜃𝑚 = 𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑟𝑜𝑡𝑎𝑟 𝑎𝑛𝑔𝑙𝑒 𝑖𝑛 (𝑟𝑎𝑑). 

The total of the torque outputs from each phase can be 

used to represent the overall torque. The following 

equation shows the overall torque output [2]. 

𝑇𝑒 =
𝑒𝑟. 𝑖𝑟 + 𝑒𝑦. 𝑖𝑦 + 𝑒𝑏. 𝑖𝑏

𝜔
 

b. PWM hysteresis  

Unipolar and bipolar drives are the two different types of 

driving techniques available for BLDC motors. As seen 

in Fig. 1, a three-phase bridge circuit made up of IGBTs 

powers a three-phase (brushless) motor. Here the 

efficiency—is at its best. Bipolar drive is a common 

name for this drive. Bipolar in this context refers to a 

winding that receives alternate polar energization. Both 

sensor-based and sensor-less strategies can be used in 

the bipolar driving strategy. Sensor-less techniques 

employ back EMFs and position encoders. In contrast, 

sensor-based approaches incorporate optical and hall 

sensors. EMFs can have sinusoidal or trapezoidal 

waveforms [3]. 
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Fig.1 Equivalent circuit of a BLDC motor connected to 

an inverter [3] 

A three-phase BLDC motor with a trapezoidal flux 

distribution and typical back EMF waveforms are 

illustrated in Fig. 3. 

As can be seen, the back EMF created per phase of the 

motor winding changes linearly with rotor angle before 

and after the constant section of 120°. The BLDC 

motor's phase voltage equations can be expressed as, 

𝑉𝑎 = 𝑅𝑎. 𝐼𝑎 + 𝐿 (
𝑑𝐼𝑎

𝑑𝑡
) + 𝐸𝑎 … … . (1) 

𝑉𝑏 = 𝑅𝑏. 𝐼𝑏 + 𝐿 (
𝑑𝐼𝑏

𝑑𝑡
) + 𝐸𝑏 … … . (2) 

𝑉𝑐 = 𝑅𝑐. 𝐼𝑐 + 𝐿 (
𝑑𝐼𝑐

𝑑𝑡
) + 𝐸𝑐 … … . (3) 

Were, 

𝐼𝑎, 𝐼𝑏 & 𝐼𝑐 = 𝑃ℎ𝑎𝑠𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡  

𝑉𝑎, 𝑉𝑏 & 𝑉𝑐 = 𝑃ℎ𝑎𝑠𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒  

𝐸𝑎, 𝐸𝑏 & 𝐸𝑐 = 𝐵𝑎𝑐𝑘 𝐸𝑀𝐹𝑠 

The expression for Back EMFs are expressed as  

𝐸𝑎 = 𝐾𝑒. 𝜔𝑚. 𝐹(𝜃𝑒) … … (4) 

𝐸𝑏 = 𝐾𝑒. 𝜔𝑚. 𝐹 (𝜃𝑒 −
2𝜋

3
) … … . (5) 

𝐸𝑐 = 𝐾𝑒. 𝜔𝑚. 𝐹 (𝜃𝑒 +
2𝜋

3
) … … . (6) 

Were, 

𝜔𝑚 = 𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑜𝑡𝑜𝑟  

𝜃𝑚 = 𝑀𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑜𝑡𝑜𝑟 

𝜃𝑒 = 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑜𝑡𝑜𝑟 

𝐹(𝜃𝑒)

= 𝐵𝑎𝑐𝑘

− 𝐸𝑀𝐹 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑟𝑜𝑡𝑜𝑟 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛. 

Fig.2 Open Loop control of BLDC Motor [3] 

Fig. 3 Trapezoidal back EMF of three phase BLDC 

motor [3] 

In this study, they assume that hall sensors are being 

used to gather the rotor data. The real rotor position is 

sensed by the 120-degree-apart Hall position sensors [3]. 

c. Hardware development using arduino  

This method demonstrates how to use an Arduino and 

the PWM technique to control the speed of a brushless 

direct current (BLDC) motor. There are various methods 

for controlling the speed of BLDC motors, but they are 

often rather expensive and have significant operational 

restrictions. An Arduino Uno board is utilized along with 

PWM approach because they are cutting-edge, 

affordable, and can be used in numerous appliances, 

robotic automation, small-scale companies, etc. Between 

the Arduino and the BLDC motor is an ESC. It is a 

motor driver circuit that is used to modify an electric 

motor's speed. The Arduino is powered by the regulated 

5V provided by this ESC. Stator and rotor are the two 

components that make up a BLDC motor. The stator 

winding needs be energized in a specific order to turn 

the BLDC motor. The potentiometer can be used to 

control the motor speed via Arduino. We can control the 
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current that is sent to drive a BLDC motor in the form of 

PWM waves with the aid of a potentiometer [4]. 

 

Fig.4 Proposed Schematic Diagram of Hardware 

Development [4] 

d. Tuning of PID using Simulink  

Finding the ideal value for three unknown controller 

parameters is Known as of PID tuning. ZNM is 

frequently used to adjust PID controllers. The 

procedures used in this method are: 

1. Switch the control to P-only, which turns off the 

integral and derivative controls. 

2. Gradually increase the controller gain, Kc, and watch 

the output reaction. 

Fig 5 defines and displays the values of Kc, and. An 

alternative to the numbers mentioned above has also 

been established for PI and PID, and is known as the 

TLC tuning guidelines. These numbers typically lessen 

oscillatory effects while enhancing robustness. The 

guidelines for TLC tweaking are outlined in Fig 6 [5]. 

 

Fig.5 Values for Es, I and D using €NM [5] 

 

Fig.6 Values of I and D using TLC [5] 

e. Simulink Modelling  

For modelling, simulating, and analyzing dynamical, 

linear, and non-linear systems that are modelled in 

continuous time, sampled time, or a combination of the 

two, SIMULINK is a MATLAB-based software suite. 

Simulink offers a graphical user interface (GUI) for 

creating block diagram models by clicking and dragging 

with the mouse [5].  

Figure 7 depicts the structure of a typical feedback 

control system 

 

Fig. 7 Feedback control system [4] 

The speed control using PID controller consists of 3 

components namely Kp, Ki and Kd Equation 7 describes 

them and their role in speed control [4]. 

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖∫ 𝑒(𝑡)𝑑𝑡 + 𝐾𝑝
𝑑𝑒

𝑑𝑡
…. (7) 

 

IV- RESULT & DISCUSSION 

This review article helps in determining the various 

types of Speed Control for DC as well BLDC Motor 

under different Modeling condition, to know the Speed 

control ratio of different types of method with its 

boundary’s one can research most unique way to control 

the speed. 

In order to improve the speed control of these kinds of 

motors, the Proportional Integral Derivative (PID) 

algorithm is the simplest form to control the speed, in 

this study to describe the design of the BLDC & DC 

motor speed control system. The overview of the PID & 

other logics was derived for controller's functionality and 

to design is the review’s main goal. When compared to 

other controllers, the PID regulator is much more 

applicable, better operational, and effective at attaining 

sufficient control performance, according to the study's 

final set of well-functioning tests. 

V-CONCLUSION 

Most of the journal were reviewed and different analysis 

were studied on the control of Speed for DC & BLDC 

Motor and were illustrated on PID, PWM hysteresis & 
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Hardware development using Arduino uno each of the 

results shows different criteria of Controlling with its 

unique strategy condition MATLAB/SIMULINK 

software’s and other software helps in Analyzing the 

Control of speed criteria with minimum cost on 

Analyzing. Hence the paper reviewed are sorted with 

Equations. 
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